
Consensus Statement 

Ulcerative Colitis and Colon Carcinoma: 
Epidemiology, Surveillance, Diagnosis, and 
Treatment 
The SSAT, AGA, ASLD, ASGE, AHPBA Consensus Panel* 

Although a small fraction (< 1%) of  all cases of  co- 
lorectal cancer arise in the setting of  chronic  ulcera- 
tive colitis, the development  of  gastrointestinal neo-  
plasia presents a formidable problem for bo th  the pa- 
t ient  widi chronic ulcerative colitis and the physician. 
This  consensus provides a summary of  the magnitude 
of  the problem of  colorectal  cancer in patients with 
ulcerative colitis, cur ren t  surveillance recommenda-  
tions, improved diagnostic modalities, and treatment.  
T h e  panel was asked to discuss and draw conclusions 
regarding the following questions: 

1. Is there a risk of developing colon cancer in patients 
with chronic ulcerative colitis and, if so, which patients 
are at greatest risk? 

2. Is dysplasia a reliable and valid histologic marker in the 
identification of patients at risk for developing colon 
cancer in the face of ulcerative colitis? 

3. Is colonoscopic surveillance of benefit in reducing can- 
cer mortality in patients with chronic ulcerative colitis? 

4. Are there other biochemical or immunologic markers of 
value in identifying patients with ulcerative colitis at risk 
for the development of colorectal cancer currently avail- 
able or to be anticipated in the near future? 

5. ls there a role for prophylactic colectomy in patients 
with dysplasia-associated lesions or masses (DALM), 
high-grade dysplasia, low-grade dysplasia, and in pa- 
tients with long duration of disease or early onset of dis- 
ease? 

Summary 

1. Is there a risk of developing colon cancer in patients 
with chronic ulcerative colitis? 

There is a clear relationship between chronic ulcerative co- 
lifts and the risk of developing colorectal carcinoma. The 
overall incidence of ulcerative colitis may be as much as lO- 
fold higher than what other epidemiologic studies in the 

Westem World have reported previously. The survival de- 
crease in patients with ulcerative colitis is clearly related to 
colon cancer and not to other medical conditions. The two 
best established risk factors for developing colorectal cancer 
in chronic ulcerative colitis are duration of disease and 
anatomic extent of disease. Colorectal cancer is only rarely 
encountered when the total duration of colitis is less than 8 
to 10 years, but thereafter the risk of cancer rises at the rate 
of approximately 0.5% to 2% per year. Patients with ex- 
tensive colitis, that is, those with disease proximal to the 
splenic flexure, are at the greatest risk of developing can- 
cer, whereas those with only proctitis have very little risk 
for colorectal cancer. Persons with left-sided colitis are also 
at risk, although this appears to be lower than in those with 
pancolitis. The age of onset as a risk factor remains contro- 
versial. Although some studies report that onset of colitis 
at a young age is a risk factor for subsequent colorectal can- 
cer, the bulk of evidence suggests that childhood onset of 
colitis does not confer an added risk independent of total 
disease duration and anatomic extent. Nevertheless, there 
were disturbing data presented by the panel suggesting that 
in patients diagnosed with colitis before the age of 15 years 
and who are then followed up to the age of 50 years, there 
is up to a 50% risk of developing colorectal carcinoma. In 
addition, several studies have indicated that the small sub- 
set of patients with primary sclerosing cholangitis may be at 
high risk for developing colorectal carcinoma. A family his- 
tory of colon cancer is associated with a two- to threefold 
greater risk for colon cancer in persons with ulcerative co- 
litis as opposed to those with colorectal carcinoma unre- 
lated to colitis. It is likely that other genetic subgroups will 
be identified that are also at increased risk. 

2. Is dysplasia a reliable or valid means of identifying at- 
risk patients? 

In the absence of randomized prospective trials, it is not 
possible to determine the full impact of dysplasia surveil- 
lance in ulcerative colitis. Thus the answer to this question 
remains "yes and no." There is a definite positive predic- 
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tive value in identifying cancer in patients with DALM, 
high-grade dysplasia, and perhaps low-grade dysplasia. 
These dysplastic markers, however, have a poor negative 
predictive value and are inadequate if the overall goal is to 
reduce the risk of developing cancer to zero. In patients 
with DALM there is a 40% to 50% chance that they will 
develop invasive carcinoma, in patients with high-grade 
dysplasia the chance is greater than 40%, in patients with 
low-grade dysplasia there may be up to a 20% chance of 
them having invasive carcinoma, and in patients with in- 
definite dysplasia the risk may be as high as 5% to 10%. 
There is remaining concern about the significant variability 
among pathologic experts in accurately differentiating low- 
grade from high-grade dysplasia. 

3. Is colonoscopic surveillance of benefit in reducing can- 
cer in patients with chronic ulcerative colitis? 

To date, no prospective randomized trials have shown that 
surveillance reduces cancer-related mortality. Two retro- 
spective studies indicate that mortality is reduced by a sur- 
veillance program. The panel would recommend that in an 
effort to enhance the value of dysplasia surveillance in tmi- 
versal ulcerative colitis, colonoscopy should be performed 
every 1 to 2 years starting from the eighth year and yearly 
after the fifteenth year of disease. Flexible sigmoidoscopy 
to 60 cm with biopsy should be performed in the alternate 
year when colonoscopy is done every other year. The stan- 
dardization of surveillance is important for gathering 
prospective data. Biopsies must be taken at the time of each 
colonoscopy. The panel would recommend that three to 
four biopsies be taken each 10 cm resulting in a total of at 
least 25 to 30 biopsies. This raises significant questions re- 
garding logistical and financial realities that may limit pa- 
tient or physician compliance. It is also important to ad- 
dress further the issue of patients who are not on surveil- 
lance programs and present for the first time to the physi- 
cian or those who have dropped out of surveillance pro- 
grams or who are not compliant. This may be of greater 
importance than further standardization of any currently 
accepted surveillance program. 

4. Are there other biochemical, immunologic, or molecular 
markers of value in identifying at-risk patients? 

As of 1998, no molecular markers of clinical value are avail- 
able. Whether there will be some in the near future is un- 
clear. The evidence for mutations of p53 suppressor genes, 
aneuploidy, and abnormal mucin-associated antigens (STn) 
as markers is encouraging, although clinically unproved. 
Further identification of genetic subgroups at greater risk 
for developing carcinoma may be a promising strategy. 

5. Is there a role for prophylactic colectomy in ulcerative 
colitis? 

In part, this question depends on what is meant by "pro- 
phylactic" colectomy. If the colectomy is done in the face of 
a positive premalignant histologic marker and cancer is in- 

deed found, then this no longer represents prophylaxis. The 
panel would conclude that when DALM or high-grade dys- 
plasia are discovered, this interpretation should be con- 
firmed by a second experienced pathologist. If reconfirmed, 
then colectomy should be performed. When low-grade 
dysplasia is discovered, this interpretation should also be 
confirmed by a second experienced pathologist. If con- 
frmed, low-grade dysplasia in multiple areas of the colon is 
probably an indication for colectomy. Some of the panel 
would suggest that even if low-grade dysplasia has been 
demonstrated and confirmed in only one area of the colon, 
strong consideration should be given to colectomy. The al- 
ternative of repeating the colonoscopy in 6 months to re- 
confirm the presence of low-grade dysplasia may fail to un- 
cover additional evidence of dysplasia simply on the basis 
of a sampling error. In some circumstances, truly "prophy- 
lactic" colectomy may be recommended in the absence of 
dysplasia of any type; however, very seldom is this the only 
indication for colectomy. The statistical risk of cancer often 
will be compounded by other indications including lifestyle, 
persistent steroid requirement, drug intolerance, or the 
presence of extensive pseudopolyps. Some experts continue 
to recommend strong consideration of colectomy at 10 
years after the diagnosis of the disease, particularly in pa- 
tients with anxiety. After 20 years, the case becomes much 
stronger for colectomy, even in patients without dysplasia 
or other positive markers. 

Several surgical alternatives are available for patients un- 
dergoing colectomy. These include proctocolectomy with 
Brook ileostomy or continent ileostomy, subtotal colectomy 
with ileorectal anastomosis, which is currently recom- 
mended very seldom throughout the world, and finally 
colectomy with ileal pouch-anal anastomosis. In patients 
undergoing ileoanal anastomosis, consideration must be 
given to performing mucosectomy. Most experts wou!d rec- 
ommend mucosectomy beginning at the dentate line for 
patients undergoing colectomy in the presence of dyspla- 
sia, particularly in the rectum. Others have suggested that 
with severe rectal dysplasia, a standard proctocolectomy 
may be the best option. 

Although a number of questions remain, the panel would 
conclude that the overall relative risk of developing cancer, 
the fear among patients of this dreaded complication, and 
the excess mortality among patients with ulcerative colitis 
are sufficiently high to warrant careful clinical vigilance. 
Cancer surveillance in ulcerative colitis is worthwhile, al- 
though to date the cost-benefit ratios in surveillance pro- 
grams have not been established. There are also no 
prospective data that support a reduction in cancer-related 
mortality with these surveillance programs. The risk of can- 
cer in ulcerative colitis is clear. To reduce the risk of devel- 
oping cancer in a disease that is surgically curable, it will be 
important in the future to maximize clinical judgment, im- 
prove epidemiologic data, and utilize newer and better 
pathologic and molecular markers. 



Biology of Colorectal Cancer in Ulcerative Colitis 

Bret A. Lashner, M.D., M.PH., Bradley D. Shapiro, M.D. 

Patients with chronic ulcerative colitis have an in- 
creased risk of developing colorectal cancer (CRC) 
that rises with increasing duration and extent of dis- 
ease. 1-4 Periodic surveillance colonoscopy with mul- 
tiple biopsies is recommended in an attempt to iden- 
tify patients at high risk of cancer-related mortality. 
Patients who have low-grade dysplasia (LGD), high- 
grade dysplasia (HGD), or asymptomatic cancer de- 
tected at colonoscopy are advised to undergo procto- 
colectomy. In general, surveillance programs have 
failed to markedly reduce cancer-related mortality. 1,5-9 
Factors cited to explain this shor tcoming have in- 
cluded poor patient compliance and the poor perfor- 
mance of dysplasia as a criterion for a positive test. 
Better premalignant markers are needed. 

D Y S P L A S I A  

Dysplasia, first proposed as a premalignant lesion 
in ulcerative colitis patients in 1967, has been used in 
surveillance programs for more than 20 years, l°,n Ini- 
tially H G D  and cancer were the only lesions for 
which colectomy was recommended. Once H G D  has 
been detected at colonoscopy, the risk of finding can- 
cer at colectomy is 42%. 1 Furthermore, another one 
third of patients with H G D  will eventually be found 
to have developed cancer during a subsequent exam- 
ination. More recently, LGD or worse has been the 
proposed criterion for a positive test, but this recom- 
mendation lacks widespread acceptance. 1,5,12-16 

Use of dysplasia as the criterion for a positive test 
in cancer surveillance programs is problematic for 
several reasons. First, there is a high degree of inter- 
as well as intraobserver variability. Even among ex- 
perts, agreement as to the diagnosis and the degree of 
dysplasia ranges from as low as 42% to 65%. 11,17 Sec- 
ond, dysplasia frequently occurs in fiat mucosa and 
can easily be missed because of  sampling errors, 
thereby decreasing sensitivity. The  current standard 
of practice is to obtain two to four biopsies every 10 
cm, a practice that samples less than 0.2 % of the total 

colonic surface area. is,19 Third,  dysplasia can be mis- 
diagnosed in areas of active inflammation (poor speci- 
ficity). All biopsies read as being definite for LGD or 
H G D  should be confirmed by a second pathologist 
experienced in inflammatory bowel disease pathology, 
since the penalty for an error is an unnecessary colec- 
tomy. Fourth, dysplasia defines benign adenomatous 
polyps, lesions that may occur coincidentally in pa- 
tients with ulcerative colitis. 

A L T E R N A T I V E  M A R K E R S  O F  
M A L I G N A N C Y  

Cancer evolves as a result of a multistep process 
that is influenced by both inherited factors and envi- 
ronmental  agents. Identifying specific genetic alter- 
ations has helped further the understanding of ulcer- 
ative colitis-associated neoplasia (UCAN) biology and 
has uncovered tumor markers potentially suitable for 
use in cancer surveillance. 2° An ideal marker is objec- 
tive and not subject to much inter- or intraobserver 
variability, is sensitive by being present often in pa- 
tients who develop cancer, is specific by being absent 
in patients who do not  develop cancer, and is inex- 
pensive. Of  the candidate premalignant  markers 
(global DNA hypomethylation, DNA aneuploidy, ab- 
normal mucin expression, proto-oncogene mutations, 
suppressor gene mutations and loss of heterozygosity, 
and microsatellite instability), aneuploidy, abnormal 
mucins, and suppressor gene mutations hold the most 
promise for use as a complementary marker for dys- 
plasia. 

D N A  A N E U P L O I D Y  

In the presence of environmental  toxins, normal 
diploid cells can develop an abnormal D N A  content. 
Clonal expansion of aneuploid cell populations is ob- 
jectively detected by flow cytometry and found in ap- 
proximately 50% to 70% of sporadic CRCs. Aneu- 
ploidy was initially recognized as a premalignant  
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marker in ulcerative colitis when aneuploid cell lines 
were detected within dysplastic mucosa in a 46-year- 
old man. 21 After 1 year, a large adenocarcinoma de- 
veloped in the corresponding area of a colon. Several 
subsequent reports have confirmed the high preva- 
lence of aneuploidy in WEAN. 22-26 The  frequency of 
aneuploidy increases with worsening grades of dys- 
plasia and cancer. DNA aneuploidy has been reported 
in 3 9% of dysplastic specimens and 74% of ulcerative 
colitis-associated CRC. 26 Only 5% of nondysplastic 
tissue had changes of aneuploidy. Other investigators 
also have found a higher rate of aneuploidy in dyspla- 
sia (21%) and cancer (29%) compared to nondysplas- 
tic tissue (15 %).27 Mapping studies of colectomy spec- 
imens with U C A N  have demonstrated DNA aneu- 
ploidy in cancerous areas as well as in distant flat 
nondysplastic tissue. 25,28 Also, the finding of multiple 
areas of aneuploidy concentrated in areas of cancer or 
dysplasia further supports the hypothesis of clonal ex- 
pansion. Aneuploidy by itself does not necessarily rep- 
resent a specific genetic event that is essential for the 
development of cancer but represents genomic insta- 
bility, which characterizes "premalignant m u c o s a .  ' '29 

A B N O R M A L  M U C I N S  

Mucins are large-molecular-weight glycoproteins 
secreted by goblet cells and, to a lesser extent, by 
columnar cells. There  are qualitative differences be- 
tween colorectal mucins from healthy subjects and pa- 
tients with ulcerative colitis. 3°-32 Furthermore, abnor- 
mal mucins in the colon are exposed in areas of either 
neoplasia or inflammation. Several staining methods 
have been used on biopsy specimens including mucin 
histochemistry, lectin binding, and immunohis to-  
chemistry with monoclonal  antibodies targeted at 
specific antigens. Mucin  histochemistry involves 
staining colonic mucosa with Alcian blue and high- 
iron diamine. Staining patterns are based on the 
charge and type of mucin. Mucins are either neutral 
mucins (no staining), sialomucins (blue staining), or 
sulphomucins (brown staining). Most goblet cells of 
the colon stain brown because of a predominance of 
sulphomucins.  33 There  are increased amounts  of 
sialomucins in the colonic mucosa of patients with ul- 
cerative colitis and an even greater proportion in dys- 
plastic tissue. 34,35 These changes are also present prior 
to the development of dysplasia or cancer. 36 Because 
colonic sialomucin predominance occurs in non-  
neo-plastic disease states such as active inflammation 
and regenerative mucosa in ulcerative colitis, it is not 
sufficiently specific as a surveillance tool for can- 
cer.33,37-39 

A new development  involving mucins utilizes 
monoclonal  antibodies and immunohis tochemica l  

staining. There  are many antigens present in colonic 
tissue, including blood group antigens A, B, H, 
Lewis a, and Lewis 6, as well as sialosyl-Tn (STn). The  
most  promising of these for cancer screening in ul- 
cerative colitis appears to be STn, an antigen that is 
seen in up to 90% of sporadic colorectal cancers. 4°-42 
STn also is expressed in approximately half of adeno- 
matous polyps but not in hyperplastic polyps. In pa- 
tients with ulcerative colitis, up to 85% of cells with 
H G D  stain with STn. STn as a premalignant marker 
for U C A N  has been examined in several case-control 
studies. 43 Six of seven ulcerative colitis patients (86%) 
who developed cancer or dysplasia expressed STn in 
at least one prior nondysplastic biopsy specimen from 
the same site. Furthermore, STn staining was positive 
in 82% of patients with noninflamed, nondysplastic 
mucosa remote from the resected cancer or dysplasia, 
but in none of the normal mucosa from 16 patients 
with sporadic colon cancer. Unfortunately, the false 
positive rate of staining was high-- that  is, four of six 
dysplasia-free control subjects with active ulcerative 
colitis expressed STn.  STn also has been observed 
within goblet cells of the crypts in normal proximal 
colon and in mucosa at a distance from colon cancer. 44 
Another case-control study compared STn staining of 
biopsy specimens from ulcerative colitis patients who 
developed dysplasia or cancer with specimens from 
control subjects who were free of neoplasia. 45 STn 
staining occurred in 44% of ulcerative colitis biopsy 
specimens vs. only 11% of control biopsies. In addi- 
tion, STn antigen preceded the detection ofneoplasia 
by up to 7 years. 

T U M O R  SUPPRESSOR GENES 

Tumor  suppressor genes encode for nuclear pro- 
teins that delay DNA transcription in cells with dam- 
aged DNA until repair can occur or, if the DNA dam- 
age is excessive, programmed cell death (apoptosis) 
can occur. This family of suppressor genes includes 
the p53 gene, adenomatous polyposis coli (APC) 
gene, mutated in colon cancer (MCC) gene, deleted 
in colon cancer (DCC) gene, and retinoblastoma (Rb) 
gene. The  p53 suppressor gene has been termed the 
"guardian of the genome. ''46 It is located on the short 
arm of  chromosome 17 and encodes for a 53 kD 
phosphoprotein. Both a mutation and loss of an allele 
(loss of heterozygosity [LOH]) need to occur before 
the function of this gene is lost. p53 suppressor gene 
mutations and L O H  are present in at least half of all 
malignant  tumors including up to 85% of CRCs. 
These abnormalities also are commonly found in both 
dysplastic lesions and CRCs in patients with ulcera- 
tive colitis. 47-56 

Mapping studies suggest that p53 mutations occur 
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early in the sequence of carcinogenic events leading 
to the development of UCAN. 57 Regions that contain 
the p53 suppressor gene mutation in resected neo- 
plastic colons were not only more extensive than dys- 
plasia but also were found in colonic mucosa indefi- 
nite for dysplasia and in normal mucosa adjacent to 
regions of cancer or dysplasia. 57 Also, there is a high 
correlation between the presence of p53 suppressor 
gene mutations and aneuploidy. Therefore p53 mu- 
tations occur early and most likely proceed to the de- 
velopment of aneuploidy or dysplasia. In two separate 
studies p53 LOH was detected in biopsy specimens 
classified as indefinite for dysplasia, once again im- 
plying that significant genetic abnormalities may exist 
prior to the development of morphologic dysplasia. 5s 
p53 LOH also occurs in early lesions such as LGD or 
dysplasia-associated lesions or masses but not in his- 
tologically normal colonic tissue, s6 These findings are 
the opposite of those seen in sporadic CRC where 
p53 suppressor gene mutations occur relatively late in 
the adenoma-carcinoma sequence and are detected in 
only 8% to 24% of adenomasJ 1,59-64 

Several recent studies have employed immunohis- 
tochemistry to better characterize the frequency and 
timing of p53 mutations in WEAN. 47,55,62 A series of 
10 patients with UCAN demonstrated the presence 
of p53 suppressor gene mutations in two of seven 
specimens with LGD obtained 2 years before the de- 
velopment of carcinoma or HGD. 62 Our own cohort 
study of 95 patients showed that p53 mutations oc- 
curred in half of all ulcerative colitis-associated CRCs 
and in morphologically normal colonic tissue up to 7 
years prior to the development of dysplasia or can- 
cer. 64 In addition, patients with p53-positive cancers 
were diagnosed at a later Dukes' stage than those with 
p52-negative cancers. 

F U T U R E  D I R E C T I O N S  

The  current standard of practice is for patients 
with panulcerative colitis to begin cancer surveillance 
after 7 years of disease. Two to four biopsies should 
be obtained every 10 cm throughout the entire colon. 
In addition, any suspicious areas or raised plaques 
should be biopsied as well. The  interval between 
screening examinations can vary from 1 to 3 years 
based on a patient's individual risk. 65 Shortening the 
interval will increase the sensitivity of surveillance but 
will also increase the cost, both monetarily and in 
terms of potential morbidity, as well as decrease speci- 
ficity. 12,65 Any specimen interpreted as LGD, HGD, 
or cancer should prompt  the recommendation of 
colectomy.1 Prior to colectomy, confirmation of LGD 
or HGD by a second experienced pathologist is ad- 
vised. 

The practice of performing colectomy for the find- 
ing of LGD has not become universally accepted. Up 
to 19% of patients with LGD will have evidence of 
cancer at colectomy and another one third will have 
HGD or cancer detected at subsequent colonoscopy, 
but a significant proportion may never develop a ma- 
lignancy. 6 Possibly, in the future, p53 staining of sur- 
veillance biopsies will become routine and improve 
our management strategies. The presence of p53 mu- 
tations in the setting of LGD may signify the aggres- 
sive nature of a lesion that may best be treated with 
colectomy. However, LGD without p53 mutations 
might in the future be managed conservatively by in- 
creasing the intensity of surveillance, since this dys- 
plastic lesion may be less aggressive. The finding of 
p53 mutations in normal tissue without concomitant 
dysplasia may prompt more frequent surveillance or 
even consideration of prophylactic colectomy. Con- 
tinued research in this area will allow surveillance 
programs to be altered so that cancer-related mortal- 
ity in ulcerative colitis can be substantially reduced. 
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Risk of Cancer in Ulcerative Colitis 

Anders Ekbom, M.D. 

Among any given population in the Western 
World, 20% to 30% will be diagnosed with cancer 
during their lifetime. With this in mind, it is not sur- 
prising that an association between different cancer 
forms and ulcerative colitis has been reported impli- 
cating almost every conceivable site. In most instances 
these studies have emanated from either small case se- 
ries or follow-up studies of patient groups where se- 
lection bias could be a concern. Thus, to study the 
risk of cancer among patients with ulcerative colitis, 
there is a need for a comparison group and ideally to 
follow unselected patient groups over time. Moreover, 
when assessing the risk of cancer among patients with 
ulcerative colitis, surveillance bias is an additional 
concern as these patients will have more regular con- 
tact with any health care system than the normal pop- 
ulation. Focusing on mortality instead of cancer mor- 
bidity is one way to avoid this problem. 

In the classical report from 1971, a long-term fol- 
low-up of all pediatric cases of ulcerative colitis 
treated at the Mayo Clinic demonstrated decreased 
long-term survival compared to the general popula- 
tion.1 The  excess mortality was confined to the pa- 
tient group left with an intact colon, and death re- 
suiting from colorectal cancer was the main reason for 
the decreased survival in this patient group. Similar 
findings have been reported from Sweden where a 
somewhat decreased long-term relative survival 
among patients with ulcerative colitis was demon- 
strated. 2 In a population-based study from Sweden, 
we were able to confirm an overall increased risk for 
cancer among patients with ulcerative colitis, 3 202 ob- 
served cases compared to 142.1 expected (standard in- 
cidence ratio [SIR] = 1.6; 95% confidence interval 
[CI] = 1.4 to 1.8). The standardized mortality ratio 
(SMR) was also increased, although to a somewhat 
lesser extent (SMR = 1.3; 95% CI = 1.1 to 1.6). Af- 
ter excluding colorectal cancer, the risk for cancer did 
not differ from that of  the general population (SIR 
= 1.0; 95% CI = 0.9 to 1.2) nor did the mortality rate 
(SMR = 1.0; 95% CI = 0.7 to 1.5). Colorectal cancer, 

therefore, seems to be the major cause of the in- 
creased morbidity and mortality in patients with ul- 
cerative colitis. Consistent with other studies we also 
found an increased risk of cancer of the bile ducts, 4,s 
but the number of cases was small and this increase 
was offset by a decreased risk for cancers of the respi- 
ratory tract and breast. The  former finding may be 
explained by the lower incidence of smoking among 
patients with ulcerative colitis. The latter finding has 
been shown in other studies, although the underlying 
reason for this remains unknown. 4,6 

The  risk of colorectal cancer in patients with ul- 
cerative colitis varies substantially in different studies. 
However, with the exception of studies from Copen- 
hagen, 7,8 an increased risk has been found in all stud- 
ies. The cumulative incidence 25 to 35 years after di- 
agnosis ranges from 8% 9 to 43 %,11 and standardized 
incidence ratios between 21° and 3011 have been re- 
ported. In the Danish studies, in which no increased 
risk was shown, this may in part be explained by the 
fact that left-sided colitis and pancolitis were analyzed 
together and coupled with a high rate of colectomy. 
It is important to note that there is an increased risk 
of colorectal cancer among Danish patients with ul- 
cerative colitis outside of Copenhagen. 12 

Besides duration of disease, extent of  disease at the 
time of diagnosis appears to be the most important 
factor for the risk of colorectal cancer in patients with 
ulcerative colitis. 13 Patients with proctitis do not dif- 
fer in risk compared with the normal population, even 
after analyzing rectal cancer as a single entity. This 
finding implies that it is not the inflammation alone, 
but some additional exposure is needed for a malig- 
nant transformation in patients with ulcerative coli- 
tis. There  is an increased risk of colorectal cancer 
among patients with left-sided colitis at diagnosis, 13 
but this risk is substantially lower compared to the 
risk among patients with pancolitis at the time of di- 
agnosis. Moreover, the latency period is 10 to 15 years 
longer compared to pancolitis before patients with 
left-sided colitis are at increased risk of colorectal can- 
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cer. W h e t h e r  this increased risk is because patients 
initially diagnosed as having left-sided colitis progress 
to pancolitis or the risk is present among patients with 
disease confined to the left colon remains unknown. It  
is important  to recognize that the extent of  disease in 
most studies published to date was assessed by barium 
enema. This  is a crude measurement,  perhaps not  ac- 
curate enough to clearly define patient groups at risk. 
In the future, assessment will require endoscopic eval- 
uation. I t  remains to be seen to what  extent that will 
affect risk estimates. 

To what  extent age of  onset is an independent  risk 
factor for colorectal cancer among patients with ul- 
cerative colitis remains controversial.  In our  s tudy 
from Sweden, we found that  there was a cumulative 
risk of  40% by 35 years after diagnosis in patients 
with a young age of  onset13; this risk is very close to 
that  reported f rom the Mayo Clinic in patients less 
than 15 years of  age at the time of  diagnosis. More-  
over, fur ther  fol low-up of  patients in the Uppsala 
study revealed that 50% of  all patients with pancolitis 
diagnosed before the age of  15 years were diagnosed 
with colorectal cancer before the age of  50. These  
findings suggest that prophylactic proctocolectomy in 
this patient  group might  be appropriate. I t  has also 
been proposed that  patients with ulcerative colitis are 
at maximum risk for development of  colorectal cancer 
at approximately 50 years of  age regardless of  the age 
of  onset  or  durat ion of  disease. 14 In the only other  
study in which this was analyzed, there was, however, 
an increased risk persisting in all age groups, even 
among patients with ulcerative colitis after age of  70 
years, which seems to refute that  hypothesis. 13 

In conclusion, colorectal cancer in patients with ul- 
cerative colitis is the only malignancy that has any im- 
pact on overall cancer-related morbidi ty or mortality. 
Durat ion and extent of  disease and perhaps age of  on- 
set  are the only  risk factors that  have been clearly 
identified. 
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How Reliable/Valid Is Dysplasia in Identifying 
At-Risk Patients With Ulcerative Colitis? 

Robert H. Riddell, M.D., ER.C.Path, ER.C.PC. 

Patients with ulcerative colitis at greatest risk of 
developing carcinoma are those with the greatest 
anatomic extent of disease--especially disease extend- 
ing proximally to the splenic flexure. In these patients 
the risk of carcinoma increases in conjunction with 
the total duration of disease, with the risk beginning 
to increase after approximately 7 to 10 years of dis- 
ease. Within this group, patients whose disease began 
in childhood are at greatest risk.~ It has been esti- 
mated that this risk is greatest in patients with pan- 
colitis in whom the cumulative incidence has been es- 
timated at 25%. ~ Other factors associated with an in- 
creased risk include primary sclerosing cholangitis 
and possibly low serum folate levels. Recent data have 
suggested that patients who have had a cholecystec- 
tomy are also at increased risk. 2 

This report examines the reliability and validity of 
histologically demonstrated dysplasia in identifying 
at-risk patients with ulcerative colitis. Factors affect- 
ing the reliability of dysplasia in ulcerative colitis in- 
clude the following: 

1. The definition of dysplasia 
2. Problems with the diagnosis of dysplasia, par- 

ticularly its diagnosis in the presence of inflam- 
mation, the need for full-thickness mucosal in- 
volvement for the diagnosis of dysplasia, and the 
distinction between adenomas and dysplasia- 
associated lesions or masses (DALM) 

3. Interobserver variability 
4. The sampling problem 
5. Absence of dysplasia in some carcinomas 
6. The need for an alternative "gold standard" for 

dysplasia (e.g., molecular biology or increased 
ability to detect dysplasia at colonoscopy) 

7. Analyses of combined series from the literature 
(pseudometa-analysis) as a basis for therapy 

8. Differing philosophies concerning the timing 6f 
colectomy 

Definit ion of  Dysplasia 

Dysplasia is an unequivocally neoplasic lesion and 
excludes anything that might be considered repara- 
tive; it may also represent the superficial part of an in- 
filtrating adenocarcinoma. 3 Although "an unequivo- 
cally neoplastic lesion" is fine in theory, this reasoning 
is circuitous because neoplastic lesions, whether inva- 
sive or not, are also by definition dysplastic. In prac- 
tice, dysplasia is a morphologic diagnosis that is based 
on a largely subjective interpretation of the similarity 
of nuclear and cytologic features to adenomas and 
their morphologic variants. While there are objective 
descriptors for the distinction between high-grade 
and low-grade dysplasia, there is also a subjective 
component that is, to a large extent, dependent on in- 
dividual experience. 

Problems With  the Diagnosis of  Dysplasia 

Although the diagnosis of dysplasia is seemingly 
straightforward, problems remain including those de- 
scribed below. 

Diagnosis in the Presence of lnflammation. Usu- 
ally inflammation does not involve dysplastic mucosa, 
so that glands in which acute inflammation is present, 
or in which there is active regeneration in the same 
biopsy, should be treated conservatively unless overtly 
dysplastic. 

Need for Full-Thickness Mucosal Involvement for 
the Diagnosis of Dysplasia. Although evidence of 
full-thickness mucosal involvement is usually present, 
in some biopsies dysplasia can only be diagnosed with 
certainty because it is maximal at the surface. Some- 
times dysplasia is maximal at the base of the crypt with 
apparent surface maturation; this feature is therefore 
not completely reliable as a marker of reactive changes. 

Adenoma vs. DALM. This can be a problem from 
both a diagnostic and a management viewpoint. 
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Schneider and Stolte 4 attempted to distinguish be- 
tween adenomas and dysplasia using architectural dis- 
tortion in dysplasia to distinguish between them, with 
some success. Patients with ulcerative colitis are not 
immune to adenomas and in the adenoma age-beating 
range (e.g., >45 years old) they are quite acceptable. A 
practical approach to this is that if the lesion in ques- 
tion can be completely excised endoscopically and 
biopsies around the base are negative, there are cur- 
rendy no data suggesting that these patients are at in- 
creased risk for dysplasia or carcinoma, and they can 
likely be treated similarly to patients with a simple 
adenoma. However, should this occur in a young pa- 
tient (e.g., <40 years), an argument can be made that 
the lesion is likely the result of the colitic process, and 
possibly a DALM. However, such events are currently 
anecdotal. 

Interobserver Variabil i ty 

Variability among pathologists in the diagnosis of 
dysplasia, especially low-grade dysplasia (LGD), 
which is a critical node in the management algorithm, 
is considerable. 5-8 Fortunately, high-grade dysplasia 
(HGD) has less interobserver variability than LGD, 
and colectomy for indefinite dysplasia seems to be less 
of an issue if it really does have the same potential for 
current and subsequent risk of neoplasia as LGD. 

Any interobserver variability has the potential to 
cause problems. Whenever there is a grading system 
that has a subjective component, a typical distribution 
curve can be expected around a mean, and the ques- 
tion is how far out the tails go. For example, if the 
mean is exactly HGD,  then the tail may not extend 
beyond LGD, in which case there will be high inter- 
observer agreement. Alternatively if LGD, it could 
extend into the indefinite for dysplasia category (or 
lower) at one end or the H G D  category at the other. 
Disagreement means that some features are present 
that have not been seen by the pathologist of record 
or have been interpreted differently. In dysplasia both 
may apply. At the ends of any subjective spectrum, in 
this case no dysplasia or HGD,  higher agreement 
would be expected as disagreement can only go in one 
direction for each--that  is, higher in the case of no 
dysplasia and lower in HGD.  Anything higher than 
H G D  becomes invasive carcinoma because carcinoma 
in situ is included in that category. 

The Sampling Problem 

Dysplasia may be invisible or visible colonoscopi- 
cally, and if visible may be the superficial part of an 
invasive carcinoma, or a DALM if not obviously rec- 
ognizable as a carcinoma. However, if the dysplasia is 

invisible, detection relies on the presence of random 
biopsies. In contrast to Barrett's esophagus, where a 
relatively short length of esophagus is sampled inten- 
sively, this is not the case in ulcerative colitis. In ul- 
cerative colitis an invisible patch of dysplasia 2 cm in 
diameter has a surface area of 3.14 cm 2. Usually two 
biopsies are taken every 10 cm of bowel (100 cm2). To 
reasonably guarantee that the dysplasia will be de- 
tected would require 100/3.14 (= 32) evenly spaced 
biopsies every 10 cm. In a 100 cm length of bowel (a 
short colon), this would require 320 biopsies. The im- 
plications are far reaching: 

1. The more biopsies the better (e.g., 10 to 20 in 
four containers) 

2. If unequivocal dysplasia is found in one biopsy, 
the chances of the endoscopist performing a re- 
peat biopsy are remote. Repeating the biopsies 
"to confirm the diagnosis" is likely to be futile 
unless the dysplasia is widespread or multifocal. 

3. It can be expected that dysplasia "comes and 
goes" or appears to be reversible (present at one 
colonoscopy but not the next). 

The problem of cost for large numbers of biopsies 
remains despite a reduction in the fees for colon- 
oscopy. Increasingly, a compromise is to put large 
numbers of biopsies (e.g., 10 to 20) into four or five 
containers (or cassettes), one each from the right 
colon, transverse colon, left colon, and rectosigmoid. 
In addition, any endoscopic abnormality that could 
represent dysplasia, adenoma, or carcinoma is biop- 
sied. 

Absence of Dysplasia in Some Carcinomas 

Studies have suggested that approximately 20% to 
25% of clinical carcinomas (as opposed to those found 
incidentially at colonoscopy or in resection speci- 
mens) are associated with the absence of dysplasia. 
Reasons for this include the possibility that the inva- 
sive carcinoma may destroy a preceding lesion or may 
not be sampled histologically, even if present (the en- 
tire tumor would need to be sampled to determine 
this). The 20% figure may be lower for smaller pre- 
clinical cancers, where incidental dysplasia is more 
likely to be found, analogous to the likelihood of find- 
ing an adenomatous edge in small noncolitic carcino- 
mas. However, the possibility that there is a nondys- 
plastic alternative pathway must be considered and 
appears likely. In the stomach, "diffuse" types of car- 
cinoma including signet ring carcinoma have a very 
subde type of dysplasia that is probably not diagnos- 
able on biopsy. The same applies to endocrine carci- 
nomas. Both of these tumor types occur in colitis. 
These carcinomas can be very fast growing, infiltra- 
five, and plaquelike and could well account for ap- 
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proximately 10% of all colitic cancers. This implies 
that such tumors will always be a threat, although not 
necessarily a lethal one, and raises the issue of  the 
need for an alternative "gold standard" for the detec- 
tion of dysplasia. 

Need for Increased Ability to Detect  
Dysplasia or an Alte rna t ive  "Gold Standard" 
for Dysplasia 

Molecular markers are always a potential  gold 
standard to replace histology but have not yet become 
a reality. The  colitic pathway seems to be in the repli- 
cation error rather than oncogene/loss of suppressor 
gene pathway. However, replication error is common 
in nondysplastic mucosa in ulcerative colitis but so far 
has not been correlated with cancer risk, although it 
seems highly likely that it will be implicated. No spe- 
cific oncogene/gene product  yet predicts carcinoma 
better than dysplasia. 

Making the invisible visible endoscopically is a 
challenge. Targeted endoscopic biopsies have the 
highest yields. Endoscopic targets include plaques, 
villous areas, and odd polyps. Potential methods for 
increasing visibility include the use of porphyrins, for 
example, which can potentially be combined with 
photodynamic therapy. Magnification endoscopy may 
visualize mucosal irregularities that may be dysplastic 
or carcinomatous. Atypical areae colonicae may be a 
marker of dysplasia. All of these may be potentiated 
with dye spray techniques either at endoscopy or in 
oral electrolyte solutions such as polyethylene glycol. 
The  potential of cytologic studies, particularly as a 
source of DNA for molecular markers from colonic 
washes, seems great but this has yet to be realized. 

Val idi ty  of  Dysplasia as a Marker: Analyses o f  
Combined Series  F r o m  the  Literature 
(Pseudometa-Analysis) as a Basis for Therapy 

There  have been two analyses of combined series 
from the literature. 9,1° T h e  conclusions were that  
LGD is associated with approximately a 10% chance 
of an invasive carcinoma (as was epithelium indefinite 
for dysplasia, suggesting that the significance of this 
lesion has been underestimated). H G D  is associated 
with approximately a 40% chance. Although many of 
these series were not intended to be used in this man- 
ner, they are the best that  we have. Fur thermore ,  
L G D  may progress to H G D  or invasive cancer in 
54% of patients, 9 whereas approximately 40% of pa- 
tients with H G D  have cancer on resection. This has 
led to a distinct shift in management  so that colec- 
tomy is seriously considered once L G D  has devel- 
oped (diagnosed by a pathologist with an interest in 

this field) but also assumes that this can be accurately 
diagnosed. The  figures suggested by Bernstein et al. 9 
are as follows: 

Probability of  Carcinoma 

Immediate Subsequent 
Diagnosis c o l e c t o m y  colectomy 
DALM 43% (17/40) NA 
HGD 42% (10/24) 32% (15/47) 
LGD 19% (3/16) 8% (17/204) 
Indefinite NA 9% (9/95) 
No dysplasia NA 2% (11/595) 

P h i l o s o p h i e s  C o n c e r n i n g  the  T i m i n g  of  
Colectomy: Can Survei l lance  Work?  

In all studies there are flat cancers that are highly 
infiltrative and advanced when discovered, and these 
are rarely preceded by detectable dysplasia (e.g., 
signet ring, "diffuse-type carcinoma," endocrine car- 
cinoma). This  implies that unless they are detected 
early, some patients will die of carcinoma. The  best 
results in terms of the lowest risk of death from co- 
lorectal cancer, but tempered by refraining from per- 
forming unnecessary colectomies, are achieved by 
subscribing to the philosophy that the risk of a patient 
developing/dying from carcinoma is minimal if sur- 
veillance is carried out regularly, every 1 to 2 years, 
provided that none of the biopsies demonstrate dys- 
plasia. Colectomy is performed when dysplasia of any 
grade develops. Such a policy is currently being fol- 
lowed with success in Scandinavia. A summary of four 
such studies is revealing. 11-14 Together these articles 
followed 423 patients over 12 to 15 years. Of  eight 
cancers that developed, two were detected outside the 
program, two were found at the initial (screening) 
colonoscopy (Dukes' B and C), and four were de- 
tected while patients were under surveillance. One of 
these was stated to have no associated dysplasia and 
was classified as Dukes' A carcinoma, two were found 
incidentally in resections for dysplasia, both of which 
were classified as Dukes' A, and one patient initially 
refused resection for dysplasia but a Dukes' B carci- 
noma was found during a resection eventually per- 
formed for severe colitis. These types of studies sug- 
gest that with the use of current modes of follow-up, 
death from colorectal carcinoma in patients at risk is 
indeed minimized. 
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How Do We Assess the Value of Surveillance 
Techniques in Ulcerative Colitis? 

Charles N. Bernstein, M.D. 

This article addresses the following issues regard- 
ing endoscopic surveillance in ulcerative colitis: (1) 
endoscopic surveillance techniques; (2) outcomes 
from endoscopic surveillance based on the available 
literature; and (3) use of prophylactic colectomy as an 
alternative approach. Finally, some recommendations 
for the endoscopist will be made. 

E N D O S C O P I C  S U R V E I L L A N C E  
T E C H N I Q U E S  

Unfortunately, there is no standard approach to the 
process as exists for other screening techniques used 
in medicine. Screening mammography, for instance, 
is associated with relatively standard radiologic pro- 
cedures. In a questionnaire administered to 89 prac- 
ticing gastroenterologists in the Seattle and Los An- 
gles communities, as well as to senior gastroenterol- 
ogy trainees from across the Uni ted States, practi- 
tioners were specifically asked to document  their 
techniques. 1 It was found that 79% of physicians take 
two to four biopsies per site, 54% biopsy five to nine 
sites, and 36% biopsy at least 10 sites in the colon. 1 
However, some take one biopsy per site and some 
take only a single biopsy at one to four sites. A review 
of the literature reveals that a number  of studies have 
used 10 cm intervals. 2-9 For some patients with ulcer- 
ative colitis, this may represent only six sites. When  
reporting approach by sites, investigators have varied 
from 151° to 1211 to 1012 to nine 13 to six sites. 14 Some 
investigators have simply reported taking 20 biop- 
sies, 15 whereas others take two biopsies per site, 8,13,14 
three to four biopsies per site, 7 or even five to eight 
biopsies per site. 5 Unfortunately for endoscopists with 
tight endoscopy schedules, performing surveillance 
biopsies is tedious. Furthermore, a long and arduous 
biopsy process is especially taxing after the rush to 

reach the cecum. Nonetheless, it has been estimated 
that 64 biopsies are required to have a 95% certainty 
of finding the highest grade of neoplastic lesion when 
dysplasia is present.16 Thus  if endoscopic surveillance 
is to be pursued, endoscopists will have to recognize 
that more (biopsies) is better. After all, it has been es- 
timated that a set of 10 surveillance biopsies covers 
only 0.05 % of the surface area of the colon. 11 

Endoscopists typically submit biopsies for dysplasia 
assessment to their local pathologists. The  literature 
informs us that interobserver agreement  among 
pathologists considered experts at detecting dysplasia 
in ulcerative colitis can vary from 45% to 77%. 17,18 
The  agreement is better for high-grade dysplasia vs. 
low-grade or indeterminate dysplasia but is far from 
perfect even for high-grade dysplasia. The  primary is- 
sue then is not that we cannot trust our local pathol- 
ogists to be correct in their morphologic diagnoses 
but rather that we may simply be expecting too much 
of them. Thus,  there is "safety in numbers" and de- 
spite a general understanding that agreement between 
two pathologists on a diagnosis of dysplasia is desir- 
able, only 43 % of physicians ask for a second opinion 
regarding morphologic findings. 1 

Outcomes From Endoscopic Dysplasia 
Surveillance Studies 

Although no randomized controlled study of en- 
doscopic surveillance vs. no surveillance has been or 
will likely ever be done, there are a number  of studies 
that allow us to understand the implications of mak- 
ing the diagnosis of dysplasia. One study presented a 
synthesis analysis of the literature published by early 
1994,19 and two later studies corroborated the find- 
ings in this literature review. 13,1s At initial endoscopy 
for dysplasia/cancer surveillance, dysplasia or cancer 
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will be found in approximately 10% of subjects. 1s,19 
This  removes a large burden of the ultimate load of 
patients in any one practice who may ultimately de- 
velop neoplasia. If  the initial endoscopy findings are 
negative for dysplasia, then only approximately 3 % of 
subjects will ultimately develop neoplasia when fol- 
lowed o v e r  t ime .  1s,19 Hence, endoscopists may note 
that in any one clinical practice of dysplasia surveil- 
lance, dysplasia is infrequently diagnosed. 

Unfortunately, the literature reports that if low- 
grade dysplasia is the indication for colectomy, a can- 
cer may already be present in 19% of cases. 19 Subjects 
with low-grade dysplasia who undergo further sur- 
veillance endoscopy have a high likelihood of ulti- 
mately progressing to a highly neoplastic lesion (high- 
grade dysplasia, dysplasia-associated lesion or mass 
[ D A L M ] ,  o r  cancer )  16%,  19 350/0,13 o r  u p  to  54% 18 of 
the time. If high-grade dysplasia or DALM is the in- 
dication for colectomy, a cancer may already be pre- 
sent in 40% to 45% of cases, and of these cancers, 
50% are Dukes'  stage C or D. 19 Others  have esti- 
mated an even higher rate of cancer progression from 
these lesions.IS The  finding of dysplasia may come too 
late. This  is not  widely known as only 54% of ques- 
tionnaire respondents suspected that more than 20% 
of cases of high-grade dysplasia would be associated 
with concurrent cancer. 1 For indefinite dysplasia, 20% 
to 30% of subjects will ultimately have an ominous le- 
sion found (high-grade dysplasia, DALM, or can- 
cer) ,  19 and thus subjects with this diagnosis must  be 
rigorously followed up because of their indefinite sta- 
tus. 

Important Caveats to Bear in Mind. Although it 
can be reassuring that if the initial dysplasia surveil- 
lance endoscopy is negative that the risk of progres- 
sion to dysplasia or cancer when followed over time 
may be as low as 3 %, there are special circumstances 
that  clinicians must  bear in mind. First, there is a 
paucity of  hard data in the literature specific to pa- 
tients in the higher risk groups (disease duration >25 
years). Since approximately 10% of patients have dys- 
plasia or cancer at their first surveillance colonos- 
copy, 18,19 this implies that  the neoplasm has been 
evolving prior to the typical surveillance initiation 
date of at least 8 years. Furthermore, it has been re- 
ported that  some patients presented with cancer 
within 1 to 2 years of their last negative dysplasia sur- 
veillance colonoscopy. 18 Thus  for some patients pro- 
gression of  the neoplasm does not  follow as slow a 
course as is typically expounded. In approximately 
25 % of colorectal cancers in ulcerative colitis, dyspla- 
sia was not  found in the colectomy resection speci- 
mens. 18,2°,21 Al though the true sensitivity of the 
process is unknown, these caveats underscore the no- 
tion that  it is simplistic to view the ulcerative coli- 

tis-cancer progression as one that only begins after 8 
to 10 years of disease, that  in flat mucosa random 
biopsies will likely find it, and finally that dysplasia 
evolving to cancer always develops slowly enough that 
annual or biennial colonoscopies are frequent enough. 

P rophy lac t i c  Colectomy 
In the 1960s, an era prior to the establishment 

of dysplasia surveillance, prophylactic colectomy was 
viewed as an approach to solving the ulcerative 
colitis-cancer evolution problem. Twenty to 30 years 
later, despite the limited success of dysplasia surveil- 
lance and the confusion that surrounds even the def- 
inition of dysplasia, physicians are very reluctant to 
consider prophylactic colectomy as an option, l Ac- 
cording to one report, only 26% were willing to con- 
sider it.1 For some cases of absolutely asymptomatic 
patients with disease durations of 20 years or more, it 
is easy to see how a laparotomy and the possibility of 
an ileostomy could be "a difficult sell." As long as the 
physician has discussed all of the pitfalls of dysplasia 
surveillance with these patients and involved them in 
the decision-making process, the physician can then 
share the burden of decision with these patients. Pa- 
tients who have chronic niggling symptoms or inter- 
mit tent  moderate-to-severe flare-ups of disease, or 
who are increasingly frustrated by the cost or nuisance 
of taking regular 5-aminosalicylates, may be ideal can- 
didates for a "prophylactic" colectomy. Thei r  colitis 
symptoms alone may not  be absolute indications for 
colectomy, but the discussion of the rising cancer risk 
and the fallibility of the dysplasia surveillance process 
may tip the balance in favor of surgery. A recently pub- 
fished Markov model of fife expectancy found that pro- 
phylactic colectomy would add 2 to 10 months of life 
per patient compared with any surveillance scheme 
and 1.1 to 1.4 years compared with no surveillance. 22 
The  life expectancy benefit of prophylactic colectomy 
compared very favorably with that of other accepted 
practices (e.g., annual Pap smears for cervical cancer 
beginning at age 20 years adds 3 months  of life per 
patient). 

As more  hard data are accrued on patients who 
have had ulcerative colitis for more than 25 years and 
their true risk of developing cancer, physicians will be 
able to make more informed decisions as to the ab- 
solute necessity for prophylactic colectomy as op- 
posed to its being used simply because of the fallibil- 
ity of the current alternative. After all, we insist that at 
some point patients with familial adenomatous poly- 
posis have colectomies and we at times have seen pa- 
tients who have mastectomies because of indetermi- 
nate mammograms,  particularly in the setting of 
widespread fibrocystic diseases. Perhaps the risk of 
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colorectal cancer in long-standing ulcerative colitis 
will fall somewhere in between these two examples. 

Recommendations for Endoscopic Dysplasia 
Surveillance 

At the present time, the assumption is that dyspla- 
sia surveillance colonoscopy is a rational choice, at 
least until some of the newer markers are proved to 
be easily accessible through blood or stool tests, or are 
more easily identifiable via endoscopy, without or de- 
spite the blind random sampling approach currently 
being used. Despite the caveats discussed earlier in 
this report, it is incumbent that we choose some ap- 
proach that is rational for the majority of patients. 
The following recommendations are made with this 
in mind. 

Technique 
1. If a patient is undergoing a colonoscopy for any 

reason prior to 8 years of disease, multiple biop- 
sies should be obtained from multiple sites. 
These should be sent to the pathologist for as- 
sessment of dysplasia. This may be most applic- 
able to patients whose history suggests the pres- 
ence of disease that has smoldered for years 
prior to the actual diagnosis. If these biopsies 
are negative for dysplasia, standard surveillance 
should be instituted as usual (after 8 years from 
diagnosis). 

2. At 8 years of disease, the surveillance approach 
should be initiated after a detailed discussion 
with the patient of the pitfalls of the process. In 
particular, the patient should be informed that 
there is a possibility that if dysplasia is found, 
cancer may already be present. Furthermore,  
for the patient with chronic active symptoms, 
colectomy might be given stronger considera- 
tion since active inflammation may compromise 
the accuracy of dysplasia surveillance. 

3. As many biopsies as possible should be ob- 
tained. The  landmarks of the colon can be fol- 
lowed if it is still intact or, if not, the 10 cm rule 
can be applied, but at least eight sites should be 
biopsied with at least four large-cup biopsies per 
site. There is no point in using the commonly 
used 2.8 mm channel forceps if the point of the 
exercise is to randomly obtain tissue. When the 
sigmoid colon and rectum are reached, an in- 
creased number of biopsies should be obtained 
since these are sites with a higher incidence of 
colorectal cancer in ulcerative colitis. 

4. If  the pathologist reports finding indefinite, 
low-grade, or high-grade dysplasia, a second 
opinion should be requested from a pathologist 
with extensive experience with dysplasia in ul- 
cerative colitis. 

Postendoscopy Surveillance Decisions 
1. If the initial endoscopy findings are negative, af- 

ter 8 years surveillance should be performed every 2 
or 3 years until 20 years of disease. At 20 years, the 
frequency of surveillance should be increased to an- 
nually. 

2. If low-grade or high-grade dysplasia or DALM 
is diagnosed, then colectomy is recommended. The  
patient should understand that there is a high likeli- 
hood that cancer is already present at that point. Per- 
haps endoscopists and patients would be better served 
by the following grading scheme: dysplasia present, 
dysplasia absent, and indefinite for dysplasia. Al- 
though this is an issue for pathologists to consider, en- 
doscopists need to be aware that any grade of definite 
dysplasia can be associated with concurrent cancer. 

3. If the result is "indefinite for dysplasia," then 
endoscopy should be repeated within 2 months and 
an increased number of biopsies should be obtained 
compared with the previous endoscopy. If the indefi- 
nite diagnosis arose in the face of active inflammation, 
then the inflammation should be treated more ag- 
gressively and the surveillance endoscopy repeated 
within 6 months. 

4. At 20 years of disease, when the risk of cancer 
rises exponentially, the pitfalls of  the surveillance 
process should again be discussed with the patient. 
The  option of prophylactic colectomy should also be 
presented. It is important that the patient be involved 
in the decision as to how to proceed. 
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Management of Dysplasia in Ulcerative Colitis: 
Is Prophylactic Colectomy the Preferred Strategy? 
Tony Axon, M.D., ER.C.P. 

It is well recognized that there is an increased inci- 
dence of colorectal cancer in patients who have had 
total or extensive colitis. The risk begins to rise after 
approximately 10 years and increases in the years sub- 
sequently. As a result of this, in the early 1960s pa- 
tients with extensive ulcerative colitis were often ad- 
vised to undergo colectomy 10 years after their initial 
attack. When  it was recognized that in many cases 
cancer is preceded by a dysplastic change in the rectal 
mucosa, this policy was changed. With the introduc- 
tion of colonoscopy, which enabled the entire colon 
to be viewed and biopsied, the practice of surveillance 
colonoscopy was instituted as the logical means of 
managing patients with long-standing extensive coli- 
tis. Over the past 5 to 10 years, a number of studies 
have been reported indicating that this approach may 
reduce the number of patients who are likely to die of 
cancer; however, no controlled study has been carried 
out and when the published works are reviewed in de- 
tail, it is apparent that, in fact, few lives are saved by 
employing this approach. 1 The  question of early 
colectomy therefore needs to be reconsidered. 

P R O P H Y L A C T I C  C O L E C T O M Y  A N D  
U L C E R A T I V E  C O L I T I S  

At present, colectomy is undertaken for high-grade 
dysplasia or dysplasia-associated lesions or masses. 
Few would argue with this approach because the like- 
lihood of cancer in high-grade dysplasia is 32% and in 
dysplasia-associated lesions or masses it rises to 43 %.2 
However, the problem with this approach is that it re- 
lies on surveillance colonoscopy to detect the dys- 
plastic change and this has been shown to be less than 
satisfactory. 

As a result of this Bernstein et al., 2 after reviewing 
the literature, commented that "immediate colectomy 
is essential for all patients diagnosed with high-grade 
or low-grade dysplasia." This raises doubts as to the 
value of the diagnosis of low-grade dysplasia and the 
following questions need to be asked: Is this condi- 

tion predictive of cancer, can it be diagnosed reliably, 
and what is the likelihood that an individual patient 
with ulcerative colitis will develop low-grade dyspla- 
sia? The data reviewed by Bernstein et al. 2 from the 
10 studies when analyzed independently suggest that 
patients who developed low-grade dysplasia had an 
8% likelihood of developing cancer, those who were 
indefinite for dysplasia had a 9% likelihood, and in all 
patients the likelihood was 5.5%. These figures do 
not support the view that low-grade dysplasia is a par- 
ticularly good predictor of cancer. Indeed, even when 
the diagnostic criteria are tightened up and biopsies 
are carefully reviewed by experienced pathologists, in- 
terobserver agreement is poor. Connell et al. 3 re- 
ported agreement in 82% of cases where no dysplasia 
was present; however, agreement for indefinite dys- 
plasia was only 19%; for low-grade dysplasia, 43%; 
and for high-grade dysplasia, 42 %. In all cases of dys- 
plasia there was disagreement more often than agree- 
ment. 

Another difficulty with low-grade dysplasia is that 
if patients are followed for a long period of time, vir- 
tually all of them will in the end develop low-grade 
dysplasia. 4 Again the diagnosis of low-grade dysplasia 
is dependent on patients being prepared to undergo 
surveillance colonoscopy and the weaknesses inher- 
ent in this approach. Indeed in the study referred to 
earlier, 1 where 12 surveillance studies were combined 
to include 1916 patients, although 92 cancers were 
described, only 39 were discovered as a result of clin- 
ical follow-up. If the success rate is limited just to 
those who underwent colonoscopic screening, only 11 
(12 %) were successfully identified by colonoscopy 
preoperatively. This represents a success rate of only 
1 per 476 colonoscopies. 

C O L E C T O M Y  F O R  ALL P A T I E N T S  W I T H  
U L C E R A T I V E  C O L I T I S  A T  10 YEARS 

An alternative approach is not to wait until the dys- 
plasia is discovered but to routinely perform colec- 
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tomy in all patients with ulcerative colitis 10 years af- 
ter the onset of extensive colitis. Under  these circum- 
stances, we would have to ask the following questions: 
(1) If  this policy were adopted,  how many cancers 
would be prevented; (2) what would be the quality of 
life; and (3) what  would be the benefit  in terms of 
cost? N o  study has been undertaken to assess how 
many cancers would be prevented by this approach, 
and we must therefore rely on the published data that 
are currently available. One logical approach would 
be to analyze studies in which colonoscopie surveil- 
lance was undertaken and to see what  would have 
happened had the patients been operated on rather 
than submitted to surveillance. Unfortunately, there 
are no controlled studies to address this issue. How- 
ever, the study by Choi et al. 5 is particularly valuable 
because it included not  just those patients who had 
undergone eolonoseopie surveillance but also those 
patients who presented to the clinic with cancer who 
had not  been admitted to the surveillance protocol; 
that is, it included the whole range of  patients who 
developed cancer in a single service. Altogether 41 
cases of cancer were diagnosed over the study period, 
19 in the surveillance group and 22 found retrospec- 
tively. If  we are to determine the success of eolectomy 
at 10 years, we should include as successes all those 
still alive following surgery and all those who have 
since died but in whom surgery could have been un- 
dertaken earlier. If  one analyzes the 41 cases of ulcer- 
ative colitis cancer in the series of Choi  et al., s 11 
would not  have been operated on anyway because 
these patients either had only left-sided colitis or de- 
veloped their cancer less than 10 years after the onset 
of colitis. An additional eight patients died following 
the first colonoscopy in which the cancer was identi- 
fied. It follows that surgery would not  have been un- 
dertaken any earlier in these patients because they had 
not  been submitted for surveillance earlier. Overall, 
of the 41 cases of ulcerative colit is-related cancer, 
there would have been 22 successes out of 41 cancers. 
This  is not a high success rate and, in fact, when the 
data are examined, once again it must  be noted that 
only one additional cancer patient would have been 
saved by early colectomy rather than surveillance. It is 
difficult to know how many operations would have 
been performed; since 213 patients were submitted 
for surveillance, that would be the lowest number. 

Q U A L I T Y  O F  L I F E  A F T E R  S U R G E R Y  

Only one study comparing patients with ulcerative 
colitis treated with medical as opposed to surgical 
therapy has been undertaken. 6 This  study compared 
95 patients who were attending a joint medicosurgieal 
colitis clinic who had not undergone surgery with 103 

patients in whom restorative proctocolectomy had 
been carried out (five of whom had had familial ade- 
nomatous polyposis). Mean ages in the two groups 
differed, with restorative proctoeoleetomy patients 
having a mean age of 34 years and medically treated 
patients a mean age of 42 years. A questionnaire was 
distributed to these two groups with varying results. 
Frequency of bowel action was statistically greater in 
those who had had surgery compared with those who 
were receiving medical treatment. Similarly, noctur- 
nal defecation was also more common  in the surgi- 
cally treated group. Conversely, urgency was worse in 
those treated medically compared to the surgically 
treated group, and the overall functional scores were 
better in those undergoing restorative proctoeolec- 
tomy. More patients complained of sexual dysfunction 
in the medical than in the surgical group, realizing 
that the medically treated patients were older. The  
amount  of time lost from work was greater in those 
who had surgery than in those who received medical 
treatment. Although more people were taking med- 
ication in the surgical group compared to the medical 
group, more  of the latter were being treated with 
steroids. Overall quality of  life was better in those 
who had surgery than in those who cont inued on 
medical treatment. 

C O S T  B E N E F I T  

It is difficult to assess the cost benefit. Provenzale 
et al. 7 attempted to assess the effectiveness of different 
approaches using a mathematical model. They  found 
that prophylactic coleetomy would increase life ex- 
pectancy by 1.25 years and surveillance by 9.5 months 
overall. Those  findings have been criticized on a 
number  of grounds, but particularly because great re- 
liance was placed on low-grade dysplasia and thus 
90% of patients in the surveillance group would even- 
tually require operation. 

IS E I T H E R  C O L E C T O M Y  O R  
S U R V E I L L A N C E  C O L O N O S C O P Y  
N E C E S S A R Y ?  

Langholtz et al., s reported an inception cohort of 
1161 patients with ulcerative colitis. These patients 
had been treated with aggressive medical therapy, but 
with early resort to colectomy if this seemed appro- 
priate on clinical grounds. T h e  colectomy rate was 
32.4% at 25 years and the cumulative cancer inci- 
dence was 3.1% at 25 years. Over the entire cohort, 
the lifetime risk of colorectal cancer was not increased 
above the norm and of the six cases of cancer that did 
occur, three developed in patients with proctitis who 
would not  have undergone early coleetomy anyway. 
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This may be the most appropriate way to manage ul- 
cerative colitis. 

C O N C L U S I O N  

Surveillance followed by colectomy is of limited 
benefit. A policy of colectomy at 10 years or more, 
surprisingly, may not prevent all cancers. The quality 
of life after restorative proctocolectomy is acceptable. 
Workload and cost benefit are difficult to predict inas- 
much as little work has been done in those areas. 

Rigorous medical treatment with close follow-up 
and early colectomy in those in whom this seems clin- 
ically appropriate may be the best approach to this 
condition. Ulcerative colitis is a variable condition 
and patients themselves differ in terms of their hopes, 
aspirations, and expectations. An individual and flex- 
ible approach therefore is probably more desirable 
than a rigid protocol. 
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Characterization of Allograft Rejection in an 
Experimental Model of Small Intestinal 
Transplantation 
Michihiro Hayashi, M.D., Olivia M. Martinez, Ph.D., Sheri M. Krams, Ph.D., 
Washington Burns, M.D., Carlos O. Esquivel, M.D., Ph.D. 

Graft rejection continues to be a major barrier to the success of clinical small intestinal transplantation. 
The objective of this study was to characterize histopathologic and immune parameters of allograft re- 
jection in an experimental model of small intestinal transplantation. Heterotopic intestinal transplants 
were performed in allogeneic and isogeneic rat strain combinations. An additional group of allogeneic re- 
cipients was treated with tacrolimus (1 mg/kg/day) for 7 days beginning on posttransplant day 1. Recip- 
ients of allografts and isografts were killed on days 1 to 7 following transplantation, and tacrolimus- 
treated allograft recipients were killed on days 4 and 7. Grafts and native intestines were examined for 
histopathology and cytokine gene expression. Very early rejection was observed on posttransplant day 3 
and severe rejection was apparent by day 7. The key histopathologic features of acute graft rejection in- 
cluding apoptosis, crypt epithelial cell injury, and an inflammatory infiltrate were uniformly identifiable 
on day 4 and progressed in severity through day 7. Interleukin (IL)-2, IL-4, IL-5, IL-6, interferon-~/ 
(IFN-~/), and tumor necrosis factor-~ mRNA were readily detectable in allografts on days 1 to 7. How- 
ever, only IFN-~/mRNA showed a significant early and sustained increase in allografts as compared to iso- 
grafts and native intestine. Treatment of allograft recipients with tacrolimus abrogated the major 
histopathologic features of rejection and markedly inhibited IFN-~/gene expression. These results indi- 
cate that graft rejection in small intestinal transplantation is characterized by a local and specific immune 
response marked by WN-~/production that results in crypt epithelial cell injury and apoptosis. Tacrolimus 
abrogates the histopathologic features of rejection in association with a marked inhibition of IFN-~/gene 
expression. (J GASTROINTEST SURG 1998;2:325-332.) 

The  clinical success of small intestine transplanta- 
tion (SIT) has been hampered by the high incidences 
of acute rejection and posttransplant lymphoprolifer- 
ative disorder. 1 The  enhanced immunogenici ty of  
small intestine grafts has been attributed to massive 
stimulation by the abundance of lymphocytes and 
antigen-presenting cells within the graft. Treatment 
with tacrolimus has improved the outcome of SIT; 
however, the need to use aggressive immunosuppres- 
sive regimens to ablate graft rejection has resulted in 
a high incidence of posttransplant lymphoprolifera- 
tive disorder in SIT recipients) Furthermore, the di- 
agnosis of rejection is difficult since there is no spe- 
cific clinical picture and no serologic indicator. 3 
Histopathologic examination of mucosal biopsy spec- 

imens from intestinal allografts is the primary method 
for assessing mucosal integrity and has been verified 
as a useful means of monitoring for the onset of re- 
jection. 4 

The cellular and molecular events leading to rejec- 
tion of SIT allografts have not been clearly estab- 
lished. McDiarmid et al. 5 demonstrated, by reverse 
transcription-polymerase chain reaction (RT-PCR) 
analyses, that the cytoldnes interleukin (IL)-2, inter- 
feron-7 (IFN-~/), IL-6, and tumor necrosis factor-ct 
(TNF-ct) are specifically upregulated in allografts 
taken from Lewis rat recipients of Lewis x Brown- 
Norway F1 intestine. However, Toogood et al., 6 using 
similar techniques in a D-A to Lewis rat model of  
SIT, found that IFN-~/was the only cytokine that was 
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specifically upregulated in the gut wall of allografts. 
The latter study suggests that the molecular mecha- 
nisms of SIT allograft rejection may differ from that 
of other vascularized organs. 

Since histologic examination of biopsy specimens 
is critical to the clinical management of SIT recipi- 
ents, we sought to directly correlate the pathologic 
changes observed during allograft rejection with the 
expression of intragraft cytokines in an experimental 
model of rat SIT transplantation. Furthermore, we 
analyzed the effect of tacrolimus, the major immuno- 
suppressive agent for SIT recipients, on the expres- 
sion of intragraft cytokines. 

MATERIAL A N D  M E T H O D S  
Animals 

Six- to 8-week-old male inbred Lewis rats (RT11) 
and male inbred August Copenhagen Irish (ACI) rats 
(RTla), weighing 200 to 240 g, were purchased from 
B&K Universal Inc. (Fremont, Calif.). MI animals had 
access to water and standard laboratory chow ad libi- 
rum and were housed in accordance with institutional 
animal care policies. MI experiments were performed 
with prior approval and in accordance with the guide- 
lines of the Administrative Panel on Laboratory Ani- 
mal Care of Stanford University. 

Small Intestinal Transplantation 
Donor and recipient surgery was performed asep- 

tically under anesthesia induced with 50 mg/kg in- 
traperitoneally of pentobarbital (Nembutal, Abbott 
Laboratories, North Chicago, Ill.). The allogeneic 
combination consisted of ACI (RT10 donors and 
Lewis (RT10 recipients, whereas Lewis rats were 
both donors and recipients in the isogeneic trans- 
plants. An additional group of allogeneic recipients 
was treated with tacrolimus (1.0 mg/kg/day, Fujisawa 
Pharmaceutical, Osaka, Japan) on days 1 to 7 follow- 
ing transplant. Preliminary experiments determined 
that this regimen was effective in abrogating rejection 
as determined by histopathologic criteria. Food was 
withheld from both donor and recipient animals for 
24 hours prior to surgery. For the donor operation, 
the entire length of small intestine from the ligament 
of Treitz to the ileocecal valve was harvested and 
flushed intraluminally with cold (4 ° C) lactated 
Ringer's solution containing 0.5% neomycin sulfate. 
The small intestine was preserved in cold (4 ° C) lac- 
tated Ringer's solution for 60 minutes. Small intesti- 
nal grafts were transplanted heterotopically with end- 
to-side aortoaortic and portocaval anastomoses using 
the technique described by Monchik and Russell. 7 
The proximal and distal ends of the graft were exteri- 

orized as stomata to the right flank. There was no dif- 
ference in duration of cold and warm ischemia time 
between the isogeneic and allogeneic transplant 
groups. After transplantation, all animals received 1.0 
mg of gentamicin subcutaneously. SIT recipients 
were examined daily for general condition and 
changes in body weight. 

Specimens 
Groups of three to five animals, in both the allo- 

geneic and isogeneic groups, were killed daily (days 1 
to 7). Groups of tacrolimus-treated animals were 
killed on postoperative days 4 and 7. Macroscopic ex- 
amination revealed no evidence of infection in recip- 
ient animals. Specimens from the proximal, mid, and 
distal portions of both the small intestinal graft and 
the native intestine were obtained. A portion of each 
section was fixed in 10% neutral buffered formalin for 
histologic examination, and the remainder of each 
section was snap-frozen and subsequently stored at 
-70  ° C for molecular analyses. 

Histology 
Tissue samples for histologic examination were 

embedded in paraffin, sectioned at 4 ~m, and stained 
with hematoxylin and eosin. M1 samples were sub- 
jected to blinded histopathologic examination by a 
single pathologist using previously established crite- 
ria. 8 Briefly, the histopathologic features that were ex- 
amined included (1) villous changes including height, 
blunting, mucin depletion, hemorrhage, and necro- 
sis, (2) crypt epithelial injury including apoptosis, 
(3) cryptitis, (4) inflammatory infiltrate including 
eosinophilia, and (5) vasculitis. Graft rejection in this 
model was defined as the presence of the characteris- 
tic lymphoid infiltrate, crypt epithelial cell injury, and 
apoptosis. 

RNA, cDNA, and Polymerase Chain  Reaction 
The midportions of both the graft and the native 

intestine were used for molecular analyses. Total RNA 
was prepared as previously described. 9 Briefly, 50 to 
100 mg of frozen tissue was minced in 1.0 ml of de- 
naturing solution (TRIzol reagent, GIBCO Labora- 
tories and Life Technologies, Inc., Gaithersburg, 
Md.) and homogenized at room temperature in a 
ground-glass tissue grinder. After a 5-minute incuba- 
tion, 0.2 ml of chloroform was added, and the sam- 
ples were centrifuged at 12,000 x g for 15 minutes at 
4 ° C. RNA in the aqueous phase was precipitated by 
isopropanol, washed, air dried, and dissolved in 15 Ixl 
of RNase-free water. The RNA was quantitated by 
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spectrophotometry and the integrity of the RNA con- 
firmed by detection of the 28S and 18S RNA bands 
following agarose gel electrophoresis, cDNA was pre- 
pared by reverse transcription of 1.0 I~g of total cellu- 
lar RNA using avian myeloblastosis virus transcrip- 
tase as previously described. 1° Amplification of tran- 
scripts for IL-2, IFN-~/, IL-4, IL-5, IL-6, and TNF- 

was accomplished by RT-PCR essentially as previ- 
ously described. H Amplification of rat 13-actin was 
used as an internal control. Samples were amplified in 
a thermal cycler (MJ Research, Watertown, Mass.) 
with an initial denaturation at 94 ° C for 3 minutes fol- 
lowed by 35 to 50 cycles of a 30-second 94 ° C denat- 
uration, a 30-second 55 ° C annealing of primers, and 
a 60-second extension of primers at 72 ° C. Negative 
controls consisted of PCR mixtures without cDNA 
subjected to the same amplification program as ex- 
perimental samples. PCR products were identified by 
electrophoresis in 2 % agarose gel in 1 × Tris-Borate- 
EDTA buffer with 0.5 ~g/ml ethidium bromide and 
ultraviolet illumination. The DNA ladder obtained by 
the HaeIII digest of ox174 was used for molecular 
weight markers. Arbitrary units were determined for 
each cytokine by comparison to 13-actin as a house- 
keeping gene. 

Statistics 

Results are expressed as a mean value of at least 
three animals at each time point. Data analysis was 
performed by Student's t test. P values <0.05 were 
considered statistically significant. 

RESULTS 
Histology of  Small Intestinal Grafts 
and Native Intest ine 

Microscopic examination of graft tissue obtained on 
days 1 and 2 following transplantation showed non- 
specific changes associated with surgical inflammation 
and preservation injury and were not included in the 
histopathologic review. Table I summarizes the major 
histopathologic features observed in allografts as com- 
pared to isografts and native intestine on days 3 to 7 
post transplantation. Histopathologic signs character- 
istic of early rejection, including mild infiltration of 
the villi, crypt cell apoptosis, and lymphoblast-like 
cells around the base of crypts, were initially detected 
on day 3 after allogeneic SIT. On day 4 these manifes- 
tations of early rejection, in addition to cryptitis and 
more characteristic infiltration in the villi, crypts, and 
lamina propria, were evident in all animals (Fig. 1, A). 
In contrast, allograft recipients treated with tacrolimus 
showed no or slight mixed infiltrate in the crypts and 
lamina propria and no epithelial injury (Fig. 1, B). 

Apoptosis was a major feature in early rejection 
and, as rejection proceeded, resulted in dissolution of 
crypt epithelium. By day 5, changes associated with 
mild rejection were established histologically. His- 
topathologic features progressed to moderate-to-se- 
vere rejection on day 6 and included hemorrhagic 
necrosis of villi, crypt necrosis, apoptosis, epithelial 
damage with a marked infiltrate, and occasional 
serosal fat involvement. On day 7 severe rejection 
changes characterized by blunted villi, epithelial 
necrosis with hemorrhage and focal ulceration, and a 
severe inflammatory infiltrate were apparent (Fig. 2, A 
and B). The characteristic cellular infiltrate was com- 
posed predominantly of mononuclear cells with large 
numbers of blast-like or activated lymphocytes. The 
infiltrate appeared early, at or near the base of the 
crypts. As rejection progressed, the infiltrate became 
more widely dispersed and included the lamina pro- 
pria and serosal fat. Variable numbers of neutrophils 
and eosinophils were also detected in the infiltrate. 

Tacrolimus treatment ameliorated the histopatho- 
logic features of rejection. Villi were intact but 
showed some blunting (Fig. 2, C). Crypts had no 
necrosis and the infiltrate was minimal or absent (Fig. 
2, D). Isografts showed no changes, except mild 
preservation injury up to day 3, with gradual recov- 
ery by day 7 (data not shown). Likewise, native intes- 
tine from rats that underwent allogeneic or syngeneic 
SIT showed no remarkable changes histopathologi- 
cally. The characteristic manifestations of graft-ver- 
sus-host disease, such as 20% of greater weight loss 
of preoperative body weight, skin rash, and cachexia, 
were not observed in any group. 12 Thus in a high-re- 
sponder allogeneic SIT model, specific histopatho- 
logic changes compatible with acute rejection were 
apparent by day 4, with progression to severe rejec- 
tion occurring by day 7. 

Cytokine Expression After SIT 

To determine the functional characteristics of graft 
infiltrating cells during allogeneic SIT, cytokine gene 
expression was examined. On day 1 post transplant, 
allografts and isografts had comparable levels of IL-2, 
IL-4, IL-5, IL-6, and TNF-0t transcripts, suggesting 
that nonspecific inflammatory events elicited very 
early cytokine expression. By day 2 or 3 post trans- 
plant the expression of IL-2 mRNA was slightly ele- 
vated in the intestine of allograft recipients, as com- 
pared to native intestine and isograft recipients, but 
the increase was not significant (Fig. 3, A). In contrast, 
message for IFN-~/was significantly and specifically 
increased in allografts by day 3 (P = 0.038) and re- 
mained elevated through posttransplant day 7 (P = 
0.041) (Fig. 3, B). 
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Fig. 1. Sections of allografts from untreated (A) and tacrolimus-treated (B) recipients on day 4 follow- 
ing small intestine transplantation. Allografts show features of rejection including an inflammatory in- 
filtrate in A and cry@&. Note apoptotic cells in A within the crypts. In contrast, tacrolimus-treated 
grafts show no epithelial injury and minimal inflammatory infiltrate. (Hematoxylin and e&n stain; orig- 

inal magnification X400.) 

Fig. 2. Sections of untreated (A and B) and tacrohmus-treated (C and D) allogtafts on day 7 foliowing 
small intestine transplantation. An inflammatory infiltrate distributed throughout the intestine and ex- 
tensive necrosis and ulceration are seen in allografts {A). Crypts within the allograft show epithelial 
necrosis, apoptosis (small arrows), and a marked infiltrate (large arrowhead) (B). Allografts from 
tacrolimus-treated recipients have intact vilb (C). Only a minimal infiltrate is seen within the c’ypts @). 
(Hematoxyhn and eosin stain; original magnification: A and B, X200; C, X 100; D, X400.) 
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Hg.  3. Temporal expression of intestinal IL-2 (A), IFN-~ (13), IL-6 (C), and TNF-et (D) mRNA after 
small intestine transplantation in allografts (II) ,  isografts (O), and native intestine from allograft recip- 
ients (0).  Data are expressed in relative units and represent the mean (n = 3 to 5) of all samples within 
each group. POD = postoperative day; AU = arbitrary units. 

Transcripts for the Th2 cytokines IL-4, IL-5, and 
IL-6 were detected in all small intestinal tissues. 
There was no difference in IL-4 gene expression in 
allografts, isografts, or native intestine (data not 
shown). A trend toward enhanced IL-5 and IL-6 gene 
expression was noted in allografts as compared to iso- 
grafts; however, the difference was not significant 
(Fig. 3, C). There was persistent and increasing ex- 
pression of TNF-e~ on days 3 to 7 following trans- 
plantation in allografts (Fig. 3, D). During the later 
phases of the rejection response (day 7), the expres- 
sion of TNF-~  was significantly elevated in allografts 
compared to isografts (P = 0.046). 

Effects o f  Tac ro l imus  on  In t ragraf t  
Cy tok ine  Expression 

The effects of tacrolimus on day 7 intragraft cy- 
tokine expression were evaluated by RT-PCR (Fig. 4). 
Allograft recipients that were treated with 1 
mg/kg/day of tacrolimus on days 1 to 7 following 
transplantation had decreased IFN-~/transcripts in 
the graft compared to allografts without tacrolimus 
treatment (P <0.01). IL-2 gene expression was also 
inhibited by tacrolimus. Indeed, IL-2 and IFN-~ 
transcripts in tacrolimus-treated allografts were de- 
creased to levels comparable to those in isografts re- 
ceiving no tacrolimus (data not shown). Tacrolimus 
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Fig. 4. Effects of tacrolimus on intragraft cytokine mRNA ex- 
pression in untreated allografts (stippled bar) and tacrolimus- 
treated allograft recipients (solid bar) on postoperative day 7. 
Data are expressed in relative units and represent the mean of  
all samples (n = 3 to 5) within each group. AU = arbitrary 
units; * = P ---0.05. 

treatment also inhibited TNF-c~ gene expression in 
day 7 allografts (P = 0.01). In contrast, tacrolimus 
treatment had minimal effect on expression of IL-4, 
IL-5, and IL-6 mRNA in allograft recipients. 

DISCUSSION 

In this study the relationship between histopatho- 
logic changes and cytokine gene expression was ana- 
lyzed in a rat experimental model of allogeneic het- 
erotopic SIT. Histologic examination revealed that 
Lewis rats engrafted with fully allogeneic ACI rat in- 
testine vigorously reject the graft within 7 days of 
transplantation. The first histopathologic changes 
characteristic of rejection, including apoptosis, mild 
infiltration of the villi, and focal infiltration at the base 
of the crypts, can be identified by the posttransplant 
day 3. These early changes were associated with 
marked expression of IFN-7 mRNA within the allo- 
graft. While IFN-7 gene expression persisted at high 
levels after day 3, the histopathologic changes pro- 
gressed rapidly until severe rejection was observed on 
day 7. During the later stages of rejection (days 6 to 
7), notable increases in the expression of TNF-~ tran- 
scripts were also observed. In agreement with other 
reports, 4,13 the features most indicative of rejection, 
when present together, were the characteristic lym- 
phoid infiltrate, apoptosis, and crypt epithelial injury. 

In addition, we examined the effect of tacrolimus 
on the characteristic histopathologic features of re- 
jection in relation to cytokine gene expression. We 
found that tacrolimus abrogated the histopathologic 
changes associated with rejection while dramatically 

inhibiting the expression of IFN-~/mRNA in allograft 
recipients. IL-2 and TNF-et allograft gene expression 
were also inhibited by tacrolimus. Interestingly, the 
T-helper type 2 (Th2) cytokines, IL-4, IL-5, and IL- 
6 mRNA were relatively unaffected by tacrolimus 
treatment. 

Our findings suggest that IFN-~/may be an impor- 
tant immune mediator of graft rejection in SIT. In our 
study the expression of IFN-~/in allografts appears to 
be specific because isografts and native intestine have 
minimal expression of IFN-~/mRNA after day 2. 
These findings are in agreement with previous reports 
in experimental rat models of SIT. s,6 Furthermore, 
preliminary evidence from our laboratory indicates 
that the levels ofimmunoreactive IFN-~/in the circu- 
lation are elevated in allograft recipients as compared 
to isograft recipients (unpublished results). IFN-~/is 
also specifically upregulated during chronic rejection 
of intestinal allografts. 14 Inasmuch as increased levels 
of IFN-~/were detected in an experimental model of 
Crohn's disease, but IFN-7 levels were normal in an 
animal model of ulcerative colitis, Is IFN-7 is not 
merely a marker of chronic intestinal inflammation. 
In addition to the conventional immune mechanisms 
by which IFN-~/could exacerbate graft rejection, such 
as upregulation of MHC antigen expression and en- 
hancement of effector cell function, 16 there are other 
potential mechanisms that may be particularly perti- 
nent to the intestine. Madara and Stafford 17 demon- 
strated that IFN-~/increases interepithelial tight junc- 
tion permeability in vitro. Alterations in intestinal ep- 
ithelial cell barrier function could have important 
consequences in SIT. The local production of IFN-~/ 
during rejection could promote bacterial transloca- 
tion thereby enhancing infectious complications. Fur- 
thermore, IFN-~/has direct deleterious effects on gut 
epithelium. High systemic doses of IFN-~/produced 
epithelial necrosis on villous tips is and Liesenfield et 
al. 19 suggested that IFN-~ mediates necrosis in the 
ileum of mice following infection with Toxoplasma 
gondii. IFN-~/also inhibits proliferation of jejunal 
smooth muscle cells. 14 Thus the persistent elevation 
of IFN-~/observed after SIT may cause significant in- 
jury and dysfunction in the epithelial integrity. 

Although the increases in the IFN-~/message were 
most notable in our study, we also observed a slight 
increase of IL-6 and TNF-oL transcripts in allografts 
after day 5. These observations are consistent with re- 
cent reports on intragraft cytokine expression in SIT 
in mice 2° and in rats. 14 TNF-~ causes tissue damage 
and promotes the infiltration of macrophages and 
neutrophils. Intestinal mucosal production of TNF-~ 
is increased in both Crohn's disease and ulcerative 
colitis. 21 Similarly there is increased mucosal produc- 
tion of lL-6 in Crohn's disease and ulcerative colitis. 22 
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In clinical SIT, serum levels of IL-6 were reported to 
correlate well with episodes of acute rejection. 23 On 
histologic examination, necrosis was present in allo- 
grafts, especially on day 7, indicating that at the late 
stage of rejection, necrosis can accompany apoptotic 
cell death. Proinflammatory cytokines, such as TNF- 
o~ and IL-6, produced at the site of rejection may con- 
tribute to inflammatory changes, which culminate in 
necrosis within the allograft. 

Recent studies in murine SIT suggested that a shift 
toward Thl  predominance may occur with ongoing 
rejection, whereas both Thl  and Th2 subsets, or Th0 
cells, are involved in the earlier stage. 2° Our findings 
indicate that Thl  cytokines predominate in SIT re- 
jection and are important in the pathologic changes 
seen during graft rejection since both graft destruc- 
tion and Thl  cytokines are abrogated with tacrolimus 
treatment. 

The specific mechanisms by which IFN-~/may 
participate in the histopathologic changes during in- 
testinal allograft rejection are not known. Our results 
suggest that IFN-~/may have utility as a marker of 
graft rejection, and the development of therapeutics 
that specifically target this cytokine may improve the 
clinical outcome of SIT. 

We thank Hbin Yu, Bernadette Diekmann-Guiroy, and Janeth C. 
Villanueva for their technical assistance. 

REFERENCES 
1. Todo S, Tzakis A, Abu-Elmagd K, Reyes J, Starzl TE. Current 

status of intestinal transplantation. Adv Surg 1994;27:295-317. 
2. Todo S, Reyes J, Furukawa H, Abu-Elmagd K, Lee RG, Tza- 

kis A, Rao AS, Starzl TE. Outcome analysis of 71 clinical in- 
testinal transplantations. Ann Surg 1995;222:270-282. 

3. Asfar S, Wood R, Grant DR. Clinical diagnosis in intestinal 
allograft rejection. In Solez K, Racusen LC, Billingham ME, 
eds. Solid Organ Transplantation Rejection. New York: Mar- 
cel Dekker, 1996. 

4. Lee RG. Nakamura K, Tsamandas AC, Abu-Elmagd K, Fu- 
rukawa H, Hutson WR, Reyes J, Tabasco-Minguillan JS, Todo 
S, Demetris AJ. Pathology of human intestinal transplanta- 
tion. Gastroenterology 1996; 110:1820-1834. 

5. McDiarmid SV, Farmer DH, Kuniyoshi JS, Robert M, Kha- 
davi A, Shaked A, Busuttil RW. The correlation of intragraft 
cytokine expression with rejection in rat small intestine trans- 
plantation. Transplantation 1994;58:690-697. 

6. Toogood GJ, Rankin AM, Tam PKH, Morris PJ, Dallman MJ. 
The immune response following small bowel transplantation. 
I. An unusual pattern of cytokine expression. Transplantation 
1996;62:851-855. 

7. Monchik GJ, Russell PS. Transplantation of small bowel in 
the r~t. Technical and immunological considerations. Surgery 
1971 ;70:693 -702. 

8. Garcia B, Zhong R, Wijsman E Chen PWH, Sutherland F, 
Duff J, Grant D. Pathological changes following intestinal 
transplantation in the rat. Transplant Proc 1990;22:2469- 
2470. 

9. Chomczynski P, Sacchi N. Single-step method of RNA isola- 
tion by acid gnanidium thiocyanate-phenol-chloroform ex- 
traction. Anal Bioehem 1987;162:156-159. 

10. Krams SM, Falco DA, Viflanueva JC, RabkinJ, Tomlanovich 
SJ, Vincenti E Amend WJC, Melzer J, Garovoy MR, Roberts 
JP, Ascher NL, Martinez OM. Cytokine and T cell receptor 
gene expression at the site of allograft rejection. Transplanta- 
tion 1992;53:151-156. 

11. Egawa H, Martinez OM, Quinn MB, Villanueva JC, So S, Es- 
quivel CO, Krams SM. Acute liver allograft rejection in the 
rat. An analysis of the immune response. Transplantation 
1995;59:97-102. 

12. Grant D, Zhong R, Gunn H, DuffJ, Garcia B, Keown t?, Wijs- 
man J, Stiller C. Graft-versus-host disease associated with in- 
testinal transplantation in the rat: Host immune function and 
general histology. Transplantation 1989;48:545-549. 

13. Banner BE Pathology of intestinal transplantation. In Solez 
K, Racusen LC, Billingham ME, eds. Solid Organ Transplan- 
tation Rejection. New York: Marcel Dekker, 1996. 

14. Su GL, Walgenbach K-J, Heeckt PH, Wang Q, Halfter W, 
Whiteside TL, Bauer AJ. Increased expression of interferon- 
~/in a rat model of chronic intestinal allograft rejection. Trans- 
plantation 1996;62:242-248. 

15. Fuss IJ, Neurath M, Boirivant M, Klein JS, de la Motte C, 
Strong SA, Fiocchi C, Strober W. Disparate CD4+ lamina 
propria (LP), lymphokine secretion profiles in inflammatory 
bowel disease. Crohn's disease LP cells manifest increased se- 
cretion of IFN-~, whereas ulcerative colitis LP cells manifest 
increased secretion of IL-5. J Immunol 1996; 157:1261-1270. 

16. Halloran P, Goes N. Interferon-~/and its receptor. Transplant 
Sci 1993;3:92-103. 

17. Madara JL, Stafford J. Interferon-~ directly affects barrier 
function of cultured intestinal epithelial monolayers. J Clin 
Invest 1989;83:724-727. 

18. Sartor RB. Cytokines in intestinal inflammation: Pathophysi- 
ological and clinical considerations. Gastroenterology 1994; 
106:533-539. 

19. Liesenfield O, KosekJ, Remington JS, Suzuki Y. Association 
of CD4+ T cell-dependent, interferon-~/-mediated necrosis 
of the small intestine with genetic susceptibility of mice to 
peroral infection with Toxoplasma gondii. J Exp Med 1996;184: 
597-607. 

20. Quan D, Grant DR, Zhong RZ, Zhang Z, Garcia BM, 
Jevnikar AM. Altered gene expression of cytokine, ICAM-1, 
and class II molecules precedes mouse intestinal allograft re- 
jection. Transplantation 1994;58:808-816. 

21. MacDonald "IT, Hutchings P, Choy MY, Murch S, Cooke A. 
Tumor necrosis factor-alpha and interferon-gamma produc- 
tion measured at the single cell level in normal and inflamed 
human intestine. Clin Exp Immunol 1990;81:301-305. 

22. Mitsuyama K, Sasaki E, Toyonaga A, Ikeda H, Tsuruta O, Irie 
A, Arima N, Oriishi T, Harada K, Fujisaki K, Sato M, 
Tanikawa K. Colonic mucosal interleukin-6 in inflammatory 
bowel disease. Digestion 1991 ;50:104-111. 

23. Noguchi K, Yoshida Y, Yagihashi A, Kita Y, Takenaka T, Tera- 
sawa K, Hayashi S, Konno A, Kobayashi M, Nakamura K, 
Reyes J, Ahu-Elmagd K, Demetris AJ, Tzakis AG, Todo S, 
Iwald Y, Starzl TE. Serum levels of interleukin-6, tumor 
necrosis factor-ix, and interleukin-2 in rejecting human small 
bowel allografts. Transplant Proc 1992 ;24:1152. 



Bile Reflux in Benign and Malignant Barrett's 
Esophagus: Effect of Medical Acid Suppression and 
Nissen Fundoplication 
H. J. Stein, M.D., W. K. H. Kauer, M.D., H. Feussn~ M.D., J. R. Siewert, M.D., EA.C.S. 

Bile reflux has been implicated in the pathogenesis and malignant degeneration of Barrett's esophagus, but 
clinical studies in patients with adenocareinoma arising in Barrett's esophagus are lacking. Ambulatory 
esophageal measurement of acid and bile reflux was performed with the previously validated fiberoptic 
bilirubin monitoring system (Bilitec) combined with a pH probe in 20 asymptomatie volunteers, 19 pa- 
tients with gastroesophageal reflux disease (GERD) but no mucosal injury, 45 patients with GERD and 
erosive esophagitis, 33 patients with GERD and Barrett's esophagus, and 14 patients with early adeno- 
carcinoma arising in Barrett's esophagus. Repeat studies were done in 15 patients under medical acid 
suppression and 16 patients after laparoscopie Nissen fundoplication. The mean esophageal bile exposure 
time showed an exponential increase from GERD patients without esophagitis to those with erosive 
esophagitis and benign Barrett's esophagus and was highest in patients with early carcinoma in Barrett's 
esophagus (P <0.01). Pathologic esophageal bile exposure was documented in 18 (54.5%) of 33 patients 
with benign Barrett's esophagus and 11 (78.6%) of 14 patients with early adenoearcinoma in Barrett's 
esophagus. Nissen fundoplieation but not medical acid suppression resulted in complete suppression of 
bile reflux. Bile reflux into the esophagus is particularly prevalent in patients with Barrett's esophagus 
and early cancer. Bile reflux into the esophagus can be completely suppressed by Nissen fundoplication 
but not medical acid suppression alone. (J GASTROINTEST SURG 1998;2:333-341.) 

Barrett's esophagus, that  is, columnar  epithelial 
metaplasia in the distal esophagus, develops as the 
consequence of chronic gastroesophageal reflux in up 
to 20% of patients with documented gastroesophageal 
reflux disease (GERD). 1 Compared to reflux patients 
without columnar metaplasia, gastroesophageal reflux 
in patients with Barrett's esophagus is characterized 
by a combinat ion of  acid and bile reflux, and fre- 
quently results in complications such as ulcers and 
stenosis) -6 In addition, columnar metaplasia is asso- 
ciated with a clearly increased risk of malignant de- 
generation. ~ Experimental  data indicate a possible 
pathogenetic role of bile reflux in the process of ma- 
lignant degeneration of Barrett's esophagus. 7 Reliable 
clinical data supporting this concept are so far lack- 
ing since methods to directly measure bile reflux into 
the esophagus have been inaccurate or cumbersome. 

For the same reasons the effect of medical acid sup- 
pression or Nissen fundoplication on bile reflux into 
the esophagus has been poorly studied. 

A fiberoptic system for circadian monitoring of bil- 
iary duodenogastric and duodenogastroesophageal re- 
flux (Bilitec, Synectics Medical, Stockholm, Sweden) 
was recently developed and clinically introduced by 
Becchi et al. 8 T h e  principle of the measurement  is 
based on the light absorption characteristics of biliru- 
bin, the major pigment of bile. A series of subsequent 
validation studies has confirmed that, despite some 
shortcomings inherent to the system, the combined 
esophageal pH and Bilitec measurements allow for a 
reliable assessment of acid and bile reflux into the 
esophagus in the clinical setting. 9-12 We used this new 
technology to evaluate the prevalence, severity, and 
circadian pattern of bile reflux into the esophagus in a 
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series of patients with GERD without Barrett's esoph- 
agus, patients with Barrett's esophagus but no evi- 
dence of carcinoma, and patients with high-grade dys- 
plasia or early adenocarcinoma arising in Barrett's 
mucosa. We also studied the effect of standard med- 
ical acid suppression and Nissen fundoplication on 
esophageal bile exposure time. 

MATERIAL A N D  M E T H O D S  
Validation Studies 

To identify an optimal threshold for detection of 
bilirubin with the Bilitec system in the clinical setting, 
114 samples of gastric and duodenal aspirates were 
obtained from 42 patients who had nasogastric or na- 
soduodenal tubes placed for a variety of medical rea- 
sons. In each sample the bilirubin concentration was 
determined with a standard spectrophotometer and 
expressed as milligrams per deciliter (mg/dl). Each 
sample was then placed in a light-protected container, 
and the absorption value obtained with the Bilitec sys- 
tem was recorded and correlated to the respective 
bilirubin concentration determined spectrophoto- 
metrically. 

Combined Ambulatory Esophageal pH 
and Bilitec Moni tor ing  

Esophageal Bilitec monitoring was performed si- 
multaneously with pH monitoring as described in de- 
tail previously. 9,11 Briefly, a glass pH and a fiberoptic 
bilirubin probe were placed 5 cm above the mano- 
metrically determined upper border of the lower 
esophageal sphincter and connected to the respective 
data recorders (Digitrapper Mark IV and Bilitec 2000, 
Synectics Medical, Stockholm, Sweden). Recordings 
were performed over a 24-hour period and under am- 
bulatory conditions. Diet was restricted to three meals 
and food with a pH between 4 and 7. Calibration of 
the pH and fiberoptic bilirubin probes was performed 
before and after each recording. Studies with a drift of 
more than 0.2 pH units or 0.15 absorbance units over 
24 hours were discarded. Analysis of the pH and 
Bilitec record was performed with commercially avail- 
able software (Synectics Medical). The pH records 
were analyzed for the percentage of total monitoring 
time with a pH <4. An esophageal acid exposure time 
(pH <4) greater than 4.5% of the total monitoring 
period was considered indicative of increased 
esophageal acid exposure. 13 Based on the in vitro val- 
idation studies, a value exceeding 0.25 absorbance 
units on the Bilitec record was considered indicative 
of bile reflux. The percentage of time with an ab- 

sorbance value greater than 0.25 on the Bilitec record 
was calculated separately for the total monitoring 
time (excluding the meal periods), the interdigestive 
upright period, the postprandial period, and the sleep 
period. Patients were considered to have abnormal 
esophageal exposure to bilirubin if the percentage of 
time with an absorbance greater than 0.25 on Bilitec 
monitoring exceeded the ninety-fifth percentile level 
of the data obtained in the 20 normal volunteers. 

Patient Population and Studies Performed 

Combined ambulatory esophageal pH and Bilitec 
monitoring was performed in 20 asymptomatic vol- 
unteers (11 males and 9 females; mean age 35.6 years) 
and a total of 97 patients with symptoms of GERD 
(heartburn, regurgitation, and/or dysphagia) and in- 
creased esophageal acid exposure documented by am- 
bulatory 24-hour esophageal pH monitoring. On en- 
doscopy, 19 of the GERD patients (9 males and 10 fe- 
males; mean age 46.3 years) had no mucosal injury, 45 
patients with GERD (23 males and 22 females; mean 
age 47.9 years) had erosive esophagitis, 33 patients 
(25 males and 8 females; mean age 49.0 years) had 
Barrett's esophagus without evidence of carcinoma or 
high-grade dysplasia on multiple biopsies. Combined 
ambulatory 24-hour esophageal pH and Bilitec mon- 
itoring was also performed in an additional 12 pa- 
tients (10 males and 2 females; mean age 59.1 years) 
with early adenocarcinoma arising in Barrett's esoph- 
agus (T1 tumor stage 14 on endoscopic ultrasonog- 
raphy) and in two patients (both males, 48 and 62 
years of age, respectively) with high-grade dysplasia 
in Barrett's esophagus but no evidence ofinvasive car- 
cinoma on multiple biopsies. Barrett's esophagus was 
defined by the endoscopic documentation of a colum- 
nar epithelial lining of the distal esophagus over at 
least 3 cm and histologic confirmation of specialized 
columnar epithelium) 

Prior to the initial combined ambulatory esoph- 
ageal pH and Bilitec studies, all acid-suppressing and 
prokinetic medications were discontinued for at least 
7 days in all patients. Fifteen of the patients with 
GERD volunteered for repeat studies under a stan- 
dard dose of medical acid suppression with a proton 
pump inhibitor (omeprazole, 20 mg twice a day), and 
16 patients had repeat studies performed between 
3 months and 1 year after laparoscopic Nissen fun- 
doplication. Patients with early adenocarcinoma in 
Barrett's esophagus underwent resection. 

All studies in normal volunteers and patients with 
early carcinoma were approved by the local human 
ethics committee. 
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Statistical Analysis 

Data are expressed as means unless otherwise 
stated. The degree of association between variables 
was assessed with Pearson's correlation coefficient. 
Fisher's exact test was used to compare proportions 
between two groups. Standard statistical analysis for 
paired and unpaired data sets was used to compare 
data between and within groups as appropriate. A 
P value <0.05 was considered significant. 

RESULTS 
In  Vitro Validation Studies 

Fig. 1 illustrates the relationship between Bilitec 
measurements and spectrophotometrically deter- 
mined bilirubin concentrations in gastric and duode- 
nal aspirates. There is a linear correlation between 
Bilitec measurements and spectrophotometric biliru- 
bin concentrations above a threshold of 0.25 ab- 
sorbance units on the Bilitec record, with a tapering 
of the correlation curve at the upper limit of sensitiv- 
ity of the Bilitec device at around 0.8 to 1.0 absorp- 
tion units. Below the threshold of 0.25 absorption 
units, there is a grey area with no significant correla- 
tion between Bilitec readings and true bilirubin con- 
centrations. A threshold of 0.25 absorbance units on 
the Bilitec record was therefore chosen to calculate 
esophageal exposure time to bile in the ambulatory 
24-hour recordings. 

Clinical Studies in G E R D  Patients  and 
Patients  with Benign and Malignant  Barrett 's  
Esophagus 

Fig. 2 shows a typical combined esophageal pH 
and Bilitec record in a patient with Barrett's esopha- 
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| Absorption • • • • • •  m_ • • 
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Fig. 1. Correlation between Bilitec measurements and biliru- 
bin concentrations determined by spectrophotometry in gas- 
tric and duodenal aspirates. 

gus with severe acid and bile reflux into the esopha- 
gus. The mean esophageal acid (expressed as percent- 
age of time with pH <4 on pH monitoring) and 
bilirubin exposure time (expressed as percentage of 
time with absorbance greater than 0.25 on Bilitec 
monitoring) showed a marked increase from normal 
volunteers, to GERD patients without esophagitis, 
GERD patients with erosive esophagitis, and patients 
with Barrett's esophagus (P <0.01; Fig. 3). Esophageal 
bilirubin exposure time was highest in the group of 
patients with high-grade dysplasia or early carcinoma 
in Barrett's esophagus. Analysis of the circadian pat- 
tern of esophageal bilirubin exposure showed that bile 
reflux occurred primarily during the postprandial and 
supine monitoring periods (Fig. 4). 

The esophageal exposure time to bilirubin on am- 
bulatory 24-hour esophageal Bilitec monitoring for 
the individual subjects in the various study groups is 
shown in Fig. 5. Pathologic esophageal bilirubin ex- 
posure, defined as an esophageal bilirubin exposure 
exceeding the ninety-fifth percentile of the normal 
volunteers (i.e., 6.9% of the total monitoring time 
with absorption >0.25), was observed in 2 (10.5%) of 
19 GERD patients without esophagitis, 10 (22.2%) of 
45 GERD patients with erosive esophagitis, 18 (54.5%) 
of 33 patients with benign Barrett's esophagus, and 11 
(78.6%) of 14 patients with early adenocarcinoma 
or high-grade dysplasia in Barrett's esophagus. Both 
patients with high-grade dysplasia had an abnormal 
esophageal bilirubin exposure time (see Fig. 5). 

Asses sment  o f  Treatment  Effects 

Repeat Bilitec measurements under 20 mg of 
omeprazole twice a day in 15 patients showed an al- 
most complete abolishment of acid reflux (mean 
19.7% of total monitoring time without acid suppres- 
sion, 2.9% with acid suppression; P <0.01) and a 
marked reduction in esophageal bile exposure (mean 
16.2 % of total monitoring time without acid suppres- 
sion, 8.9% with acid suppression; P <0.05). Medical 
therapy with omeprazole, although highly effective in 
terms of suppressing acid reflux, did not reduce 
esophageal bile exposure time into the normal range 
(Fig. 6). In contrast, laparoscopic Nissen fundoplica- 
tion normalized esophageal acid and bile exposure in 
all but I of 16 patients who volunteered for follow-up 
studies after antireflux surgery (mean preoperative 
esophageal bilirubin exposure time 16.6%, mean post- 
operative esophageal bilirubin exposure time 2.4%; P 
<0.01) (Fig. 7). Fig. 8 illustrates how laparoscopic Nis- 
sen fundoplication resulted in complete suppression of 
bile reflux in a patient with Barrett's esophagus. 
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Fig. 2. Typical combined ambulatory 24-hour esophageal pH (A) and Bilitec (B) record in a patient 
with Barrett's esophagus showing severe acid and bile reflux. The time is indicated on the x-axis. The y- 
axis on the pH record shows pH units. Esophageal acid exposure is calculated as the percentage of time 
with a pH <4. The y-axis on the Bilitec record shows absorption units. Esophageal bilirubin exposure 
is calculated as the percentage of time with absorption greater than 0.25. M = meal period; P = post- 
prandial period; L = supine period. 
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Fig. 3. Mean overall esophageal acid and bile exposure time on combined ambulatory 24-hour 
esophageal pH and Bilitec monitoring in normal volunteers, patients with gastroesophageal reflux 
disease (GERD) with and without esophagitis, patients with Barrett's esophagus, and patients with high- 
grade dysplasia (HGD) or early carcinoma in Barrett's esophagus. * = P <0.01 vs. other groups. 
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Fig. 4. Circadian pattern of intestinoesophageal bile reflux in normal volunteers, patients with gastro- 
esophageal reflux disease (GERD) with and without esophagitis, patients with Barrett's esophagus, and 
patients with high-grade dysplasia (HGD) or early carcinoma in Barrett's esophagus as measured by 
ambulatory 24-hour esophageal Bilitec mitoring (% time with absorption >0.25). * = P <0.01 vs. 
interdigestive period and other groups. 
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Fig. 5. Individual overall esophageal exposure time to bilirubin on ambulatory 24-hour esophageal Bilitec 
monitoring (% time with absorption >0.25) in normal volunteers, patients with gastroesophageal reflux 
disease (GERD) with and without esophagitis, patients with Barrett's esophagus, and patients with high- 
grade dysplasia (HGD) or early carcinoma in Barrett's esophagus. 
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acid suppression (20 mg omeprazole twice a day). 

Fig. 7. Individual overall esophageal bilirubin exposure time 
on ambulatory 24-hour esophageal Bilitec monitoring (% time 
with absorption >0.25) in reflux patients before and after lap- 
aroscopic Nissen fundoplication. 
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record shows absorption units. Esophageal bilirubin exposure is calculated as the percentage of time 
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Neither medical therapy nor Nissen fundoplication 
resulted in a change in the extent of columnar epithe- 
lium. Erosive esophagitis healed in all but three pa- 
tients (two patients with medical acid suppression and 
one patient with Nissen fundoplication). All three of 
these patients had either persistent acid or acid and 
bile reflux. 

D I S C U S S I O N  

The concept of bile reflux as an initiator or pro- 
moter of benign and malignant foregut disorders has 
been a topic of controversy for several decades. 2,7,15 
This was due to the lack of objective and clinically ap- 
plicable tests to quantitate reflux of duodenal contents 
over prolonged periods of time and the poor under- 
standing thus far of the interactions between bile 
acids, pancreatic enzymes, and gastric acid in vivo. 
The recent introduction of the Bilitec system has 
renewed the debate as to the prevalence, pathophysi- 
ologic mechanisms, consequences, and clinical rele- 
vance of duodenogastric and duodenogastroeso- 
phageal bile reflux. In a series of clinical studies with 
the Bilitec unit, excessive reflux of bile in patients with 
Barrett's esophagus has been reported by several 
groups.  2-4,16 The present study is the first to demon- 
strate a high prevalence of bile reflux into the esoph- 
agus in patients with early adenocarcinoma arising in 
Barrett's esophagus and to show a direct protective ef- 
fect of Nissen fundoplication. 

Measurement of duodenogastroesophageal bile re- 
flux with the Bilitec fiberoptic bilirubin sensor is 
based on the hypothesis that bilirubin, which by itself 
causes no harm to intestinal mucosa, is a suitable 
tracer for potentially noxious duodenal contents (i.e., 
bile acids and pancreatic enzymes), s Bilirubin itself 
has no apparent physiologic function and is a waste 
product of heme catabolism which, after conjugation, 
is secreted via the biliary tract into the duodenum. In 
humans, conjugated bilirubin constitutes the major 
pigment of bile. We and others have evaluated the cor- 
relation between Bilitec readings and the concentra- 
tion of bile acids in gastric and duodenal aspirates, s-12 
Overall there was a good correlation between biliru- 
bin concentrations and the presence of bile acids in 
these studies, thereby supporting the clinical useful- 
ness of the Bilitec device to detect bile reflux. Con- 
troversy persists, however, concerning the threshold 
required to reliably detect bile reflux with the Bilitec 
unit. Furthermore, because the Bilitec device indis- 
criminately records any absorbance at 450 to 470 nm, 
a variety of food products may result in false positive 
readings2 ° Based on the results of the validation stud- 
ies presented, we have chosen to set the threshold for 
detection and measurement of bile reflux at 0.25 ab- 

sorption units on Bilitec monitoring. This detection 
threshold is higher and thus more specific than the 
threshold used by other investigators. In addition, we 
have excluded meal periods from the analysis. This 
may explain the lower esophageal bilirubin exposure 
times in GERD patients with erosive esophagitis or 
benign Barrett's esophagus observed in the present 
study as compared to the data reported by other in- 
vestigators. 2-4'16 Conversely, the prevalence and sever- 
ity of excessive bile reflux in patients with early cancer 
in the present study would have been even higher if 
the lower detection thresholds used by other investi- 
gators had been applied. 

The exact mechanism by which bile reflux might 
initiate or promote tissue injury and carcinogenesis in 
humans is unclear at the present time. Bile salts alone 
do not seem to be mutagenic but promote muta- 
genieity of aromatic amines. Alternatively, bile acids 
may also facilitate the action of other endoluminal 
carcinogenic agents by mucosal barrier disruption and 
exposure of the proliferating epithelial comparu~,ent. 7 
In vitro studies and in vivo animal models have shown 
that soluble bile acids can enter mucosal cells when in 
their nonionized lipophilic form and accumulate there 
to up to eight times the luminal concentration. 17 Such 
excessive intracellular concentrations of bile acids re- 
sult in increased mucosal permeability by dissolution 
of cell membranes and tight junctions. Entering of 
mucosal cells and accumulation is pH driven and de- 
pendent on the conjugation status of the bile acids 
and their solubility. Thus the potential injurious ef- 
fect of bile reflux is not only related to their luminal 
concentration but is also dependent on the environ- 
mental pH, with a pH between 3 and 6 providing the 
optimal environment for bile acid injuryY 

A reduction of bile reflux into the esophagus by 
medical acid suppression has been reported by Cham- 
pion et al. 4 and was also observed in the present study. 
This effect has been attributed to the marked reduc- 
tion in both gastric acid and gastric volume with pro- 
ton pump inhibitors. In both studies, however, med- 
ical acid suppression failed to reduce esophageal bile 
exposure to normal values. In contrast~ similar to the 
well-described effect ofNissen fundoplication on acid 
gastroesophageal reflux, the antireflux procedure also 
resulted in normalization of esophageal bile exposure 
in all but one of the patients assessed in the present 
study. This observation is not surprising since recon- 
struction of the defective barrier function of the lower 
esophageal sphincter in patients with GERD will pro- 
tect against reflux of any gastric contents (i.e., acid 
and duodenal juice). 16,19 Consequently antireflux 
surgery constitutes a more logical therapeutic ap- 
proach for patients with a combination of acid and 
bile reflux than medical acid suppression and may of- 
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fer  the  chance  to p r even t  the  d e v e l o p m e n t  o f  Barret t ' s  
e sophagus  wi th  its i n h e r e n t  r isk o f  m a l i g n a n t  d e g e n -  
era t ion .  
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Discussion 
Dr. J. Peters (Los Angeles, Calif.). N o w  that you have 

demonstrated that bile reflux is present in the malignant 
Barrett's metaplasia, are you inserting bile probes in all can- 
didates for antireflux surgery at your institution? H o w  do 
you use that as a practical measure in your everyday prac- 
tice? Is it a risk factor? 

Dr. H.J. Stein. We have a study in progress on bile reflux 
in patients with Barrett's esophagus, and we continue to com- 
bine p H  and bile reflux monitoring. I f  we were to find com- 
bined bile and acid reflux in a patient, this would certainly 
support our intention to perform antireflux surgery rather 
than medical acid suppression in such a patient. Whether  bile 
reflux is a risk factor we do not know for sure at the present 
time; much more data are needed before that can be deter- 
mined. The  data that we have, and which I have presented in 
this report, would certainly point in that direction. 

Dr. C. PeUegrini (Seattle, Wash.). H o w  can you explain 
your  findings in relation to what  Dr. Richter has shown 
with larger numbers in terms of medical acid suppression 
being an effective way to decrease bilirubin exposure in the 

esophagus? You show the number  of  patients receiving 
medical therapy, but it does not seem as though you could 
measure a large number  of  patients compared to the total 
number  of  patients that you studied. Did you select some 
patients? 

Dr. Stein. T h e  data I have presented in no way contra- 
dict what Dr. Richter reported a couple of  years ago. H e  
has shown that acid suppression reduces bile reflux. We also 
showed that acid suppression does reduce bile reflux. Dr. 
Richter did show that acid suppression did not  result in a 
return of bile reflux to the normal range and we have con- 
firmed this, so there is no discrepancy. We both showed 
that acid suppression can decrease bile reflux but does not 
suppress it completely. Did we select patients out for the 
studies with and without medical acid suppression? Yes we 
did. We tried to select those patients who did have bile re- 
flux. Obviously not  every patient wanted to undergo a sec- 
ond study on medical acid suppression, so we have 15 pa- 
tients who were tested with and without medical acid sup- 
pression. 
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Dr. T. DeMees t~  I concur with Dr. Stein in that often- 
times when the medical investigators present their data, 
they imply that values return to normal, but if you review 
Dr. Richter's first paper, these values definitely do not re- 
turn to normal. What you are looking for is the presence 
of bile. 

D~. BL Fucbs (Wiirzburg, Germany). Have you noticed 
any changes in intragastric bile exposure after Nissen fun- 
doplication? 

Dr. Stein. We have not performed intragastric studies 
after Nissen fundoplication. We cannot place three or four 
probes at a time, so we limited our postoperative studies to 
monitoring of intraesophageal pH and bile. 

Dr. J.  Hunter  (Atlanta, Ga.). Some of your patients, it 
appeared, did normalize the amount of bile acid reflux while 
on proton pump inhibitor therapy. For those of us who do 
not have Bilitec monitors, are there any ways to predict this 
group? 

1~. Stein. There is no way to predict, based on the avail- 
able data, which patients will respond to medical acid sup- 
pression as far as bile exposure in the esophagus is con- 
cerned. Most patients become asymptomatic with medical 
acid suppression because it is the acid that causes the symp- 
toms, but bile may continue to reflux, even though the acid 
has been suppressed. 



Postprandial Gastroesophageal Reflux in Normal 
Volunteers and Symptomatic Patients 
Rodney J. Mason, M.D., Stefan Oberg, M.D., Cedric G. Bremner, M.D., Jeffrey H. Peters, M.D., 
Michael Gadenstiitter, M.D., Manfred Ritter, M.D., Tom R. DeMeester, M.D. 

A structurally intact and competent lower esophageal sphincter in the experimental model shortens and 
becomes incompetent during gastric distention. The aim of this study was to evaluate postprandial reflux 
as an indirect measure of this volume-induced sphincter shortening and incompetency. Reflux (pH <4) 
in the 2-hour period following a meal was retrospectively analyzed from the 24-hour esophageal pH 
recordings of 94 healthy volunteers and 609 symptomatic patients. Forty-six percent of patients had 
pathologic postprandial reflux (>95th percentile of normal). The prevalence was lower in patients with 
a structurally intact compared to a defective lower esophageal sphincter (32% vs. 58%; P <0.001). Patho- 
logic postprandial reflux was greater in patients with abnormal compared to normal findings on 24-hour 
pH study (76% vs. 21%; P <0.001). Patients with a normal 24-hour pH study and postprandial reflux had 
shorter sphincter lengths (2.33 vs. 2.82 cm; P <0.001) and lower pressures (10.78 vs. 14.24 mm Hg; 
P <0.005). A hiatal hernia increased the prevalence of postprandial reflux (P <0.001) in all patients (67% 
vs. 38%) and in the subgroup with a structurally intact sphincter (75% vs. 27%, P <0.001). Postprandial 
reflux is a dynamic indicator of sphincter competency, and increases as the structural sphincter charac- 
teristics deteriorate and is augmented by a hiatal hernia. (J GASTROINTEST SURG 1998;2:342-349.) 

The  "gold standard" for the assessment of in- 
creased esophageal acid exposure is 24-hour pH mon- 
itoring. 1,2 Esophageal motility is the preferred 
method for the evaluation of  lower esophageal 
sphincter (LES) integrity. 3 A typical patient with gas- 
troesophageal reflux disease (GERD) will have a 
structurally defective LES and abnormal findings on 
24-hour pH study. 3-5 Patients with a structurally in- 
tact LES may have either a normal or abnormal 24- 
hour pH study. This observation implies a sphincter 
that dynamically changes throughout the day from 
being competent to incompetent. The reason for this 
is unclear. It is well documented, however, that gas- 
tric distention results in a transient loss of sphincter 
competency and gastroesophageal reflux. 6-1° The  
mechanism explaining these events is controversial 
and could be controlled either mechanically or neu- 
rologically. Recently it has been shown that gastric 
distention results in a mechanical unfolding of the 
sphincter, loss of sphincter length, and an increase in 
the frequency of equalization of gastric and esoph- 

ageal pressure (common cavity events). 11-14 Th  
demonstration of this mechanical sphincter shorten 
ing in humans following gastric distention by foo 
and swallowed air has not been reported. The  con 
cept, however, suggests that a patient with a short ini 
tial resting sphincter length would have more gas 
troesophageal reflux after gastric distention caused b 
a meal than a patient with a longer sphincter lengd 
To test this hypothesis, a retrospective review was pet 
formed of a group of healthy volunteers and patienl 
with symptomatic reflux in whom the relationship be 
tween gastroesophageal reflux that occurred durin 
the 2-hour period after a meal and the subject: 
manometric LES parameters was examined. 

S U B J E C T S  A N D  M E T H O D S  
Study  Population 

The review population consisted of 609 consecu 
rive patients with foregut symptoms. There were 9 
normal volunteers (mean age 34 [range 21 to 71 
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years; male:female ratio 55:39) and 609 symptomatic 
patients (mean age 51 [range 12 to 89] years; male:fe- 
male ratio 332:277). All patients underwent both 
esophageal manometry and 24-hour pH monitoring 
in the University of Southern California esophageal 
function laboratory. Patients with achalasia, diffuse 
esophageal spasm, "nutcracker" esophagus, and hy- 
pertensive LES were excluded. Two hundred eighty- 
seven patients underwent upper gastrointestinal radi- 
ologic examination and upper endoscopy with biopsy 
in addition to manometry and pH testing. 

M a n o m e t r y  

Stationary manometry was performed with an 
eight-channel water-perfused catheter. The pressure 
characteristics of the LES were measured with a sta- 
tion pull-through technique. All measurements were 
referenced to the resting intragastric pressure. The 
lower border of the sphincter was determined when 
the pressure was consistently elevated 2 mm Hg above 
the gastric baseline pressure and the upper border 
when the pressure reached the intraesophageal base- 
line pressure. The intra-abdominal length was mea- 
sured from the lower border of the sphincter to the 
respiratory inversion point. The resting sphincter 
pressure was measured at the respiratory inversion 
point as the mean pressure between inspiration and 
expiration at this point. A mean of the values for each 
channel was used for the analysis. The three criteria 
used to determine the structural integrity of the LES 
were total sphincter length, intra-abdominal segment 
length, and sphincter pressure. A structurally defec- 
tive LES by length alone was identified by the pres- 
ence of an overall length of less than 2 cm and/or an 
abdominal length of less than 1 cm with a sphincter 
pressure of greater than 6 mm Hg. A structurally de- 
fective LES by pressure alone was identified by a rest- 
ing sphincter pressure of less than 6 mm Hg, together 
with an overall length of greater than 2 cm, and an 
abdominal length of greater than 1 cm. 3 Patients with 
a structurally defective sphincter by a combination of 
length and pressure were identified if the total length 
was less than 2 cm, intra-abdominal length was less 
than 1 cm, and sphincter pressure was less than 6 mm 
Hg. 

24-Hour Esophageal pH Monitoring 
A glass pH probe (Ingold, Urdorf, Switzerland) 

was positioned 5 cm above the upper border of the 
LES. Patients were instructed to follow their daily 
routine as closely as possible and to record in a diary 
all food ingested, symptoms experienced, and time 
spent sleeping, as has been previously described.15,16 

Although meals were not standardized for volume or 
quantity, they were standardized in that all patients 
were given a list of foods with a known pH >5 and 
asked to restrict their diets to foods from this list. Pa- 
tients were instructed to eat two to three meals per 
24-hour period, not to eat or drink between meals, 
not to chew gum and to eat all meals within a 10- to 
20-minute period. They were instructed not to drink 
any carbonated beverages, tea, coffee, or alcohol and 
to drink only water or milk with meals. Medications 
were discontinued 3 days before testing was begun 
(2 weeks for omeprazole). Patients not complying 
with these instructions were excluded from the study. 
Analysis was done with a commercially available soft- 
ware program (Synectics Inc, Minneapolis, Minn.). A 
reflux episode was defined as any drop in pH to <4. 
The percentage of time the esophageal mucosa was 
exposed to a pH <4 during the total monitoring pe- 
riod, as well as time spent in the upright and supine 
positions and during the 2-hour postprandial period, 
was also recorded. A composite pH score was calcu- 
lated from selected parameters derived from the total 
reflux period, upright period, and supine period. 15 A 
positive score was defined as greater than 14.8 (95th 
percentile of normal). 

The postprandial period was defined as the period 
2 hours after a meal. The cumulative exposure time 
in minutes when the pH was <4 was calculated for the 
120-minute period following each meal. This cumu- 
lative postprandial time was then expressed as a per- 
centage of the total postprandial period during the 
24-hour test. All meals were included. Thus if three 
meals were eaten, the total postprandial time would 
be 6 hours and the cumulative reflux time would be a 
fraction of this total period. The total number of 
reflux episodes (pH <4), the number greater than 5 
minutes, the longest reflux episode, and the fraction 
of time the pH was <4 for the total cumulative post- 
prandial period were calculated. 

Endoscopy 
Esophageal injury was defined by the presence of 

erosive esophagitis, stricture, or Barrett's esophagus. 
Erosive esophagitis was characterized by the presence 
of linear or coalescent erosions in the esophageal mu- 
cosa. Patients with mucosal erythema alone, or with 
only histologic signs of reflux esophagitis, were not 
considered to have esophageal injury. Barrett's esoph- 
agus was defined by the presence of specialized in- 
testinal metaplasia on any biopsy taken from the 
esophagus. The following three endoscopic land- 
marks were recorded in all patients: the position of 
the crural impression, the gastroesophageal junction, 
and the squamocolumnar junction. The gastro- 
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esophageal junction was defined as the level where the 
gastric rugal folds ended and the tubular esophagus 
began. A hiatal hernia was diagnosed when there was 
a difference of 2 cm or more between the position of 
the crura and the gastroesophageal junction. 

Statistics 

Data were reported as means +- standard devia- 
tion unless otherwise stated. Analysis of variance 
(ANOVA) was used to compare differences between 
groups. Fisher's exact test was used to compare pro- 
portions. Significance was determined at the 5% 
level. 

RESULTS 
Normal  Volunteers 

In normal volunteers the esophageal pH was <4 for 
only 2.26% of the postprandial time. This accounted 
for 34% of the total time the pH was <4 during the 
24-hour test in these subjects. The remaining time 
occurred predominantly in the interprandial period, 
as supine reflux was uncommon. Details of postpran- 
dial reflux exposure in the normal volunteers and their 
manometric sphincter characteristics are shown in 
Table I. Values above the ninety-fifth percentile of the 
normal volunteers were used to identify increased 
postprandial exposure of acid in the 609 patients with 
foregut symptoms. 

Symptomatic Patients 

An increase in the percentage of postprandial re- 
flux time (>8.4%, 95th percentile of normal) was 
found in 46% of symptomatic patients. The preva- 
lence of abnormal postprandial reflux in patients with 
a structurally intact sphincter was 32 %. The preva- 
lence in patients with a defective sphincter pressure 
alone was 48%, defective length alone 56%, and in 

sphincters defective in both length and pressure 60%. 
The percentage postprandial time the pH was <4 in 
these groups is shown in Fig. 1. The prevalence of ab- 
normal postprandial reflux in patients without a her- 
nia was 38% (47/125), which was significantly less 
than the prevalence of 67% (107/159) in the patients 
with a hiatal hernia (P <0.01). 

In an attempt to further understand the patho- 
physiology of early disease and to improve the sensi- 
tivity of 24-hour pH monitoring, the symptomatic pa- 
tients were divided into those with normal and ab- 
normal esophageal acid exposure as determined by 
the 24-hour esophageal pH score. 

Patients Wi th  Increased Esophageal  Acid 
Exposure (DeMeester Score > 14.76) 

Two hundred seventy-seven patients had an abnor- 
mal 24-hour pH score. The prevalence of abnormal 
postprandial reflux in these patients was significantly 
higher than the prevalence in patients who had a nor- 
mal 24-hour pH score (Fig. 2). These patients had 
shorter intra-abdominal sphincter lengths with lower 
pressures compared to normal volunteers and patients 
with a normal 24-hour pH score (Table II). The over- 
all sphincter lengths and pressures in patients with 
abnormal postprandial reflux were similar to values in 
patients with normal postprandial acid reflux (Fig. 3). 
The presence of a hiatal hernia did not increase the 
prevalence of abnormal postprandial reflux in this 
group (77% [86/112] vs. 71% [37/52]; P -- 0.278). 
The prevalence of abnormal postprandial reflux in 
patients with esophagitis was 74% (37/50), which 
was similar to the prevalence of 67% (36/54) in pa- 
tients with normal postprandial reflux (P = 0.119). 
The prevalence of abnormal postprandial reflux in 
patients with Barrett's esophagus was 83% (50/60), 
which was significantly higher than the prevalence 
of 70% (73/104) in patients without Barrett's esoph- 
agus (P = 0.044). 

Table I. Two-hour postprandial acid exposure and lower esophageal sphincter characteristics 
in normal subjects (n = 94) 

Mean SD Median 95th Percentile 

% Time pH <4 in postprandial period 2.26 
No. of pH <4 episodes in postprandial period 3.58 
Time pH <4 in postprandial period (min) 2.77 
No. of episodes >5 min 0.22 
Longest episode (min) 3.06 
Total sphincter length (cm) 3.47 
Intra-abdominal length (cm) 1.89 
Sphincter pressure (mm Hg) 15.02 

2.69 1.20 8.43 
3.83 2.0 11.12 
3.39 1.55 10.13 
0.59 0 2.0 
5.64 1.3 10.5 
0.80 3.6 4.91 
0.68 1.9 3.2 
6.14 13.15 26.2 

SD = standard deviation. 
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Fig. 1. Percentage postprandial time for normal subjects, patients with a structurally intact sphincter, and 
patients with a defective sphincter as determined by inadequate sphincter pressure, length, or a com- 
bination of inadequate length and pressure (P <0.001 ANOVA; least significant differences: a vs. all 
other groups, 13 vs. normal subjects, structurally intact, and length- and pressure-defective groups, ~ vs. 
normal subjects, structurally intact, and length-only and pressure-only groups, 8 vs. all other groups). 
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Fig. 2. Prevalence of pathologic postprandial reflux in normal volunteers and symptomatic patients 
divided into those with normal 24-hour esophageal acid exposure and those with increased 24-hour 
esophageal acid exposure. Prevalence based on ninety-fifth percentile of the percentage time pH <4 in 
the postprandial period for normal subjects (8.4%) (P <0.001 ANOVA; least significant differences: et vs. 
all other groups, 13 vs. all other groups). 
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T a b l e  I I .  Pos tp rand ia l  reflux values and m a n o m e t r i c  sphinc te r  character is t ics  o f  the  s tudy popu la t ion  

Patients with Patients with 
Normal normal 24-hour abnormal 24-hour 
subjects pH study pH study 
(n = 94) (n = 331) (n = 277) Significance 

% Time pH <4 in post- 
prandial period 

No. of pH <4 episodes in total 
postprandial period 

Total LES length (cm) 
Intra-abdominal length (cm) 
Sphincter pressure (mm Hg) 

2.26 -+ 2.69 ~ 5.29 -+ 8.23 b 21.26 -+ 17.99 c 

7.80 -+ 8.56 a 13.13 -+ 18.27 b 42.12 -+ 35.01 c 

3.47 +- 0.80 a 2.72 -+ 1.05 b 2.18 -+ 1.12 c 
1.89 -+ 0.68 a 1.43 -+ 0.87 b 0.95 -+ 0.82 ¢ 

15.02 -+ 6.14 a 13.43 +- 9.07 b 8.80 -+ 7.12 ¢ 

All groups significantly different 

a vs. c, b vs. c, c vs. a and b 

All groups significantly different 
All groups significantly different 
a vs. c, b vs. c, c vs. a and b 

LES = lower esophageal sphincter. 
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Fig. 3. Lower esophageal sphincter characteristics in patients with an abnormal 24-hour pH study with 
normal and abnormal postprandial reflux. 
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Fig. 4. Lower esophageal sphincter characteristics in patients with a normal 24-hour pH study with nor- 
mal and abnormal postprandial reflux. 
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P a t i e n t s  W i t h  N o r m a l  Esophagea l  Acid 
E x p o s u r e  ( D e M e e s t e r  S c o r e  <-- 1 4 . 7 6 )  

Three  hundred twenty-one patients had a normal 
esophageal acid exposure over the 24-hour pH study. 
Twenty-two percent (70/321) of these patients had an 
abnormal postprandial esophageal acid exposure, but 
the time of  exposure was not sufficient to make the 
24-hour study abnormal. The  differences in these pa- 
tients compared to normal subjects are seen in Table 
II. Patients with an abnormal postprandial reflux had 
shorter sphincter lengths and lower sphincter pres- 
sures than patients with normal postprandial acid re- 
flux (Fig. 4). 

The  prevalence of postprandial reflux in the pa- 
tients with a hiatal hernia was 45 %, which was signif- 
icandy greater (P <0.001) than the prevalence of 14% 
in the patients without a hernia. To determine the ef- 
fects of a hernia independent from sphincter integrity, 
patients with and without a hernia were divided into 
those with a structurally intact sphincter and those 
with a structurally defective sphincter (Tables III and 
IV). A significant increase in postprandial reflux was 
seen in those patients with a hernia (Fig. 5), irrespec- 
tive of their sphincter status, demonstrating the inde- 
pendent effect of  a hiatal hernia in augmenting post- 
prandial reflux. 

Table Ill.  Manometric sphincter characteristics of patients with a normal 24-hour pH score and a 
structurally intact sphincter, with and without a hiatal hernia 

No hernia Hernia 
(n = 46) (n = 12) Significance 

Total length (cm) 
Intra-abdominal length (cm) 
Sphincter pressure (mm Hg) 

3.19 ,+ 0.57 2.85 ,+ 0.45 0.054 
1.89 -+ 0.49 1.60 -+ 0.34 0.050 

17.31 -+ 8.48 12.47 -+ 3.82 0.051 

Table IV. Manometric sphincter characteristics of patients with a normal 24-hour pH score and a structurally 
defective sphincter, with and without a hiatal hernia 

No hernia Hernia 
(n = 27) (n = 35) Significance 

Total length (cm) 2.25 -+ 0.89 2.32 ,+ 1.05 0.785 
Intra-abdominal length (cm) 0.85 -+ 0.54 0.65 -+ 0.55 0.172 
Sphincter pressure (mm Hg) 8.01 -+ 4.86 8.88 -+ 8.82 0.646 
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Fig. 5. The effect of a hernia on postprandial reflux time for patients with a normal 24-hour pH study 
divided into those with a structurally intact LES and those with a structurally defective LES. 
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The  prevalence of postprandial reflux in patients 
with esophagitis was 58% (7/12), which was signifi- 
cantly higher (P <0.001) than the prevalence of 18% 
(18/98) in patients without esophagitis. Fur ther-  
more, the prevalence of  postprandial reflux in the 
patients with Barrett's esophagus was 60% (6/10), 
which was significantly higher (P = 0.018) than the 
prevalence of 23 % (25/110) in patients without Bar- 
rett's esophagus. 

D I S C U S S I O N  

An important physiologic function of the LES is 
its ability to vent the stomach of swallowed gas, which 
has been calculated to be in excess of 3000 ml/day. 17 
This venting of air is most common in the postpran- 
dial period and is likely to be associated with reflux of 
gastric contents)  8 The  mechanism by which this is 
achieved is through a progressive unfolding of the 
LES and mechanical shortening of the sphincter dur- 
ing gastric distention. 19 As structural deficiencies in 
the sphincter become evident, there is a progressive 
increase in the percentage of  postprandial reflux. 
Thus postprandial reflux shows a stepwise increase 
from those patients with only a poor LES pressure, to 
those patients with only insufficient sphincter length, 
to those patients demonstrating the greatest amount 
of postprandial reflux, whose sphincters were defec- 
tive by a combination of length and pressure. 

Structural integrity of the sphincter is therefore 
not only important in the prevention of positional re- 
flux such as bending, stooping, and lying down, but is 
also important in the postprandial period. Thus, al- 
though a patient may have a structurally normal 
sphincter, the volume-induced shortening may be ex- 
cessive and lead to a pathologic increase in reflux only 
in the postprandial period. The present study demon- 
strates that this occurs in approximately one third of 
symptomatic patients with normal LES characteris- 
tics. Similarly there is a group of patients (22%) who 
have normal 24-hour esophageal acid exposure but 
have abnormal postprandial reflux after meal-induced 
gastric volume stress. These patients clearly have 
structurally intact and competent sphincters during 
most of the interprandial period of the day, but their 
sphincters become dynamically defective and incom- 
petent in the 2-hour postprandial period. 

Occasionally the presence of Barrett's esophagus 
and esophagitis was seen in patients with negative 24- 
hour pH~studies. In these patients postprandial reflux 
was significantly greater than normal and serves as a 
dynamic indicator of volume-induced sphincter in- 
competency after a meal. 

This study also demonstrates the additive influence 
of a hiatal hernia in volume-induced reflux. It appears 
that the presence of a hernia results in a more pro- 

nounced sphincter unfolding and loss of competency 
during gastric distention. This was independent of the 
manometric sphincter characteristics, which have 
been shown to be inferior in patients with hiatal her- 
nia. 2° Patients with a structurally defective LES and 
hiatal hernia had significantly greater postprandial re- 
flux than those without a hernia despite similar 
sphincter characteristics of length and pressure (see 
Table IV and Fig. 5). 

Postprandial reflux is possibly the first step in the 
genesis of  GERD. It has been shown to occur before 
pathological acid exposure can be demonstrated and 
before the detection of a structurally defective valve. 
These results raise the possibility of prevention of vol- 
ume-induced sphincter shortening in symptomatic 
patients by means of a valvuloplasty or by dietary ma- 
nipulation, which involves restricting the meal vol- 
ume or diet to foods known to empty more rapidly 
from the stomach. 
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Discussion 
Dr. M. Patti (San Francisco, Calif.). In patients with 

postprandial reflux and an incompetent sphincter, what has 
been your experience with surgery? Should we operate on 
these patients? What difference do you see in length and 
pressure between patients who have only upright reflux and 
those who eventually develop supine reflux? 

Dr. R.J. Mason. We have shown experimentally that a 
Nissen fundoplication maintains sphincter length during 
gastric distention and that is most probably how it works 
because it maintains the sphincter length at an adequate 
level following a meal. If you look at the sphincter length in 
patients in the present study, although their sphincters were 
still structurally normal, they were significantly shorter than 
the sphincters of normal volunteers. A Nissen fundoplica- 
tion will, in those patients, still prevent the dynamic short- 
ening that occurs with distention after a meal. You can pre- 
sume that a Nissen fimdoplication will be effective in those 
patients and, as demonstrated in the finding presented ear- 
lier, we have a group of patients who we have operated on 
with structurally normal sphincters. 

D~. T. Gadacz (Augusta, Ga.). Did you look at other fac- 
tors, such as age, sex, or even volume of meals, that might 
account for this potential shortening and postprandial re- 
flux? 

D~. Mason. There were no differences relating to age or 
sex and as far as volume is concerned, we did not control 
for it, but you raise a good point and we are now control- 
ling for volume in our laboratory. We are trying to control 
for the meal, size, and volume that patients consume when 
they go home with the 24-hour pH probe. Also, the 
amount of air that is swallowed with each meal cannot be 
controlled, and that will remain a variable factor. 

Dr. D. Dempsey (Philadelphia, Pa.). Do you envision 
finding a subgroup of patients in whom you may be able to 
avoid 24-hour studies? Perhaps a 2-hour study is sufficient? 

D~. Mason. I think 24-hour studies are still needed. I did 
not elaborate but there is a significant difference in post- 
prandial reflux between patients with upright reflux and 
those with supine reflux, which seems to show that those 
with supine reflux are a different category of patients. I 
think we will not be able to stop doing 24-hour pH studies 
just yet because we will not be able to identify that group of 
patients with supine reflux because supine reflux seems to 
be different from all other categories and can only be iden- 
tified on 24-hour pH studies. 



Effect of Duodenal Components of the Refluxate 
on Development of Esophageal Neoplasia in Rats 

Yosbinori Yamashita, M.D., Kiicbi Homma, M.D., Norio Kako, M.D., Geoffery W.B. Clark, M.D., 
Thomas C. Smyrk, M.D., Ronald A. Hinder, M.D., Thomas E. Adrian, Ph.D., 
Tom R. DeMeester, M.D., Sidney S. Mirvisb, Ph.D. 

When duodenal content is allowed to reflux into the esophagus of nitrosamine-treated rats, esophageal 
cancer is induced more rapidly and at higher frequency than after carcinogen treatment alone. The pur- 
pose of the present study was to identify the components of the duodenal content that are responsible for 
enhancing esophageal carcinogenesis. Eight-week-old Sprague-Dawley rats underwent one of four op- 
erations as follows: diversion of bile alone, pancreatic juice alone, both bile and pancreatic juice into the 
esophagus, or a control operation with no induced reflux. Two weeks after surgery, rats were treated with 
the esophageal carcinogen 2,6-dimethylnitrosomorpholine (48 mg/kg [0.1 of LDs0] intraperitoneally 
weekly for 20 weeks). The rats were killed at age 30 weeks. The esophagus was removed and full-length 
strips were examined under a microscope; separate segments were taken for flow cytometric evaluation. 
The prevalence of DNA aneuploidy and histologic esophageal papillomas or squamous cancer was in- 
creased in carcinogen-treated rats with pancreatic juice reflux (P <0.05 vs. control) and the combination 
of pancreatic and bile reflux (P <0.05 vs. control) but not in rats with bile reflux alone. We conclude that 
pancreatic juice is the most potent component of the duodenal refluxate in the promotion of esophageal 
carcinogenesis in rats. (J GASTROINTEST SURG 1998;2:350-355.) 

Acquired columnar-lined lower esophagus, known 
as Barrett's esophagus, develops as a complication of 
gastroesophageal reflux. The  association between 
Barrett's esophagus and adenocarcinoma of the 
esophagus has been convincingly shown. Some recent 
reports have implicated duodenogastroesophageal re- 
flux as a cause of  complications in Barrett's esopha- 
gus, including adenocarcinoma.l-4 

In rats, esophageal papillomas and squamous cell 
carcinomas can be induced by various nitrosamines. 
Duodenoesophageal reflux together with gastric juice 
induces lower esophageal adenocarcinoma in rats 
treated with 2,6-dimethylnitrosomorpholine (DMNM) 
or methyl-n-amylnitrosamine (MNA.N). 5-7 Duodenal 
content therefore causes esophageal adenocarcinoma, 
in contrast to the effect of carcinogen alone, which 
induces only squamous cell tumors. Duodenal juice 
contains bile, pancreatic juice, and mucosal secretions. 

It is not  clear which component  or combination ot 
these components plays a role in producing Barrett's 
esophagus, adenoearcinoma, or squamous cell carci- 
noma. In the present study esophageal neoplasms 
were induced in a rat esophageal reflux model to in- 
vestigate the effects of  the different Components ot 
duodenal juice in the production of esophageal tu- 
mors. To simplify the interpretation of  results, acid 
reflux was prevented in all rats. 

M A T E R I A L  A N D  M E T H O D S  
Animals  and Expe r imen ta l  G r o u p s  

One hundred seventy-nine 8-week-old male 
Sprague-Dawley rats underwent operation. Survivors 
were kept under standard laboratory conditions and 
fed a pellet diet and water ad libitum. During 
D M N M  treatment and for 1 week thereafter, rats 

From the Departments of Surgery (Y.Y., K.H., N.K., and G.W.B.C.), Pathology (T.C.S.), and Physiology (T.E.A.), Creighton University 
School of Medicine, Omaha, Neb.; the Department of Surgery, Mayo Clinic (R.A.H.), Jacksonville, Fla.; the Department of Surgery, 
University of Southern California School of Medicine (T.R.D.), Los Angeles, Calif.; and the Eppley Institute for Research in Cancer 
(S.S.M.), University of Nebraska Medical Center, Omaha, Neb. 
Reprint requests: Ronald A. Hinder, M.D., Department of Surgery, Mayo Clinic, 4500 San Pablo Rd., Jacksonville, FL 32224. 

350 



Vol. 2, No. 4 
1998 Esophageal Carcinogenesis by Duodenal Refluxate 351 

were housed in a laminar flow hood to remove volatile 
carcinogens. Rats were divided into the following four 
groups: bile reflux (B, n = 23), pancreatic juice reflux 
(P, n = 20), both bile and pancreatic juice reflux (B + 
P, n = 26), and a control group (C, n = 28). Each of 
the four groups was divided into two subgroups; one 
was given carcinogen and the other was not. 

Surgical Procedures 

Operations were carried out under  general anes- 
thesia using intramuscular injections of a mixture of 
xylazine (100 mg/ml)  and ketamine (10 mg/ml). An 
initial dose of 0.4 ml/kg body weight  was adminis- 
tered to induce anesthesia and additional doses were 
given as necessary to maintain adequate anesthesia. In 
a sterile operation field an upper median laparotomy 
was made on the shaved abdominal wall. Silk (4-0) 
and polypropylene (7-0) were used to ligate blood 
vessels and to complete anastomoses in a single layer. 
Four types of operation were carried out on randomly 
selected rats. 

Control (Group C) (Fig. 1, A). This  group had no 
reflux of duodenal or gastric content into the esopha- 
gus. At a point 4 cm distal to the ligament of Treitz, 
the jejunum was divided. Total gastrectomy was per- 
formed, followed by a Roux-en-Y esophagojejunos- 
tomy. A jejunojejunostomy was fashioned 2 5 cm dis- 
tally from the esophagojejunostomy. 

Bile Rq[tux (Group B) (Fig. 1, B). Bile without pan- 
creatic juice was allowed to reflux into the esophagus. 
The  jejunum was divided 4 cm distal to the ligament 
of Treitz. T h e  esophagus was cut at the esophagogas- 
tric junction. The  stomach was left intact since pilot 
experiments had shown a high mortality rate after to- 
tal gastrectomy in this group. An esophagojejunos- 
tomy and jejunojejunostomy were fashioned to create 
a Roux loop as shown in Fig. 1, B, with 25 cm be- 
tween the two anastomoses. A choledochojejunos- 
tomy was fashioned to the tip of the Roux loop over a 
22-gauge catheter. 

Pancreatic Juice Reflux (Group P) (Fig. 1, C). 
This  was designed to produce chronic esophageal re- 
flux of pancreatic juice without  bile. After total gas- 
trectomy, an esophagojejunostomy was per formed 
just beyond the ligament of  Treitz, and the common  
bile duct was then anastomosed to the jejunum 25 cm 
distal to the esophagojejunostomy over a 22-gauge 
catheter. 

Both Bile and Pancreatic Juice Reflux (Group 
B + P) (Fig. 1, D). A total gastrectomy with esophago- 
duodenostomy to the proximal duodenum was per- 
formed just proximal to the entry of the ampulla of 
Vater. 

C a r c i n o g e n  

2,6-Dimethylni t rosomorphol ine was used as the 
chemical carcinogen to induce carcinoma of  the 
esophagus. It was synthesized by slow addition of HC1 
to an aqueous solution of  2 ,6-dimethylmorphol ine 
(Aldrich Chemical Co., Milwaukee, Wis.) and sodium 
nitrite cooled in ice. The  mixture was kept for I hour  
at room temperature  and extracted with dichlo- 
romethane. The  extract was dried over sodium sulfate 
and the solvent was evaporated to give a mixture of 
the syn and anti isomers of almost pure DMNM.  This 
showed an ultraviolet maximum in dichloromethane 
at 359.5 nm (molar extinction coefficient 107) and a 
proton nuclear magnetic  resonance spectrum in 
CDCL3 with peaks at 1.25 and 1.36 (CH3) , 2.33 and 
3.43 (CH2N), and 4.65 and 4.94 (CHO) ppm. These 
properties were not  fully described in previous re- 
ports.4, 8 

Administration of D M N M  commenced  2 weeks 
after the operation at 10 weeks of age. An intraperi- 
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Fig. 1. Operative procedures in the four groups. A, Group C 
(control); B, Group B (bile reflux); C, Group P (pancreatic 
juice reflux); D, Group B + P (both bile and pancreatic juice 
reflux). B = choledochus; D = duodenum; E = esophagus; 
G = stomach; J = jejunum; P = pancreas. 
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toneal injection of D M N M  was given at a dose of 48 
mg/kg weekly. Each dose was 10% of the median 
lethal dose (LDs0) (486 mg/kg in male rats; 386 
mg/kg in female rats). 9,1° The D M N M  was dissolved 
in 0.5 to 1.0 ml of saline solution without antibiotics. 
Carcinogen administration was continued weekly for 
19 weeks until the rats were 29 weeks old. The  total 
dose of D M N M  was 1.88 × LDs0. 

Evaluation of Specimens 

M1 rats in the carcinogen-treated groups were 
weighed weekly. Rats that died before 30 weeks of age 
underwent autopsy. At 30 weeks of age the rats were 
killed by an overdose of phenobarbital. At the time 
they were killed, serum gastrin levels of all animals 
were determined by radioimmunoassay. 11 The esoph- 
agus was removed with the proximal esophagus at- 
tached to the trachea. The  thoracic and abdominal 
cavities were inspected for tumors. The entire diges- 
tive system was inspected and fixed in 10% buffered 
formalin. 

The  esophagus was opened longitudinally to in- 
spect the lumen and macroscopic characteristics of le- 
sions in the esophagus were recorded. The esophagus 
was laid in a single cassette in a "Swiss-roll" fashion so 
that its full length could be examined en bloc under 
the microscope; specimens were stained with hema- 
toxylin and eosin. Squamous cell carcinomas were di- 
agnosed as showing penetration beyond the muscu- 
laris mucosae to distinguish squamous cell carcinoma 
from dysplasia. In selected samples, mucicarmine, 
high-iron diamine for sulfated mucins, and Mcian 
blue at pH 2.5 were used to identify acid mucin. The 
tissues were examined by a histopathologist (T.C.S.) 
who was unaware of the treatment of individual rats. 
The cellular DNA content of paraffin-embedded his- 
tologic material from animals given carcinogen was 
analyzed. After 50 I~ sections were dewaxed with xy- 
lene, the samples were prepared for flow cytometry 
using a Coulter EPICS 541 flow cytometer (Coulter 
Corp., Miami, Fla.) and the DNA ploidy status was 
ascertained. 12 

Statistical Analysis 

Fisher's exact test was used to determine tumor in- 
cidence and aneuploidy rate. Student's t test was used 
for rat weight and gastrin levels. Significance was 
taken at P <0.05. 

R E S U L T S  

Of  the 179 original rats in all groups, 25 died of ap- 
parent carcinogen toxicity and/or malnutrition and 21 

Table I. Presence of benign diffuse papillomatosis 

Carcinogen 

Reflux model Absent Present 

Group C 9/16 (56%) 6/12 (50%) 
Group B 4/10 (40%) 5/13 (38%) 
Group P 8/10 (80%) 9/10 (90%)* 
Group B + P 8/11 (73%) 14/15 (93%)* 

*P <0.05 vs. groups B and C. 

died within 72 hours of the operation. Other caus~ 
of death were ileus (n = 11), failed operation (n = 9 
peritonitis (n = 7), liver abscess (n = 4), and unknow 
(n = 5). Only the 97 rats surviving for 30 weeks we1 
used to constitute the study groups. The  rats in a 
DMNM-treated  groups retained their body weig[ 
during the study with no significant changes betwee 
the starting and ending weights. 

Gastrin Levels 

There was no significant difference in serum ga~, 
trin levels among the four groups, even though th 
distal stomach was not removed in group B. Gastri 
levels were significantly reduced in the D M N M  
treated groups compared to those not given DMNN 
except for group P. 

Frequency and  T y p e  of Tumor 

Benign diffuse papillomatosis was observed in th 
lower two thirds of the esophagus in 38% to 93% c 
the rats (Table I). In the DMNM-free  groups, this le 
sion was seen more in groups P and B + P than in th 
other groups, but this difference was not significan 
For the DMNM-treated groups, benign diffuse pap 
illomatosis production in groups P and B + P was sig 
nificanfly higher than in groups B and C. 

Squamous cell carcinoma only occurred in th 
DMNM-trea ted  groups (Table II). No  Barrett 
esophagus or adenocarcinoma was observed in any c 
the rats. Groups P and B + P had an incidence c 
40% for squamous cell carcinoma, which was signifi 
cantly higher than in control group C in which n 
carcinomas were seen (P <0.05, see Table II). Fig. 
shows a representative squamous cell carcinoma. I: 
group B only one rat developed a squamous cell car 
cinoma (8%). Dysplasia was seen in 31% to 70% c 
rats treated with DMNM. No carcinomas were foun 
in the other digestive organs in any of the groups. 1 
high rate of aneuploidy was seen in groups P and B - 
P (22% and 27%, respectively) (see Table II). Non 
of the rats in groups B and C had aneuploidy. 
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Table II. Production rates for squamous cell carcinoma, dysplasia, and aneuploidy 
in carcinogen-treated rats 

lIeflux model 

Group C 
Group I3 
Group P 
Group R + P 

Squamous cell 
ClTCillOIOa 

O/l2 (0%) 
l/13 (8%) 
4/10 (40%)’ 
6/15 (40%)* 

Dysplasia Aneuploidy 

4/12 (33%) O/10 (O%> 
4/13 (3 1%) o/10 (0%) 
7/10 (70%) 219 (22%) 
7115 (47%) 4A.5 (27%) 

‘P 4.05 vs. control (group C). 

Fig. 2. Squamous cell carcinoma of the esophagus in a rat from group B + P. There is distinct invasion 
of cancer cells, which penetrate the muscularis mucosae into the submucosa. 

DISCUSSION 

In this study it was found that with the esophageal 
reflux of pancreatic juice alone, or together with bile, 
there was promotion of the appearance of esophageal 
squamous cell carcinoma and esophageal papillomas 
but reflux of bile alone did not have this effect, In hu- 
mans the reflux of duodenal content into the esopha- 
gus may be partly responsible for reflux esophagi&. 
This view is supported by clinical evidence that inhi- 
bition of acid and pepsin production by drugs such as 
Hz blockers do not consistently cure reflux esophagi- 
tis. Bile is present in greater concentration in the 
stomach and esophagus of patients with severe 
esophagitis or Barrett’s esophagus.l-3 There is a high 
incidence of gastric and esophageal cancer in patients 
after gastrectomy, in which free reflux of duodenal 
content into the stomach and esophagus occurs.f3++ 
In animal studies it has been reported that both bile 
and pancreatic juice can cause esophageal mucosal 
damage, whereas gastric juice has less of an effect.15-‘* 
In our study pancreatic juice reflux produced more 
benign diffuse papillomatosis and squamous cell car- 

cinoma in carcinogen-treated rats than did bile reflux 
alone. Kranendonkls also found that reflux of pancre- 
atic juice, alone or in combination with bile or gastric 
juice, produced lesions in the esophagus of rats. 

TO shorten the tumor induction time, DMNM was 
used in our study. There are reports of the induction 
of esophageal squamous cell carcinoma and adeno- 
carcinoma in the rat duodenogastric reflux model 
with gastric acid present even without carcinogen ad- 
ministration,lg indicating that duodenal juice can be 
an initiator as well as a promoter of esophageal cancer. 
In our study pancreatic juice was a promoter but bile 
was not. In a previous study we showed that gastric 
juice reflux-induced by esophagogastroplasty did not 
produce adenocarcinoma in DMNM-treated rats.5 
Seto et aL20 reported that total gastrectomy with al- 
kaline reflux and MNAN treatment produced only 
squamous ceil carcinoma’s but not adenocarcinoma of 
the esophagus in rats, which is consistent with our re- 
sults. Hence gastric juice without the influence of 
duodenal juice induces injury to the esophageal mu- 
cosa rather than producing malignancy,ls We postu- 
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late that initial or simultaneous exposure to gastric 
acid is required to produce esophageal adenocarci- 
noma. 

While these experiments were in progress, Pera et 
al. zl reported similar experiments in which they also 
treated rats with DMNM after performing various di- 
version operations. In their tests both squamous cell 
carcinomas and adenocarcinomas of the esophagus 
were induced. Groups with pancreatic, biliary, and 
pancreatic plus biliary reflux showed esophageal can- 
cer incidences of 14%, 0%, and 33%, respectively. 
Hence pancreatic reflux appeared more important 
than bile reflux in inducing esophageal cancer. Our 
results confirm these findings using somewhat differ- 
ent surgical procedures and different doses of 
DMNM. 

We detected esophageal squamous cell carcinomas 
but no esophageal adenocarcinomas in any of the rats, 
even though Pera et al. 6 and our group previously 
observed esophageal adenocarcinomas in rats with 
duodenoesophagostomies that were treated with 
DMNM. The reason for this difference is unclear. 
The DMNM dose is probably not responsible for the 
difference since it was the same as that used previously 
by us but was 10 times the dose used by Pera et al. 21 

We found no carcinomas in group C treated with 
D M N M  alone. In previous reports approximately 
20% to 40% of rats receiving the same dose of 
DMNM would have developed squamous cell carci- 
noma of the esophagus in the absence of a co- 
carcinogen. This difference may be due to our strict 
definition of tissue invasion for the diagnosis of carci- 
noma. The transition from dysplasia to squamous cell 
carcinoma is complicated. 22 

The stomach was preserved intact in the bile reflux 
group because of the surgical stress of total gastrec- 
tomy in this group but was removed in the other 
groups. Despite this difference the serum gastrin level 
in the bile reflux group was no different than that in 
the other groups, suggesting that the presence of the 
isolated stomach did not significantly alter the results 
in this group. 

Pancreatic juice contains trypsin, chymotrypsin, 
phospholipase A2, and other digestive enzymes. The 
proportion of the components of these enzymes in 
pancreatic juice is not constant. If it were possible to 
find which ingredient or combination of ingredients 
plays a role in esophageal carcinogenesis, more spe- 
cific experiments could be designed to define their 
role. Antagonists of pancreatic secretions such as the 
synthetic protease inhibitor camostat mesylate are 
possibilities for the future. 23'24 

We conclude that pancreatic juice may play a sig- 
nificant role as a co-carcinogen with DMNM for the 
induction of squamous cell carcinoma of the esopha- 

gus in rats. Our studies suggest that esophagitis in- 
duced by gastric juice might be simultaneously re- 
quired to produce Barrett's esophagus or adenocarci- 
noma, since these lesions were not seen by us when 
acid reflux was excluded. It remains to be determined 
whether this result is due to direct genotoxity or to 
chronic inflammation with damaged mitotic activity 
during repair. 
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Ethanol Inhibits Sphincter of Oddi Motility 
Sean Tierney, ER.C.S.L, Zhiping Qian, M.D., Pamela A. Lipsett, M.D., 
Henry A. Pitt, M.D., Keith D. Lillemoe, M.D. 

Patients with alcohol-induced liver disease are at increased risk for pigment gallstones, which are known 
to be particularly associated with biliary stasis. Although the effects of ethanol on the sphincter of Oddi 
are thought to contribute to alcoholic pancreatitis, the precise effects of ethanol on the biliary component 
of the sphincter of Oddi are unclear. In the prairie dog the common bile and pancreatic ducts enter the 
duodenum separately, facilitating pressure measurement in the sphincter choledochus in isolation. We there- 
fore used this model to test the hypothesis that ethanol administration alters sphincter of Oddi motility. 
Twenty-six male prairie dogs fed a nonlithogenic diet were studied. With the animals under c~-chloralose 
anesthesia, a side-hole pressure-monitored perfusion catheter was positioned in the sphincter of Oddi and 
femoral arterial and venous catheters were placed. Sphincter of Oddi phasic wave frequency (F), ampli- 
tude (A), and motility index (MI = F × A) and arterial blood pressure were monitored at 10-minute in- 
tervals before (baseline), during 20-minute intravenous infusions of 15 mg/kg (n = 9), 150 mg/kg (n = 
10), and 1.5 g/kg (n = 7) ethanol and for 20 minutes after ethanol infusion. The 15 mg/kg dose of ethanol 
had no effect, the 150 mg/kg dose tended to reduce sphincter of Oddi motility, and significant reductions 
in sphincter of Oddi amplitude and motility index were seen at the 1.5 g/kg dose. These data demonstrate 
that ethanol infusion inhibits both sphincter of Oddi amplitude and motility index and that this effect per- 
sists for at least 20 minutes following ethanol infusion. Ethanol may contribute to gallstone formation by 
altering biliary sphincter motility. (J GASTROrNTEST SURG 1998;2:356-362 .) 

Chronic alcohol abuse has long been known to be 
associated with an increased risk of acute and chronic 
pancreatitis and chronic liver disease. The direct ef- 
fects of  ethanol on sphincter of  Oddi motility, as 
demonstrated in animal models 1-3 and in humans, 4-6 
have long been implicated as one of the factors con- 
tributing to the etiology of alcohol-induced pancre- 
atitis. However, there is considerable conflict among 
these reports as to the precise nature of the effects of  
alcohol on the sphincter of Oddi. 

Epidemiologic studies have shown that the risk of 
developing cholesterol gallstones is reduced in 
chronic abusers of alcohol. However, these patients 
are at increased risk of developing pigment stones. 7,8 
The association between chronic alcohol abuse and 
pigment stones 9 may be mediated, in part, by the ef- 
fects of alcohol on biliary motility and, in particular, 
on the biliary component of the sphincter of Oddi. 
Specifically biliary stasis, a key factor in the formation 
of  pigment stones, 1° may occur as a result of altered 
sphincter of Oddi motility. 

Boyden, H in a seminal work on the anatomy of the 
sphincter of Oddi in humans, described the sphincter 

as having three components: the sphincter choledochus, 
the sphincter pancreaticus, and the sphincter ampullae. 
Some studies have suggested that the pancreatic and 
biliary components of the sphincter of Oddi may re- 
spond differently to ethanol)  2 The  prairie dog has 
been widely used as a model for many aspects of hu- 
man gallstone formation. The  extrahepatic biliary 
anatomy is very similar to that of humans with the ex- 
ception that the common bile and pancreatic ducts 
enter the duodenum separately. 13 Thus it is an ideal 
model in which to test the effects of alcohol on bil- 
iary motility in isolation. The  present study was de- 
signed to test the hypothesis that ethanol promotes 
biliary stasis through alterations in motility of the bil- 
iary component of the sphincter of Oddi. 

M E T H O D S  

Twenty-six adult male prairie dogs (Cynomys 
ludovicianus), obtained from Otto Martin Locke (New 
Braunfels, Tex.), were used in this investigation. The  
animals were caged in thermoregulated rooms (23 ° C) 
with physiologic sleep/wake cycles and were main- 
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rained on a trace cholesterol, nonlithogenic diet (Pu- 
rina Laboratory Chow, Ralston-Purina Co., St. Louis, 
Mo.) for at least 1 month prior to study. 

Immediately prior to the experiments, each animal 
was fasted for 16 hours but allowed water ad libitum. 
Anesthesia was induced with ketamine (100 mg/kg in- 
tramuscularly), and a 24-gauge cannula was inserted 
into the femoral vein. Anesthesia was maintained 
thereafter with intermittent intravenous infusion of 
et-chloralose (2 mg/kg/hr) alternated with lactated 
Ringer's solution infused at a rate of 0.2 ml/min. A 
24-gauge femoral arterial catheter was also inserted 
to monitor systemic blood pressure during the exper- 
iment. Body temperature was maintained between 
36.5 ° and 37.5 ° C with a warming pad. 

The extrahepatic biliary tree, duodenum, and 
stomach were exposed through an upper midline ab- 
dominal incision, and the gallbladder was aspirated 
with a 19-gauge needle. A 20 cm long polyethylene 
catheter (0.50 mm inside diameter) was inserted into 
the gallbladder through the aspiration hole and se- 
cured with a 3/0 silk tie. A similar 25 cm long poly- 
ethylene catheter was introduced into the common 
bile duct through a proximal choledochotomy and se- 
cured with a 3/0 silk tie to drain gallbladder perfusate 
and hepatic bile. A second choledochotomy was made 
more distally, and a 25 cm custom-made triple-lumen 
perfusion catheter (Arndorfer Medical Specialties, 
Greendale, Wis.) was inserted through the distal com- 
mon bile duct into the duodenum. 

The side-hole pressure-monitored perfusion 
catheter measured 1 mm in outer diameter at the tip. 
The proximal and distal ports were separated by 4 
mm and were located at 5 and 1 mm, respectively, 
from the dosed end of the catheter. Using a pull-back 
technique, the proximal port was positioned in the 
sphincter of Oddi. The sphincter is identified as a 
high-pressure zone exhibiting spontaneous phasic 
wave activity as previously described. 14 The distal port 
remained in the duodenum, which has a baseline pres- 
sure of approximately 0 mm Hg. In addition, an 8 F 
drainage catheter was placed in the proximal duode- 
num via a gastrostomy to decompress the stomach 
and duodenum. Each of the lumens of the triple- 
lumen catheter and the gallbladder catheter were per- 
fused with degassed water at 0.15 ml/min using a mi- 
crocapillary infusion system (J.S. Biomedicals, Ven- 
tura, Calif.). Pressure changes within the perfusion 
system were recorded on a Dynograph R611 recorder 
(Sensormedics Corp., Anaheim, Calif.) using P-23 
pressure transducers (Gould, Oxnard, Calif.) to detect 
changes in pressure in the system. 

Gallbladder pressure, systemic blood pressure, and 
sphincter of Oddi phasic wave amplitude and fre- 
quency were monitored continuously during the ex- 

periment. A motility index (MI) was calculated for the 
sphincter of Oddi as the product of the mean ampli- 
tude and frequency over each 10-minute period. After 
1 hour of stabilization, baseline sphincter of Oddi ac- 
tivity and gallbladder pressures were recorded over a 
10-minute period. A single dose of ethanol--15 
mg/kg (n = 9), 150 mg/kg (n = I0), or 1.5 g/kg (n = 7) 
chosen at random--was administered to each animal. 
Sphincter of Oddi and gallbladder activity during in- 
fusion and during the 20 minutes following infusion 
were compared to baseline (preinfusion) values using 
the Wilcoxon signed-rank test. Analysis of variance 
and Fisher's least significant difference were used to 
compare the effects of the different doses. Both the 
raw data and the values normalized to the baseline pe- 
riod were evaluated. Results are expressed as mean ___ 
standard error of the mean. 

RESULTS 

The effects of ethanol infusion on sphincter motil- 
ity, gallbladder pressure, and mean arterial blood 
pressure are illustrated in Table I. Compared to base- 
line values, the amplitude of sphincter of Oddi phasic 
wave contractions was significandy reduced during 
the 20 minutes of ethanol infusion at the 1.5 g/kg 
dose and remained significantly below baseline dur- 
ing the subsequent 20 minutes. No significant effect 
on amplitude was seen at either of the lower doses. 
The reduction in sphincter of Oddi amplitude nor- 
malized to baseline in response to 1.5 g/kg was statis- 
tically significant compared to 15 mg/kg at each of the 
time points studied (Fig. 1). 

Normalized sphincter of Oddi phasic wave fre- 
quency was significantly reduced during the first 10- 
minute period of infusion of the 1.5 g/kg dose and 
during the first 10 minutes of the recovery period 
(Fig. 2). Frequency was also reduced during the sec- 
ond 10 minutes of infusion of the 15 mg/kg dose and 
during the second 10 minutes of infusion of the 150 
mg/kg dose. This reduction in frequency was main- 
tained during the recovery period following the 150 
mg/kg dose. Although ethanol tended to reduce 
sphincter of Oddi frequency, there was no consistent 
dose-effect response and there were no statistically 
significant differences between the groups. 

The lowest dose (15 mg/kg) had no significant 
effect on overall sphincter of Oddi motility as deter- 
mined by the motility index (Fig. 3). The 150 mg/kg 
dose tended to reduce the motility index, but this ef- 
fect was statistically significant only during the first 
10 minutes of ethanol infusion. The 1.5 g/kg dose 
caused an immediate and sustained reduction in the 
motility index, which persisted during the entire pe- 
riod of infusion and the recovery period. This reduc- 
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T a b l e  I. Effects o f  e thanol  infusion on sphincter  o f  Oddi  frequency, ampli tude and mot i l i ty  index, gallbladder 

pressure, and mean  arterial pressure 

Amplitude Frequency Motility Gallbladder Mean arterial blood 
Dose (mm Hg) (No./10 min) index pressure (mm Hg) pressure (mm Hg) 

Ethanol (15 mg/kg) 
Baseline 7.7 -+ 1.2 66 + 13 500 -+ 14 13 ± 3 90 -+ 14 

Infusion 
0-10 min 7.9 + 0.9 57 +- 11 455 +- 90 12 + 3 96 + 16 

10-20 min 8.5 -+ 1.1 54 --- 7* 451 +- 66 I1 ± 2 96 + 16 
Postinfusion 

0-10 min 8.4+-0.9 5 7 + 1 0  471+-84 11+-2 94+-14 
10-20 min 8.3 +- 0.9 63 + 13 521 -+ 114 12 + 3 94 +- 14 

Ethanol (150 mg/kg) 
Baseline 9.2 _+ 1.3 48 +- 3 458 +- 85 16 ± 2 78 ± 17 

Infusion 
0-10 min 7.9 _ 1.1" 46 +- 3 377 +- 67* 17 ± 2 77 +- 17 

10-20 min 7.9 +- 1.5 43 +- 4* 352 +- 80 16 ± 2 53 ± 18 
Postinfusion 

0-10 min 8.3 +- 1.5 41 ± 3 330 ± 54* 16 ± 2 54 ± 17 
10-20 min 8.4 -+ 1.4 41 ± 3* 353 +- 64 16 ± 2 54 +- 17 

Ethanol (1.5 g/kg) 
Baseline 12.5 -+ 2.5 48 +- 3 570 +- 88 15 ± 2 123 -+ 14 

Infusion 
0-10 min 10.1 - 2.7* 42 ± 3* 410 ± 92* 16 ± 2 123 -+ 12 

10-20 min 9.7 +- 2.2* 43 ± 4 399 + 68* 16 ± 2 90 -+ 24 
Postinfusion 

0-10 min 8.3 -+ 2.1" 38 ± 5 302 +- 62* 15 ± 2 91 +- 24 
10-20 min 9.8 ± 2.9 41 +- 5 384 ± 94* 15 ± 2 91 + 24 

*P <0.05 vs. baseline (Wileoxon). 
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Fig. 1. Percentage change from baseline in sphincter of Oddi phasic wave amplitude in response to in- 
fusion of each dose of ethanol (*P <0.05 vs. own baseline; t<0.05 vs. 15 mg/kg dose). 
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Fig. 2. Percentage change from baseline in sphincter of Oddi phasic wave frequency in response to in- 
fusion of each dose of ethanol (*P <0.05 vs. own baseline). 
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Fig. 3. Percentage change from baseline in sphincter of Oddi phasic wave motility index in response to 
infusion of each dose of ethanol (*P <0.05 vs. own baseline; t<0.05 vs. 15 mg/kg dose). 
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tion was also significant when compared to the effects 
of the 15 mg/kg dose using analysis of variance. 

There  was no significant change in mean gallblad- 
der pressure during or following infusion of any of the 
doses of ethanol used in this experiment. Similarly, al- 
though ethanol at the 1.5 g/kg dose tended to reduce 
the mean arterial blood pressure, this effect did not  
reach statistical significance. 

DISCUSSION 

This experiment demonstrates that ethanol inhibits 
biliary sphincter of Oddi motility in a dose-dependent 
manner. The  effects on motility are mediated primar- 
ily through a reduction in sphincter phasic wave am- 
plitude, although the frequency of phasic wave con- 
tractions was also reduced. Ethanol, at the doses used 
in this experiment, had no significant effect on the 
gallbladder or mean arterial blood pressure. In the 
prairie dog, 15,16 as in the American opossum 17 and the 
rabbit, sphincter of Oddi phasic wave amplitude and 
frequency increase in response to cholecystokinin in- 
fusion. This phenomenon is thought  to represent ac- 
tive propulsion of bile from the common  bile duct 
into the duodenum rather than passive flow through a 
relaxed sphincter such as occurs in humans. Thus  the 
reduction in sphincter motility by ethanol seen in the 
present study suggests that ethanol reduces bile flow 
through the sphincter of Oddi. 

T h e  sphincter of Oddi plays a key role in deter- 
mining bile flow and partitioning between the gall- 
bladder and the duodenum, and thus in determining 
gallbladder filling and emptying. 18,19 A reduction in 
activity, as observed in this study, is likely to increase 
partitioning of bile into the gallbladder and result in 
biliary stasis. The  absence of a significant effect on 
systemic blood pressure indicates that the effects of 
ethanol on sphincter motility are not  simply due to 
systemic effects and, similarly, the absence of any al- 
teration in gallbladder pressure indicates that the 
changes in sphincter  of Oddi motil i ty are not  sec- 
ondary to nonspecific effects of ethanol on gastroin- 
testinal smooth muscle. 

The  effect of alcohol in promot ing  biliary stasis 
may be an impor tant  factor in explaining the in- 
creased risk of pigment stones among chronic alcohol 
abusers. Epidemiologic studies suggest that alcohol 
consumption reduces the risk of cholesterol gallstone 
disease, 2°-22 but the overall incidence of biliary stone 
disease is increased by heavy alcohol consumption be- 
cause of a much  greater prevalence of p igment  
stones. 7,8 Studies in humans have shown that moder- 
ate alcohol intake in humans reduces biliary choles- 
terol and elevates serum high-densi ty l ipoprotein 
cholesterol. 23 A similar effect of ethanol on biliary 

cholesterol saturation has been demonstrated in the 
prairie dog, 24 and ethanol has been shown in this 
model to protect against cholesterol gallstone forma- 
tion. 25 This  effect may be mediated by a reduction in 
biliary cholesterol saturation. 

Pigment stones are comprised primarily of calcium 
bilirubinate with lesser amounts  of the carbonate, 
phosphate, and palmitate salts of calcium. 26,27 Biliary 
stasis produced by ethanol may promote  the for- 
marion of pigment stones through several pathways. 
Stasis favors bacterial overgrowth and the 13- 
glucuronidase released by these organisms deconju- 
gates bilirubin to a less soluble form, which will pre- 
cipitate readily with calcium. 28 Unconjugated biliru- 
bin and its insoluble salts act on the gallbladder mu- 
cosa to enhance mucin production. 29 Mucin, in turn, 
acts as a buffer preventing mucosal acidification of 
bile in the lumen of the gallbladder. As biliary pH 
rises, bile becomes supersaturated with calcium car- 
bonate and phosphate, which also precipitates. 28 This  
insoluble material accumulates as gallbladder sludge 3° 
which is thought  to be a precursor of pigment stones. 
Biliary stasis prevents adequate clearance of this 
sludge by the gallbladder, further favoring the forma- 
tion of pigment stones. 31 

Several previous studies in animal models have in- 
directly measured the effects of alcohol on biliary 
motility. Mengny et al. 32 found that ethanol promoted 
biliary stasis in conscious dogs. Using indwelling 
catheters, they found that intraduodenal administra- 
tion of ethanol resulted in increased pressure and in- 
creased resistance to flow in both the pancreatic and 
common  bile ducts. Intragastric administration of 
ethanol in a feline model has also been shown to pro- 
duce a significant increase in pancreatic ductal pres- 
sure, which can be prevented by bypassing the sphinc- 
ter of Oddi. 1 Becker and Sharp 2 have shown that elec- 
trical activity in the sphincter of Oddi in the opposum 
is increased following ethanol administrat ion and 
Coelho et al., 3 in the same model, have demonstrated 
that although mean pancreatic ductal pressures were 
not  increased, an increase in the frequency of pres- 
sure variations was observed. 

T h e  dosage of ethanol was chosen so that, on a 
dose per kilogram basis, the highest dose used would 
be equivalent to human "physiologic" doses. T h e  
amount of alcohol given at the highest dose (1.5 g/kg) 
corresponds to the total amount  of alcohol in eight 
standard bottles of beer (4% by volume) when con- 
sumed by a 70 kg man. Although the effects of this 
quantity of alcohol in humans are well known, prairie 
dogs have been reported to tolerate considerably 
higher doses without  ill effect. 2s T h e  dosages used 
were based on previous work in the same species 2s and 
therefore serum levels were not measured. 
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Several studies have investigated the effects of al- 
cohol on sphincter of Oddi motility in humans. A sin- 
gle study in patients with T-tubes in situ after com- 
mon duct exploration found that intravenous alcohol 
resulted in a rise in ductal pressure. 6 However, studies 
that have directly measured changes in sphincter of 
Oddi pressure in response to ethanol have yielded 
conflicting results, with some reporting a reduction 17 
and others an increase s in sphincter of Oddi pressure 
and phasic wave amplitude. 

The conflicts between studies in animal models 
and human subjects may be partly explained by dif- 
ferences in methodology including the dosage of 
ethanol used, route of administration, and individual 
and species variation, and the differential response of 
the pancreatic and common bile duct components of 
the sphincter of Oddi. Raddawi et al.12 have expanded 
on this final point by demonstrating that alcohol has 
distinctly different effects on the two components of 
the sphincter of Oddi. The prairie dog model used in 
this study is particularly suitable for the investigation 
of the effects of alcohol on the biliary component of 
the sphincter of Oddi in isolation because the com- 
mon bile and pancreatic ducts enter the duodenum 
separately, 13 thus avoiding any influence of the pan- 
creatic sphincter on the results. Although this ana- 
tomic arrangement would also facilitate direct mea- 
surement of pancreatic sphincter pressure, neither our 
group nor others that we know of have yet been suc- 
cessful in cannulating the pancreatic duct in the 
prairie dog. This was not the objective of the present 
study but we hope to rise to meet this challenge in fu- 
ture studies. 

In summary, intravenous ethanol inhibits biliary 
sphincter of Oddi motility in the prairie dog in a 
dose-dependent manner. This effect is primarily due 
to a reduction in sphincter phasic wave amplitude. 
Based on our understanding of sphincter of Oddi 
function in this species, this reduction in motility is 
likely to result in a reduction in bile flow, thereby pro- 
moting biliary stasis. Similar effects of ethanol, if con- 
firmed in humans, may contribute to the greater 
prevalence of pigment gallstones among patients with 
chronic liver disease as a consequence of chronic al- 
cohol abuse. 
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Role of Extrinsic Innervation in Release of Motilin 
and Patterns of Upper Gut Canine Motility 

Mohammad Siadati, M.D., Michael G. SaT M.D. 

The need for extrinsic neural input to the upper gut in regulation/control of cyclic interdigestive motility 
and release of motilin remains a topic of controversy. Our aim was to determine whether extrinsic dener- 
vation of the upper gut disrupts cyclic release of motilin in relation to the migrating motor complex. Ten 
dogs underwent transection of all extrinsic innervation and enteric neural input to the stomach, small in- 
testine, colon, pancreas, and liver while enteric neural continuity within this multivisceral complex was 
maintained. A cyclic pattern of motility occurred during fasting in all dogs in the small bowel (period = 100 
-+ 3 min, mean -+ standard error of the mean) and in 8 of 10 dogs in the stomach (period = 98 -+ 4 min). 
Gastric cycles were temporally coordinated with small bowel cycles. Plasma motilin concentrations cy- 
cled temporally with the motility pattern with the greatest concentrations occurring during gastroduode- 
nal phase m-like activity. Exogenous motilin induced a burst of gastric contractions and a premature 
migrating motor complex in all dogs. Oral meals disrupted cyclic motility and cyclic changes in plasma 
motilin. Extrinsic innervation to the upper gut is not necessary for cyclic motor activity, for coordinated 
cyclic release of motilin, or to initiate a premature migrating motor complex-like response to motilin. 
Central nervous system input (afferent, efferent) is not necessary for cyclic interdigestive activity or cyclic 
release of motilin. (J GASTROINTEST SURG 1998;2:363-372.) 

During the interdigestive (fasting) period, the up- 
per gut of humans and most nonruminant mammals 
undergoes a characteristic cyclic pattern of motor ac- 
tivity termed the migrating motor complex (MMC).I,Z 
The  MMC consists of  four phases, 3 the most charac- 
teristic of  which is phase III or the activity front, 
which is a burst of  high-amplitude propulsive con- 
tractions. This band of contractile activity begins in 
the lower esophageal sphincter and stomach, then ap- 
pears in the duodenum, and migrates down the length 
of the small intestine in a sequential orderly fashion 
propelling intraluminal debris and nondigestible con- 
tent distally. As the phase III reaches the distal ileum, 
another phase III of  the next cycle begins in the lower 
esophageal sphincter and stomach; this cycle repeats 
monotonously during fasting. Feeding disrupts the 
MMC and induces a noncyclic postprandial "fed" pat- 
tern of  intermit tent  contractions that persist for a 

variable duration that is dependent on the character- 
istics and caloric content of  the meal. 4 

The  mechanisms controlling these global motor 
patterns remain incompletely understood. Although 
migration of the M M C  along the gut is controlled by 
continuity of the enteric nervous system, s the factor(s) 
that initiate the onset of phase IH activity in the stom- 
ach and duodenum is (are) not fully understood. Con- 
siderable experimental evidence supports both neural 
and hormonal modulatory roles in both the initiation 
and inhibition of these motor patterns. 1,6,7 

Our previous work after complete neural isolation 
of the jejunoileum s,9 and after neural isolation of the 
stomach alone 1° showed the persistence of a cyclic 
motility pattern during fasting that was disrupted by 
oral meals. Similarly, previous observations in a model 
of  in situ neural isolation of the upper gut suggested 
preservation of  a cyclic motor pattern. 11 Because the 
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duodenum is the major source of motilin synthesis 
and release, 12 and motilin appears to be one impor- 
tant putative modulatory factor in the initiation of the 
MMC, a3-15 especially in the stomach, 1°,16 study of 
global patterns of upper gut motility and release of 
motilin after extrinsic denervation of the duodenum is 
of considerable physiologic interest. 

Our hypotheses were that plasma concentrations 
of motilin are involved in initiating cyclic patterns of 
motility in the upper gut during fasting and that ex- 
trinsic innervation to the stomach and duodenum is 
not necessary either for the cyclic release of motilin 
or for the occurrence of cyclic motility patterns. 
Therefore we developed a novel canine preparation 
by neurally isolating in situ the upper gut multivis- 
ceral complex consisting of the entire stomach, small 
bowel, proximal colon, liver, and pancreas acutely and 
permanently from all central neural input while main- 
taining full enteric neural continuity between these 
upper gut organs. The aims of this study were to de- 
termine the mechanisms by which extrinsic neural in- 
nervation of this upper gut complex (1) controls 
global interdigestive and postprandial motor patterns 
and (2) regulates plasma motilin concentrations and 
their temporal relationship to interdigestive patterns 
of motility. 

M E T H O D S  
Preparation of  Dogs  

Surgical procedures and subsequent care and con- 
duct of experiments were performed after approval 
from and according to criteria set forth by the Animal 
Care and Use Committee of the Mayo Foundation in 
accordance with the guidelines of the National Insti- 
tutes of Health and the United States Public Health 

Service policy on the humane use and care of labora- 
tory animals. 

Ten healthy female mongrel dogs weighing 16 to 
23 kg were anesthetized with intravenous methohex- 
ital (12.5 mg/kg) and maintained with inhaled 
halothane. Using a two-staged procedure described 
previously, 11 these dogs underwent in situ neural iso- 
lation of the stomach, small bowel, proximal colon, 
liver, and pancreas (Fig. 1). The only tissue continuity 
to this upper gut complex was through the wall of the 
celiac and superior mesenteric arteries and the supra- 
and infrahepatic vena cava. We did not transect and 
reanastomose these vessels, completing an autotrans- 
plantation (and thereby assuring a total in situ neural 
isolation), because we did not want to introduce the 
confounding factor of ischemia/reperfusion injury. 
We have used and validated the completeness of ex- 
trinsic denervation in similar models of in situ neural 
isolation of the stomach alone 1° and the entire je- 
junoileum. 8 

Next, three intragastric manometric catheters (out- 
side diameter 1.5 mm; inside diameter 0.5 mm) and 
three adjacent bipolar Ag/AgC1 serosal electrodes 
were implanted in the antrum and nine monopolar 
serosal electrodes on the small bowel (three on the 
duodenum and six spaced evenly along the je- 
junoileum). A Thomas cannula was placed in the 
proximal stomach. The  manometric catheters and 
wires from the electrodes were cemented in three 
stainless steel cannulas exteriorized through the ante- 
rior abdominal wall. The esophageal hiatus was closed 
with interrupted sutures, and a pyloromyotomy was 
performed (in an attempt to prevent gastric stasis 
based on preliminary studies). The dogs were kept in 
the fasting state for 3 days and were then fed ad libi- 
tum. Because of an impressive anorexia (lack of inter- 
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Fig. 1. In situ neural isolation of the upper gut. All tissue connections to the distal 5 cm esophagus, en- 
tire stomach and small bowel, proximal 50 cm of colon, pancreas, and liver were transected except for the 
celiac and superior mesenteric arteries and the suprahepatic, retrohepatic, and infrahepatic vena cava, 
which were completely isolated and stripped of adventitia. 
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est in eating despite weight loss), gavage via the gas- 
tric Thomas cannula was necessary in several dogs in 
the first several weeks to assure satisfactory nutritional 
intake. All fasting experiments were conducted within 
10 weeks of the denervation operation. In four dogs 
we measured tissue catecholamine concentrations in 
the jejunum and proximal colon as described previ- 
ously 17 at the time the animals were killed; all had de- 
creased to less than 5% of normal values. 

Conduc t  of  Exper iments  

All experiments began after an overnight fast. Dogs 
were positioned in a Pavlov sling for the duration of 
each day's experiment. The gastric cannula was 
opened to allow what content was in the stomach to 
empty, and the volume was recorded. The gastric can- 
nula was then closed. Myoelectric and manometric 
activity was recorded continuously both on a Grass 
model 7D polygraph (Grass Instruments, Quincy, 
Mass.) using alternating current amplifiers and a time 
constant of I second as well as directly onto a micro- 
computer as described previously 18 for later analysis. 

For fasting experiments (n ->4 experiments/dog) 
motility was recorded for up to 12 hours. In eight 
dogs venous blood samples were collected on ice into 
vials containing ethylenediaminetetraacetic acid, gen- 
erally at 20- to 30-minute intervals and additionally 
when a phase III-like pattern of the MMC was noted 
in the stomach and duodenum. For experiments in- 
volving exogenous motilin administration (n = 3 
dogs), 0.1 Ixg/kg of canine motilin (Peninsula Labo- 
ratories, Belmont, Calif.) in 154 mmol/L NaC1 con- 
taining 0.5 % dog plasma was given over a 30-second 
infusion as before, 19 beginning approximately 30 min- 
utes after a phase III-like burst of activity had ap- 
peared in the duodenal electrodes. For the eryth- 
romycin experiments (n = 2 dogs) a similar technique 
was used. 

For fed experiments (n = 4 experiments/dog) 50 g 
and 500 g meals of diced pork liver were offered to 
seven dogs approximately 20 minutes after a phase III 
was noted in the duodenal electrode. If the dog did 
not eat the liver, it was cut into small pieces and ad- 
ministered directly into the stomach through the gas- 
tric cannula. Motility was recorded continuously for 
up to 8 hours postprandially. Blood samples were ob- 
tained every 30 minutes as previously described. 

Plasma Motil in Determinations 

Plasma was separated from the blood samples and 
stored at - 70  ° C for subsequent batch analysis. 
A well-characterized motilin radioimmunoassay is 
was used to determine plasma motilin concentrations. 

Inter- and intra-assay variabilities were 8% and I 1%, 
respectively. 

Analysis of  Data  

Manometric and myoelectric recordings were ana- 
lyzed by visual inspection to determine the presence 
or absence of a cyclic pattern of motility. The period 
of the cycle and the duration of the individual phases 
were determined separately from the gastric manom- 
etry catheters and from the duodenal, midjejunal, and 
midileal electrodes according to the criteria of Code 
and Marlett, 3 as we have described previously.8,1°, 2° 
The period was defined as the time between the start 
of successive bursts of high-amplitude contractions in 
the stomach (manometry catheters) and migrating 
phase III activity recorded from the intestinal elec- 
trodes. During fasting the mean period of the cyclic 
pattern and the mean duration of the individual 
phases were calculated for each day in each dog, 
means within each dog over the different days were 
determined, and the grand mean of all dogs was cal- 
culated. Similarly the duration of inhibition of the 
cyclic pattern was determined ag~rhe time from the 
start of the preceding burst of g~/sift~ contractions or 
small bowel phase III prior to feediaifffititil thereturn 
of similar phase III-like activity and the  occurrence 
of a cyclic motility pattern thereafter~in ~the four re- 
gions (stomach, duodenum, midjejunum, and midil- 
eum).  

Plasma motilin concentrations were categorized 
separately according to the phase of the cyclic activity 
in the stomach and in the duodenum on each day, a 
mean concentration per phases I, II, III, and IV was 
determined per dog per day, and then an overall mean 
of all experiments was determined for each dog; grand 
means across dogs were also determined. One value 
of plasma motilin was selected during each MMC cy- 
cle usually in early phase I and early phase II and at 
the start of phase III. 

Premature onset of a burst of high-amplitude gas- 
tric contractions and phase III activity in the intestinal 
electrodes after exogenous motilin was defined as the 
onset of this phase III-like activity in the gastric 
manometric catheters and in the duodenal electrodes 
within 10 minutes of the administration of motilin in- 
travenously that then migrated into the jejunum. 

Statistical Analysis 

No measurements of parameters of interdigestive 
and postprandial motility were made in the :dogs be- 
fore in situ neural isolation of the upper gut  visceral 
complex because of the complexity of the operative 
preparation; therefore no formal statistical analyses of 
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motility parameters before and after in situ neural iso- 
lation have been made within dogs. Parameters are 
summarized and generalized comparisons made in the 
text to previously reported values from our laboratory. 

The plasma concentrations of motilin were com- 
pared across the different phases of the cyclic pattern 
using a one-way analysis of variance. Individual com- 
parisons of phase I vs. phase III-like activity and phase 
II vs. phase III-like activity were made with Student's 
t test for paired data and employing a Bonferroni cor- 
rection for the two comparisons. Values summarized 
in the text will be presented as means ___ standard er- 
ror of the mean (SEM) unless otherwise specified. 

R E S U L T S  
H e a l t h  o f  Dogs  

The  dogs lost 15% ± 2 % of their body weight 
postoperatively. Early postoperative care of the dogs 
was occasionally complicated. Several dogs displayed 
an impressive anorexia (lack of interest in eating) and 
required daily garage feeding for 2 weeks to maintain 
adequate caloric intake. Intermittent vomiting of in- 
gested food was common in dogs in the first 2 to 3 
weeks after the denervation but thereafter became un- 
common, and there was rarely any gastric residual 
volume (>40 ml) after an overnight fast. Stools were 
watery and loose initially in all dogs but became more 
solid and were formed by 4 to 8 weeks postopera- 
tively. Six dogs died during the conduct of the study-- 
four from small bowel strangulation obstruction and 

two from peritonitis of undetermined origin 2 months 
postoperatively. No measurements of motility were 
obtained during periods of illness in any dog. Two 
other dogs developed a small bowel intussusception 
early in the postoperative period and were treated by 
simple reduction in one and a short (5 cm) distal ileal 
resection in the other. No measurements of ileal 
motility were recorded thereafter distal to the site of 
ileal resection. 

Pa t t e rns  o f  Mot i l i ty  

Interdigestive. After an overnight fast, a cyclic pat- 
tern of motor and myoelectric activity closely resem- 
bling the MMC occurred in the small bowel in all 10 
dogs; in 8 of 10 dogs a cyclic pattern of motor and 
myoelectric activity was evident in the stomach as 
well, temporarily coordinated with the duodenum as 
reported previously. 11 The period (in minutes) of this 
cyclic activity was similar in the stomach, duodenum, 
midjejunum, and midileum (98 -+ 4, 100 -- 3,102 ± 
3, and 97 ± 3, respectively). 

There  were, however, differences in the fasting 
motility patterns when compared to those in neurally 
intact dogs reported from our laboratory. 15,20-23 Inter- 
vals of disruption of the cyclic pattern throughout the 
entire upper gut occurred despite the occurrence of 
cyclic activity immediately beforehand and a persis- 
tent fasting state (Fig. 2). This spontaneous disrup- 
tion occurred in one of four fasting experiments in 
three dogs and in one of five fasting experiments in 
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Fig. 2. Temporal relationship of plasma motilin concentrations and motility in a dog after in situ neural 
isolation of the upper gut. Cyclic activity became disrupted spontaneously despite fasting (arrow), and 
plasma motilin concentration no longer varied cyclically. X axis denotes hour of the day. 
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the fourth dog. Such disappearance of cyclic activity 
persisted for 2 to 6 hours; this disruption of the MMC 
would be distinctly uncommon from our previous ob- 
servations in neurally intact dogs) s,21,23,2s 

Postprandial. An oral meal of 50 g of pork liver 
transiently (-60 minutes) disrupted the cyclic pattern 
and prolonged the time from the last phase III-like 
cycle 20 minutes prior to feeding to the onset of the 
first cyclic pattern after feeding when compared to the 
period of the fasting cyclic pattern (Fig. 3, A). A larger 
meal of 500 g of liver rapidly disrupted the cyclic pat- 
tern and established a noncyclic postprandial pattern 

of motor and myoelectric activity (Fig. 3, B). This 
noncyclic postprandial motility pattern persisted for 
410 _+ 21 minutes in the stomach and 298 _+ 38 min- 
utes in the ileum until the return of a characteristic 
cyclic pattern of motility. 

Plasma Moti l in  Concentra t ions  

Fasting. Plasma motilin concentrations varied 
cyclically during fasting in all dogs (Table I). Peak 
concentrations (P <0.025) occurred in temporal co- 
ordination with the cyclic bursts of gastric contrac- 
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Fig. 3. Effect of an oral meal on motility patterns and on plasma motilin concentrations in a represen- 
tative dog after in situ neural isolation of the upper gut. X axis denotes hour of the day. A, 50 g liver meal; 
B, 500 g liver meal. 
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Table I. Plasma motilin concentrations during interdigestive and postprandial motility 

Motility pattern Motilin (pg/ml) 

Gastric interdigestive (n = 6 dogs) 
Phase I-like activity 178 + 12" 
Phase II-like activity 151 + 6* 
Phase III-like burst of contractile activity 204 -+ 13 
Phase IV-like activity 203 + 12 

Duodenal interdigestive (n = 8 dogs) 
Phase I 168 -+ 12t 
Phase II 146 -+ 6* 
Phase III 202 -+ 11 
Phase IV 194 _+ 10 

Postprandial (n = 7 dogs)qt 152 -+ 8 

Values are means + standard error of the mean. 
*Differs from phase III-like activity; P <0.025. 
tDiffers from phase III-like activity; P = 0.04. 
~Mean value during noncyclic motility. 
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Fig. 4. Effect of exogenous motilin on motility patterns in a representative dog after in situ neural iso- 
lation of the upper gut. Motilin (0.1 Ixg/kg) given intravenously at arrow. Note induction of a burst of 
high-amplitude gastric contractions and a "premature" phase lII in the duodenum. 

tions in the stomach and with phase III activity in the 
duodenum (see Fig. 2). In the two dogs without gas- 
tric cycles of motility, plasma motilin concentrations 
(pg/ml) were also greater during duodenal phase III 
(dog i = 195 _+ 2; dog 2 = 158 -+ 6) than during 
phase I (dog 1 -- 177 -+ 6; dog 2 = 121 -+ 11)or phase 
II (dog 1 = 154 _+ 5; dog 2 = 115 -+ 4). When cyclic 
interdigestive activity was disrupted spontaneously 
despite ongoing fasting, plasma motilin concentra- 
tions did not cycle for the duration of the noncyclic 
motor  and myoelectric activity in the stomach and 
duodenum (see Fig. 2); however, when cyclic activity 
recurred, plasma motilin peaked and decreased there- 
after during phase I. 

When motilin was administered exogenously as a 
30-second infusion (0.1 Ixg/kg intravenously in three 

dogs (all of  whom had spontaneous cyclic gastric 
motility), a burst of high-amplitude contractions oc- 
curred within several minutes in the stomach associ- 
ated with a premature phase III in the duodenum; the 
duodenal phase III migrated distally along the small 
intestine in all dogs with the appearance of a typical 
fasting phase III (Fig. 4). Thereafter cyclic activity re- 
sumed as if the "premature" phase III began the next 
successive cycle of the motility. In two dogs, ery- 
thromycin (3 mg/kg) was administered with induction 
of a similar burst of gastric contractions and a prema- 
ture M M C  in the small intestine. In general, the 
motilin-induced and erythromycin-induced burst of 
gastric contractile activity occurred as a single burst 
of regular high-amplitude contractions that often dif- 
fered in appearance from the spontaneous phase 
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III-like activity in that same dog and from phase III 
activity in neurally intact dogs in our laboratory. 15,2°-22 
Spontaneous cyclic bursts of gastric contractile activ- 
ity that preceded a duodenal phase IT[ tended to occur 
as a burst of three to five clusters of grouped contrac- 
tions (see Fig. 4). The motilin- and erythromycin-in- 
duced gastric contractions usually appeared as a 5- to 
8-minute burst of regular high-amplitude contrac- 
tions; at other times the pattern appeared identical to 
the spontaneous cyclic pattern of gastric contractions 
with clusters of grouped contractions (see Fig. 4). 

Postprandial. After the 50 g oral meal, plasma 
motilin concentrations did not cycle during the inhi- 
bition of the cyclic motility pattern, but once again 
cycled in association with resumption of the typical 
gastric cyclic motor activity seen during fasting (see 
Fig. 3,A). After the 500 g oral meal, cyclic activity was 
disrupted, and plasma concentrations of motilin de- 
creased and no longer cycled (see Fig. 3, B). 

DISCUSSION 

This study showed that plasma concentrations of 
motilin cycled in close temporal coordination with 
characteristic and temporally coordinated interdiges- 
tive patterns of cyclic motility in the canine stomach, 
duodenum, and jejunoileum after complete in situ 
neural isolation (extrinsic denervation) of the upper 
gut. Moreover, exogenous infusions of motilin con- 
sistently induced a premature burst of contractions in 
the stomach coordinated with a premature duodenal 
MMC that migrated along the small intestine. Large 
meals (500 g of liver), and to a much lesser extent 
small meals (50 g of liver), inhibited the cyclic pattern 
of interdigestive motility and disrupted cyclic changes 
in plasma motilin concentrations. These observations 
demonstrate that extrinsic innervation to the upper 
gut (either afferent or efferent) is not necessary for 
the initiation of cyclic interdigestive motility patterns, 
coordinated cyclic release of motilin, disruption of in- 
terdigestive motility patterns by oral meals, or induc- 
tion of a premature cycle of interdigestive motor and 
myoelectric activity in the stomach and small bowel 
by exogenous motilin. 

Our study shows that extrinsic innervation (vagal, 
sympathetic) to the upper gut is not required for the 
initiation, coordination, and orderly aborad migration 
of cyclic interdigestive patterns of motility. Our ob- 
servations are in agreement with and extend several 
previous studies. 8-I1,2°,25-30 A l t h o u g h  certain charac- 
teristics (duration, timing, presence) of interdigestive 
motility can be modulated via extrinsic neural path- 
ways to the upper gut ,  31-34 the continuity of intact ex- 

trinsic innervation is not necessary for cyclic interdi- 
gestive motor patterns to be initiated in the dener- 
vated segment. 

Although our observations differ from some of the 
implications of a series of previous studies of acute re- 
versible vagal blockade by Diamant et al. 3s and Hall et 
al., 36 when taken in context our findings are consis- 
tent with theirs in several ways. These investigators 
showed that transient acute blockade of vagal input 
by bilateral cervical perivagal cooling to 4 ° C dis- 
rupted cycling of the MMC in the canine upper gut; 
when the vagal cooling was discontinued, the MMC 
returned suggesting that vagal input controlled initi- 
ation of cyclic changes of upper gut interdigestive 
motility. When our previous and present findings 
with chronic denervations 9-11,2°,21 are considered with 
those of Diamant et al. 35 and Hall et  al., 36 our inter- 
pretation is that vagal innervation may help to initiate 
certain characteristic patterns of contractile activity 
during cyclic interdigestive activity, but vagal input is 
not requisite for cyclic gastric or small bowel interdi- 
gestive patterns to occur. 

The primary aim of our study was to determine the 
relationship between plasma motilin concentrations 
and the cyclic gastric and duodenal interdigestive pat- 
tern of motility after in situ neural isolation of the 
duodenum, the major site of motilin synthesis and re- 
lease. 12 We showed that plasma concentrations of 
motilin cycled in temporal concert with the cyclic in- 
terdigestive MMC-like activity in the upper gut. Peak 
concentrations of motilin coincided with the bursts of 
contractions in the stomach and the phase III-like ac- 
tivity in the duodenum. In addition, when the cyclic 
motility was spontaneously disrupted or was disrupted 
with an oral meal, plasma motilin concentrations did 
not vary cyclically. Although this close temporal asso- 
ciation does not implicate a direct causal effect of in- 
creasing plasma concentrations of motilin with in- 
duction of phase III of the MMC, it does strongly 
support the concept of a relationship between motilin 
and the cyclic interdigestive pattern of motility, as 
suggested by previous studies. 7,14,15 

Our study does, however, show that extrinsic in- 
nervation of the duodenum was not necessary for the 
cyclic changes in plasma motilin concentrations or for 
the induction of a premature cycle of interdigestive 
motility in the gastroduodenal region by exogenous 
intravenous administration of motilin or the motilin 
agonist erythromycin. Several of our previous studies 
and that of Thomas et al. 37 showed that selective ex- 
trinsic denervation did prevent the ability of exoge- 
nous motilin to induce a premature MMC in the ex- 
trinsically denervated j e j u n u m  38,39 but not in the ex- 



370 Siadati and Sarr 
Journal of 

Gastrointestinal Surgery 

trinsically denervated stomach. 1° These previous stud- 
ies raised the question of a role for extrinsic nerves in 
the hormonal initiation of the MMC in the neurally 
intact small bowel. Our current study, although sug- 
gestive, cannot further or directly prove that sponta- 
neous cycles of interdigestive motility patterns are 
controlled by changes in plasma motilin concentra- 
tions; however, in combination with our previous 
study of the in situ neurally isolated stomach, 1° the 
current study provides further support for the con- 
cept that plasma motilin concentrations are related to 
the initiation of cyclic patterns of interdigestive motor 
activity of the MMC in the stomach and may help to 
recruit the stomach and possibly the duodenum as 
well in the temporal coordination of interdigestive 
patterns of motility. Work by Diamant et al. 35 and 
Hall et al. 36 suggests that vagal innervation may help 
to reinforce this recruitment and may alter the pat- 
tern of contractions during the phases of cyclic mo- 
tor activity. Further indirect support for this concept 
comes from the observation that 4 of the 10 dogs af- 
ter in situ neural isolation of the upper gut would in- 
termittently have intervals of 3 to 6 hours during 
which the characteristic MMC would become dis- 
rupted spontaneously despite its previous presence 
and persistent fasting, and plasma motilin concentra- 
tions also failed to cycle. This observation would be 
distinctly uncommon in neurally intact dogs in our 
laboratory under similar conditions. 17,21,23,24 The 
cause(s) for this disruption of interdigestive motility 
patterns is unknown but may be related to the lack of 
cyclic changes in plasma motilin concentration dur- 
ing this disruption. 

Both a small (50 g) and a large (500 g) liver meal 
disrupted the interdigestive cyclic motility patterns 
throughout this in situ neurally isolated upper gut 
multivisceral complex. This finding in conjunction 
with our other studies 8'1°'H'23'24'4° shows that post- 
prandial disruption of upper gut interdigestive pat- 
terns of motility does not require an intact extrinsic 
innervation, as mediated by either afferent or efferent 
neural pathways. Moreover, after both the small and 
large meals, plasma motilin concentrations decreased 
and did not cycle. When cyclic motility patterns re- 
turned, plasma motilin again varied in cyclic concert 
with the gastroduodenal cyclic activity. Because this 
experimental technique neurally isolated the upper 
gut from any neural continuity with the central ner- 
vous system or with the distal colon, this change to a 
postprandial pattern of motility must be mediated by 
a hormonal mechanism and/or by a local neural 
mechanism arising within the enteric nervous system 
of the upper gut in response to entry of the meal into 
the upper gut. Both neural and hormonal mechanisms 

have been shown to mediate postprandial disruption 
of the MMC. Exogenous intravenous infusions of 
regulatory peptides 41 and endogenous enteric release 
of circulating regulatory hormones 23,4° will disrupt 
fasting patterns of motility. If this postprandial inhi- 
bition of cyclic interdigestive patterns of motility is 
mediated by hormonal mechanisms, our study sug- 
gests that extrinsic innervation to the upper gut is not 
necessary for release of postprandial regulatory hor- 
mones, which inhibit interdigestive motility. In con- 
trast, small liver meals (50 g) inhibited cyclic activity 
after in situ neural isolation of the upper gut and 
cyclic changes in plasma motilin concentrations in the 
plasma for a much shorter duration than our previous 
work in neurally intact control dogs,  24 suggesting that 
extrinsic innervation may participate in the release of 
postprandial regulatory hormones by small meals; 
large meals can successfully induce the release of 
enough postprandial hormones to inhibit the interdi- 
gestive cyclic motility. 

Another potential mechanism of postprandial dis- 
ruption of interdigestive motility involves nutrient- 
independent mechanisms. Nonnutrient distention of 
the innervated proximal stomach by a balloon-volume 
stimulus 21,42 and intraluminal infusion of a nonnutri- 
ent solution at high rates (->12 ml/min)will also dis- 
rupt the MMC, 43 at least the former presumably me- 
diated through neural pathways because complete ab- 
dominal vagotomy 21 and selective proximal gastric 
vagotomy 22 abolished distention-induced inhibition 
of the MMC. Nonnutrient gastric distention-induced 
inhibition of the upper gut MMC appears to be me- 
diated via vagal pathways; this mechanism might ex- 
plain the markedly decreased duration of inhibition 
of cyclic interdigestive patterns of motility in the 
neurally isolated upper gut by the smaller (50 g) liver 
meal. We have made similar observations with large 
and small meals after neural isolation of the je- 
junoileum alone, 24 again suggesting potential roles for 
hormonal and neural mechanisms. Our previous 
study with this same multivisceral in situ neural isola- 
tion did not show any obvious disruption of the 
MMC with a small liver meal; this discrepancy is 
probably related to variations in the short duration of 
postprandial disruption in relation to the MMC pe- 
riod of individual dogs.l~ 

This study has several potential limitations that re- 
quire acknowledgement. First, our canine preparation 
is a model of complete neural isolation. Although un- 
likely, some extrinsic nerves may innervate the gut by 
passing within the media of the celiac and superior 
mesenteric arteries and vena caval wall. We specifi- 
cally stripped these vessels of all adventia under mi- 
croscopic magnification but did not transect and re- 
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anastomose them because such a true autotransplan- 
orion would obligate an ischemic injury and a subse- 
quent reperfusion injury, which would introduce con- 
founding effects independent of the neural isolation. 
We have used this operative approach of in situ neural 
isolation to study the neurally isolated stomach, 1° the 
neurally isolated jejunoileum, s and the neurally iso- 
lated proximal colon 44 as well as the upper gut in the 
current study and have confirmed extrinsic denerva- 
tion in the latter three preparations by demonstrating 
very low or unmeasureable catecholamine tissue con- 
centrations postoperatively. 

We thank Judith Duenes for her expertise in performing the exper- 
intents and Deborah Frank for her help in preparing the manuscript. 
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Is Intra-Abdominal Drainage Necessary After 
Pancreaticoduodenectomy? 
Martin.7. Heslin, M.D., Lawrence E. Harrison, M.D., Ari D. Brooks, M.D., 
Steven N. HochwaM, M.D., Daniel G. Coit, M.D., Murray E Brennan, M.D. 

Closed suction drains after pancreaticoduodenectomy are theoretically used to drain potential collec- 
tions and anastomotic leaks. It is unknown whether such drains are effective, harmful, or affect the out- 
come after this operation. Eighty-nine consecutive patients underwent pancreaticoduodenectomy for 
presumed periampullary malignancy and were retrospectively reviewed. Thirty-eight had no intra- 
abdominal drains and 51 had drains placed at the conclusion of the operation. We analyzed patient, nu- 
tritional, laboratory, and operating room factors with end points being complications and length of hos- 
pital stay. Intra-abdominal complications were defined as intra-abdominal abscess and pancreatic or bil- 
iary fistula. Postoperative interventions were defined as CT-guided drainage and reoperation. Analysis was 
by Student's t test and chi-square test. Two of eight surgeons contributed 92% of the patients without 
drains. The groups were equivalent with respect to demographic, nutritional, and operative factors. Time 
under anesthesia was significantly shorter in the group without drains (P = 0.0001). There was no sta- 
tistical difference in the rate of fistula, abscess, CT drainage, or length of hospital stay. Intra-abdominal 
drainage did not significantly alter the risk of fistula, abscess, or reoperation or the necessity for CT- 
guided intervention after pancreaticoduodenectomy. Routine use of drains after pancreaticoduodenec- 
tomy may not be necessary and should be subjected to a randomized trial. (J GASTROINTEST SURG 
1998;2:373-378.) 

Use of dosed suction drains after intra-abdominal 
surgical procedures is common. The intended pur- 
pose is to drain collections of fluid and control poten- 
tial anastomotic leaks. It is largely unknown whether 
or not these drains serve their purpose or, conversely, 
increase postoperative morbidity. Randomized trials 
examining the role of postoperative drains after elec- 
tive cholecystectomy, colectomy, or hepatectomy have 
not shown a benefit to the presence of a drain. TM Ret- 
rospective, selected patients have been reported to 
have acceptable outcomes after pancreaticoduodenec- 
tomy without abdominal drainage; however, there was 
no comparison group in this report, s Others have re- 
ported cases suggesting closed suction drains have 
caused bowel perforations 6-s and may increase the risk 
of postoperative infectious complications) The pur- 
pose of this study was to determine whether the pres- 
ence of a drain affected outcome after elective pan- 

creaticoduodenectomy at a single institution. Specific 
outcome end points were postoperative morbidity and 
length of hospital stay. 

PATIENTS A N D  M E T H O D S  

Between March 1, 1994, and August 30, 1996, 
eighty-nine patients underwent pancreaticoduo- 
denectomy at Memorial Sloan-Kettering Cancer 
Center within the confines of a nutritional trial. 9 Cri- 
teria for entry into this analysis were no evidence of 
infection (white blood count <12,000 cells/mm 3, no 
fever, and no evidence of bacteremia), no immuno- 
suppressive medication, no history of abdominal or 
pelvic radiation, and having undergone a pancreati- 
coduodenectomy for presumed or histologically 
proved periampullary malignancy. All patients had 
normal coagulation profiles prior to operation. A de- 
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tailed history was obtained from all patients after they 
were admitted to the hospital. All patients also un- 
derwent physical examination, laboratory analyses, 
and nutritional assessment, and informed consent was 
obtained prior to operation. 

Thirty-eight patients had no intra-abdominal 
drains placed and 51 had closed suction drains placed 
at the conclusion of the procedure. Careful analysis 
of factors associated with perioperative morbidity was 
undertaken. Patient factors analyzed were age, sex, 
and comorbidity. Comorbidity was defined as the 
presence of diabetes mellitus (insulin-dependent or 
non-insulin-dependent), coronary artery disease, pul- 
monary disease, or hypertension. 

Nutritional factors analyzed included percentage 
weight loss, preoperative serum albumin, and nutri- 
tion risk index (NRI). The NRI is defined as (15.9 × 
albumin [g/L] +0.417 × % usual body weight 
[%UBW]). 1° Specific laboratory data analyzed in- 
cluded total bilirubin (mg/dl), blood urea nitrogen, 
serum ereatinine, and white blood cell count (mm3). 
When utilized, early enteral feeding was begun on 
postoperative day 1, advanced as tolerated to a target 
of 25 ml/kg per 24 hours, and continued until the pa- 
tient was eating 1000 keal or consuming at least 1000 
ml of a liquid diet. 

The majority of the operations were "standard" 
pancreaticoduodenectomies involving distal gastrec- 
tomy, with pancreaticojejunostomy, choledochoje- 
junostomy, and gastrojejunostomy. There were sub- 
tle variations including Roux-en-¥ reconstruction of 
the gastrojejunostomy and pylorus-preserving proce- 
dures with pancreaticogastrostomy reconstruction de- 
pending on surgeon preference. Operating room fac- 
tors analyzed were time under anesthesia (which in- 
cluded preincision laparoscopy), time in the operat- 
ing room, blood loss, and need for blood transfusion. 
Pathologic factors analyzed were the presence of ma- 
lignancy, the presence of nodal metastasis, and the 
presence of a positive margin. 

Complications were evaluated and recorded sepa- 
rately from the surgical team. This involved daily 
rounds by a surgeon not associated with the team to 
evaluate the patient, laboratory, and radiologic data 
where appropriate. A biliary or pancreatic fistula was 
defined as persistent bile or pancreatic fluid drainage 
that continued at a rate of 30 ml or more per day and 
did not resolve by postoperative day 7. Intra-abdom- 
inal abscesses were defined as an intra-abdominal col- 
lection associated with fever that required either per- 
cutaneous or operative drainage yielding positive cul- 
tures. Gastrointestinal anastomotie leaks were defined 
as a leak from either the gastrojejunostomy or jejuno- 
jejunostomy. Other complications included in the mi- 
nor or major category were cellulitis, superficial 
wound infection, deep wound infection, fascial dehis- 

cence, pneumonia (defined as radiologic and culture 
evidence of infection), reexploration for any reason 
(specifically bleeding, hepatic artery thrombosis, 
bowel necrosis, and wound debridement) and death 
(hepatic artery thrombosis), prolonged ileus, gastric 
atony, atelectasis, pleural effusion, urinary tract infec- 
tion, abdominal wall infection at the J-tube site, leak 
at the J-tube site, evisceration, intestinal obstruction, 
pulmonary embolus, myocardial infarction, cerebral 
vascular accident, deep venous thrombosis, ehylous 
leak, renal failure, congestive heart failure, gastroin- 
testinal hemorrhage, bowel necrosis, pneumothorax, 
necrotizing fasciitis, infectious colitis, line sepsis, 
acute cardiac arrhythmias, traeheobronchitis, or ab- 
dominal wall hematoma. Length of stay was measured 
from the date of operative until discharge home in 
days, regardless of social service constraints. 

Statistical analyses were performed using the SPSS 
for Windows version 7.0 statistical package (SPSS, 
Chicago, Ill.). Continuous variables were compared 
by Student's t test, categorical variables were com- 
pared by chi-square or Fisher's exact test, and multi- 
variate analysis utilized logistic regression. Length of 
hospital stay was compared using the log-rank test 
and plotted by the Kaplan-Meier method. The mean 
length of stay was compared by Student's t test. Sig- 
nificance was defined as P <0.05. 

RESULTS 
Demographics  

Eighty-nine patients underwent pancreaticoduo- 
denectomy during a 2 ~A-year period within the con- 
fines of a prospective trial to evaluate the benefit of 
early enteral feeding. Demographic data are pre- 
sented in Table I. There were no significant differ- 
ences between the groups. 

Nutri t ional  and Biochemical Parameters 

Table II lists the preoperative nutritional and bio- 
chemical parameters measured. There were no statis- 
tically significant differences between the groups. It 
is important to note that although there was approxi- 
mately a 6% to 7% average preoperative weight loss, 
the nutrition risk index was within the normal range, 
suggesting that this group was nutritionally intact. 
Equal percentages in each group received early feed- 
ing. There were no other significant differences in 
biochemical abnormalities between the groups. 

Operative and Pathologic Factors 

Two of eight surgeons contributed 92% of the pa- 
tients without drains. Operating room and final 
pathology factors are depicted in Table III. Time un- 
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T a b l e  I .  D e m o g r a p h i c s / c o m o r b i d i t y  

No drain Drain 
(n = 38) (n = 51) P v a l u e  

Age (yr)* 65 -- 2 65 -+ 2 0.91 
Female (%) 53 37 0.20 
Comorbidity 

Diabetes mellitus (%) 21 24 0.99 
Hypertension (%) 29 33 0.81 
Coronary artery disease (%) 8 18 0.22 
Pulmonary disease (%) 3 8 0.39 

Preoperative stent (%) 53 59 0.60 

*Mean _+ standard error of the mean. 

T a b l e  I I .  N u t r i t i o n a l  and  b iochemica l  pa ramete r s  

No drain Drain 
(n = 38) (n = $1) P v a l u e  

Nutritional 
Weight loss (%) 6 + 1 7 + 1 0.39 
NRI  104 __. 1 101 --. 1 0.I0 
Early enteral feeding (%) 61 57 0.83 

Biochemical 
WBC (mm 3) 7.4 - 0.3 7.4 --+ 0.3 0.99 
BUN (mg/dl) 15 +- 1 15 --- 1 0.85 
Creatinine (mg/dl) 1 --. 0.04 1 -+ 0.05 0.97 
Preoperative bilirubin (mg/dl) 3.7 --. 0.8 5.1 - 0.9 0.24 
Albumin (g/dl) 4.1 _+ 0.07 3.9 -+ 0.06 0.17 

NRI = nutritional risk index; WBC = white blood cell count; BUN = blood urea nitrogen. 
Values are mean -+ standard error of the mean unless otherwise indicated. 

T a b l e  H I .  Opera t ive  and pa tho log ic  evaluat ion 

No drain Drain 
(n = 38) (n = 51) P v a l u e  

Operating room 
Anesthesia time (min) 292 _+ 13 386 - 20 0.0001 
Blood loss (L) 1.1 -+ 0.01 1.1 _+ 0.01 0.92 
Blood transfusion (%) 37 35 0.99 

Pathology 
Malignant (%) 82 92 0.20 
Node positive (%) 53 74 0.15 
Margin positive (%) 29 31 0.82 

Mean +_ standard error of the mean unless otherwise indicated. 
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No Drain Drain 
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Fig. 1. Anatomic location of the lesion. 

Table IV. General complications and length of 
hospital stay 

No drain Drain 
(n = 38) (n = 51) Pvalue 

Minor complications 9 13 0.85 
Major complications 8 14 0.49 
Any complication 15 23 0.60 
Hospital stay (days) 12 _+ 1 12 -+ 1 0.71 

Table V. Complications and interventions potentially 
affected by drains 

No drain Drain 
(n = 38) (n = 51) Pvalue 

Fistula 1 3 0.30 
Abdominal abscess 0 3 0.13 
Reoperation 3 1 0.45 
Reoperation for bleeding 0 1 0.31 
CT-guided drainage 1 2 0.28 

der anesthesia (which included preincision lap- 
aroscopy in most cases) was significantly shorter in 
the group without intra-abdominal drains. There 
were no statistical differences in the percentage of 
masses that were malignant, node positive, or margin 
positive. Fig. 1 depicts the anatomic location of the 
lesions in each group. 

Complications, Interventions, and Length 
of Hospital Stay 

Table IV depicts the complications and length of 
hospital stay. There were no significant differences 
between the groups. Table V depicts the complica- 
tions and interventions that potentially could be af- 
fected by the presence of an intra-abdominal drain. 
Although there were fewer total complications po- 
tentially affected by a drain in the "No drain" group, 
there were no statistical differences present. 

D I S C U S S I O N  

The proposed purpose of intra-abdominal drainage 
is to drain collections of fluid and control potential 
anastomotic leaks. We have demonstrated that elimi- 
nating intra-abdominal drainage after pancreatico- 
duodenectomy did not increase the rate of fistula, 
intra-abdominal abscess, CT-guided percutaneous 
drainage, or reoperation for bleeding. Although the 
time under anesthesia was significantly shorter among 
the group without drains, which may suggest a bias in 
favor of the group without drains, this factor did not 
prove to be significantly correlated to the rate of post- 
operative complications on multivariate analysis. 
Thus operative intra-abdominal drainage in this se- 
ries does not appear to help and therefore may not be 
necessary after pancreaticoduodenectomy. 

The benefit of operative intra-abdominal drainage 
has been examined previously after a number of 
intra-abdominal procedures. Randomized studies af- 
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ter open cholecystectomy have either not shown a 
benefit 3 to drainage or have suggested an increase in 
wound infections and collections in the area where 
drainage was attempted. 2 Similarly, randomized stud- 
ies after abdominal colectomy have demonstrated no 
decrease in the incidence of postoperative complica- 
tions and reported that when anastomoses leaked, 
"neither pus nor feces came out of the drain. "~ Last, a 
recent prospective randomized trial from our institu- 
tion evaluated the effect of intra-abdominal drainage 
after 120 elective hepatic resections. 4 This study 
demonstrated that operative drainage produced no 
significant difference in outcome including complica- 
tion rate, mortality rate, or length of hospital stay. 

In recent years the postoperative mortality rate af- 
ter pancreaticoduodenectomy has declined to the low 
single digits, especially at centers where this opera- 
tion is frequently performed. 11,12 Postoperative mor- 
bidity after pancreaticoduodenectomy is approxi- 
mately 40% and the major complications reported in- 
clude intra-abdominal abscess, postoperative bleed- 
ing, and pancreatic or biliary fistula. 11 Operative 
drainage of the peritoneal cavity after pancreatico- 
duodenectomy is thought by many to be necessary to 
allow early detection and possibly nonoperative treat- 
ment of these complications. Unfortunately adhesions 
or the omentum often exclude the peritoneal drain 
from anastomotic sites and therefore the drain does 
not function appropriately. Additionally, the develop- 
ment of interventional radiologic techniques has al- 
lowed nonoperative drainage of collections identified 
on C T  or ultrasound scans, therefore reducing the 
need for reexploration in many cases. The prevalence 
of a pancreatic fistula after pancreaticoduodenectomy 
ranges from 5 % to 18 %. 11,13,14 Part of the differences 
in the range may depend on the definition of a leak. 
Cullen et al. 14 included in the definition of a pancre- 
atic leak the presence of amylase in the drainage fluid. 
As they defined a pancreatic leak, most of these pa- 
tients (73 %) had "clinically insignificant leaks" and 
were managed by prolonged drainage. We would ar- 
gue that these patients may not have needed drainage 
at all and a clinically insignificant leak may have re- 
mained insignificant regardless of drainage. In the 
same series 27% of the patients who presumably had 
drains in place had clinical symptoms associated with 
a leak requiring some form of postoperative interven- 
tion and therefore the drain did not function to pre- 
vent these complications. 14 

If an intervention does not necessarily help to de- 
crease morbidity or mortality, then one must ask 
whether it is detrimental. The  majority of random- 
ized trials in other procedures that have examined this 

question have not shown closed suction drains to be 
of particular detriment, 1,3,4 although one trial found 
increases in morbidity after cholecystectomy. 2 The  
present study demonstrated no specific complication 
that could be attributed to the presence of a drain, al- 
though there were more intra-abdominal abscesses 
and fistulas in the group that had drains placed. There 
have been a number of case reports that have docu- 
mented bowel perforation caused by closed suction 
drains. 6-8 Clearly the suction pressure generated by 
such closed systems can be of a level to cause injury to 
visceral tissues) s This was not reported in the present 
study. Last, it would be conjecture to suggest that the 
presence of a drain caused fistulas to remain open, as 
this is not a randomized study. 

In summary, the present study has documented 
that intra-abdominal drainage after pancreaticoduo- 
denectomy may not be necessary. There was no in- 
creased risk of intra-abdominal abscess or pancreatic 
or biliary fistula and no increased risk of postopera- 
tive interventions such as percutaneous drainage or 
reoperation without intra-abdominal drainage. The 
risks and benefits of intra-abdominal drainage after 
pancreaticoduodenectomy would be best answered 
within the context of a randomized trial. 

We thank Lianne Latkany, R.D., for her efforts in data manage- 
ment and patient follow-up for this study. 
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Endothelin-1 Mediates the Mcohol-Induced 
Reduction of Pancreatic Capillary Blood Flow 
Thomas Foitzik, M.D., Hubert G. Hotz, M.D., Birgit Hotz, Michael Kirchengast, Ph.D., 
Heinz 37. Buhr, M.D., FtI.C.S. 

Increased plasma endothelin-1 (ET-1) levels in rats after alcohol administration and increased endothe- 
lin receptor expression in the pancreas in chronic alcoholic pancreatitis have led to the hypothesis that 
ET-1 may play a critical role in the pathogenesis of ethanol-induced pancreatic injury through impair- 
ment of perfusion. To further test the hypothesis that ET-1 mediates an alcohol-induced reduction of 
pancreatic perfusion, the present study compares the effect of intravenous alcohol and ET-1 on pancre- 
atic capillary blood flow (PCB10 and investigates whether endothelin receptor blockade prevents the al- 
cohol-induced reduction in PCBE Anesthetized rats were randomly assigned to receive one of the fol- 
lowing: a 1-hour infusion of 2 g/kg alcohol or the volume equivalent of saline solution plus ET-1 (1.25 
t~g/kg), a specific endothelin-A receptor antagonist (50 mg/kg), or saline solution (volume equivalent). 
The pancreas was exposed for intravital microscopy; PCBF was determined at the same location before 
the test solutions were given, after the infusion, and 1 hour thereafter. Alcohol and ET-1 significantly de- 
creased PCBF from 2.0 hi/rain/cap to 1.7 hi/rain/cap. The reduction in PCBF was even more pro- 
nounced when alcohol and ET-1 were combined (1.5 nl/min/cap), whereas the ET receptor antagonist 
increased PCBF in saline-treated rats to 2.2 nl/min cap and maintained stable PCBF in alcohol-treated 
animals. The observation that PCBF is reduced by both alcohol and ET- 1 and that the alcohol-induced 
reduction of PCBF can be aggravated by ET-1 and prevented by a specific endothelin-1 antagonist sup- 
ports the hypothesis that ET-1 is the mediator of the alcohol-associated reduction of pancreatic perfusion. 
(J GASTROn~rrEST SURG 1998;2:379-384.) 

Experimental evidence suggests that the alcohol- 
induced reduction of pancreatic capillary blood flow 
(PCBF) and oxygenation is an important  factor in the 
pathogenesis of  alcohol-related pancreatic injury. TM 

T h e  mechanism by which alcohol reduces pancreatic 
perfusion and oxygen supply, however, is still un-  
known. One hypothesis accounting for an alcohol-re- 
lated reduct ion in regional blood flow is that  high 
concentrations of blood ethanol cause vasoconstric- 
t ion and thereby reduce capillary blood flow in the 
splanchnic circulation, s,6 Among the vasoactive sub- 
stances that may mediate these vascular disturbances, 
endothel in has recently been shown to be released 
from endothelial cells in response to alcohol and to 
disturb regional perfusion, for example, in the stom- 
ach and liver. 7-9 Lewis et al? ° reported that alcohol 
also stimulates the release of endothelin in the pan- 

creas. This  observation together with the finding that 
the pancreas is especially susceptible to (exogenous) 
endothel in  lla2 has led to the hypothesis that  en- 
dothel in may mediate alcohol-induced changes in 
pancreatic perfusion. The  present study further tests 
this hypothesis by comparing the effects of  alcohol 
and exogenous endothel in  on pancreatic capillary 
blood flow and by evaluating whether  the alcohol- 
induced reduction in PCBF can be prevented by a 
specific endothelin-A receptor blocker. 

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

All experiments were conducted in accordance with 
the national guidelines for the use and care of labora- 
tory animals and approved by the local ethics com- 
mittee. After overnight  fasting, female Wistar  rats 
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(225 to 275 g) were anesthetized with intraperitoneal 
pentobarbital (20 mg/kg) and ketamine (40 mg/kg). 
Polyethylene catheters (inside diameter 0.5 mm) were 
inserted into the right jugular vein (two lines) and the 
left carotid artery (one line) for infusions, blood sam- 
piing, and hemodynamic monitoring. To assess PCBF, 
the pancreas was exposed by minilaparotomy, placed 
in an immersion chamber with lactated Ringer's solu- 
tion maintained at 37 ° C, and positioned under a flu- 
orescence microscope (Leitz, Wetzlar, Germany) with 
a heat protection and excitation filter (450 to 490 nm). 
The animals received an intravenous injection of 0.5 
ml/kg erythrocytes labeled with fluorescein isothio- 
cyanate (FITC; Sigma, Deisenhofen, Germany). After 
a stabilization period of 10 to 20 minutes, a randomly 
chosen area in the head of the pancreas (400 to 325 
Ixm) was recorded for off-line analysis. In this area, 
blood flow was calculated in all capillaries based on 
the concentration of fluorescent erythrocytes per unit 
of arterial blood at the time of the recording, the cap- 
illary hematocrit value, and the number of FITC-  
labeled erythrocytes passing through the respective 
vessel.t3,14 Cardiorespiratory monitoring included re- 
peated measurements of mean arterial pressure, heart 
rate, and arterial blood gases. 

After baseline measurements of PCBF and the sys- 
temic cardiorespiratory parameters, animals were ran- 
domly divided into two groups for intravenous infu- 
sion of either 2 g/kg ethanol or the equivalent volume 
of 0.9% sodium chloride (via intravenous line 1). Both 
groups were further divided into three subgroups for 
additional treatment with 1.25 txg/kg endothelin-1, 
50 mg/kg of the specific endothelin-A receptor 
blocker LU-13Y2Y2 (both provided by Knoll AG, 
Ludwigshafen, Germany), or the volume equivalent 
of normal saline solution (via intravenous line 2). All 
infusions were given over 60 minutes using Harvard 
pumps (Harvard Apparatus, Inc., S. Natick, Mass.). 

We chose intravenous administration of the test so- 
lutions to shorten intravital microscopy of the ex- 
posed pancreas and to separate direct effects of 
ethanol on pancreatic microcirculation from indirect 
effects on the splanchnic circulation that might result 
from contact with the gastric mucosa and small 
bowel, is The alcohol dose and infusion rate had pre- 
viously been shown to produce ethanol blood levels 
between 1500 and 2000 mg/L without significantly 
altering systemic hemodynamic and respiratory para- 
meters. 4,16 Reevaluation of blood ethanol levels in the 
present experiment performed in 6 of the 18 animals 
that received alcohol revealed concentrations of 1795 
+ 83 mg/L at the time of PCBF measurements. The 
observation time was limited to 2 hours because 
healthy control animals maintain stable cardiorespi- 

ratory parameters and blood flow in the exposed pan- 
creas throughout this time33,14 The microscope was 
not moved during this time to allow repeated assess- 
ment of blood flow in the same capillaries. PCBF and 
systemic cardiorespiratory parameters were recorded 
before the start of the test solutions (to), after the in- 
fusion (t0, and 1 hour thereafter (t2). Computer-  
assisted off-line analysis of the recordings was per- 
formed by a blinded member of the team 03.H.) at the 
conclusion of the experiments. Since systemic circu- 
latory derangement may influence regional perfusion, 
only animals with stable cardiorespiratory function 
(mean arterial pressure >90 mm Hg, pO2 >80 mm 
Hg, pCO2 <50 mm Hg, pH >7.25 and <7.55) were 
included in the final analysis. At the end of the exper- 
iment, animals were killed with an overdose of intra- 
venous pentobarbital. 

All results are expressed as mean _ standard error 
of the mean. Changes in continuous variables over 
time within the same group of animals were analyzed 
using the paired Student's t test, which enabled mul- 
tiple comparison. Differences among groups were 
compared by analysis of variance. A P value <0.05 was 
considered significant. 

R E S U L T S  

Systemic cardiorespiratory parameters during the 
2-hour observation period remained stable in all but 
one rat treated with alcohol and endothelin; this ani- 
mal was subsequently excluded from further analysis. 
There were no significant differences in these para- 
meters between the experimental groups at any time 
point (Table I). PCBF before the administration of 
the test solutions was within the normal range of 1.95 
to 2.05 nl/min/cap in all experimental groups. After 
infusion of the test substances, PCBF was unchanged 
in saline-treated control animals (2.0 _+ 0.05 
nl/min/cap) and significantly reduced in animals given 
alcohol or ET-1 (1.7 +-- 0.04 nl/min/cap). The combi- 
nation of alcohol and ET-1 further reduced PCBF 
(1.5 _ 0.06 nl/min/cap), whereas the endothelin an- 
tagonist increased PCBF in the saline-treated animals 
(2.2 _+ 0.05 nl/min/cap) and prevented the reduction 
of PCBF in animals given alcohol (2.0 -+ 0.05 
nl/min/cap). Analogous differences between the ex- 
perimental groups were found 1 hour after infusion 
(Fig. 1). 

D I S C U S S I O N  

Reduced regional perfusion and microcirculatory 
disturbances are believed to play an important role in 
the pathogenesis of alcohol-associated damage in 
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Table I. Systemic cardiorespiratory parameters before (to) and 1 hour after (tl) administration of test solutions 

Map (mm Hg) pO2 (mm Hg) pC02 (mm Hg) pH 

Group (n) to tl to h to tl to t I 

S a l + S a l  (6) 121-+6 118 + 5  96 + 6  9 0 + 4  40_+2 41-+2  7.41-+0.01 7.39-+0.01 
S a l + E T - 1  (6) 119-+7 122-+4 98-+5  88-+8  39-+2 42-+3  7.40-+0.01 7 . 3 6 - 0 . 0 1  
S a I + E T - A g  (6) 120-+5 111-+5 101_+7 93-+5  41-+2  4 4 _ 3  7 . 3 8 - 0 . 0 2  7.31-+0.03 
E T O H + S a l  (6) 121-+5 116_+9 95-+7  86 -+4  40-+2  42-+5  7 .40+0.01  7 .35+0 .02  
E T O H + E T - 1  (6) 1 2 0 - 6  1 1 7 - 5  97 -+6  89-+6  3 8 + 2  43-+2  7.39 +0.02  7.34-+0.01 
E T O H + E T - A g  (6) 122-+7 1 1 7 + 6  99-+5  92 -+4  4 1 + 2  44-+3  7.39-+0.02 7.31-+0.02 

Sal = saline solution; ET-1 = endothelin-1; ET-Ag = endothelin-A receptor antagonist; ETOH = ethanol. 
There were no significant differences between the experimental groups at either time point. 
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Fig. 1. Pancreatic capillary blood flow (PCBF) 1 hour after infusion of test solutions. *=P <0.05 com- 
pared to baseline (before administration of test solutions; all baseline values were in the range of 1.95 to 
2.05 nl/min/cap) and control animals (Sal + Sal). **=P <0.05 compared to Sal + ET-1 and E T O H  + Sal. 

many organs including the heart, brain, stomach, and 
liver, s,6,17-21 Infusion of ethanol into the portal vein, 
for example, has been shown to cause vasoconstric- 
tion and microvascular disturbances in the liver with 
subsequent tissue hypoxia and hepatocellular in- 
jury22,23; in the gastric mucosa intragastric as well as 
intravenous ethanol administration decreases hemo- 
globin oxygen saturation and causes mucosal in- 
jury.Z1,24 The mechanism of the vasoactive ethanol ef- 
fect, however, is still unknown. Recently it has been 
demonstrated that alcohol-induced vasoconstriction 
and microcirculatory changes in the liver and stom- 
ach are associated with an increase in the vasoactive 
peptide endothelin. 9,25,26 This, together with the ob- 
servation that ethanol-induced vasoconstriction can 
be reduced by endothelin antibodies, 24 has suggested 
that the effect of alcohol on the vasculature is medi- 
ated by endothelin. 

The hypothesis that alcohol-associated changes in 
pancreatic perfusion may also be mediated by en- 
dothelin is based on the following three observations: 
(1) alcohol causes the release of ET-1 from the feline 
pancreas, 1° (2) endothelin receptor expression is in- 
creased in endothelial and ductal pancreatic cells in 
patients with chronic alcoholic pancreatitis, 27 and (3) 
small doses of (exogenous) endothelin reduce pancre- 
atic and pancreatic capillary blood flow without alter- 
ing systemic hemodynamic parameters, indicating 
high pancreatic susceptibility to endothelin. 12,28 These 
observations, together with the present findings of (1) 
a comparable PCBF decrease by alcohol and (exoge- 
nous) endothelin and (2) prevention of the alcohol- 
induced reduction in PCBF by endothelin receptor 
blockade, strongly support the hypothesis that en- 
dothelin mediates the alcohol-induced reduction in 
PCBF and may therefore play a critical role in the 
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pathogenesis of ethanol-induced pancreatic injury 
through impairment of perfusion and subsequent 
isehemia. 

The 2 g/kg alcohol dose used in the present study 
was chosen based on data from previous investigations 
showing that this dose of alcohol produces blood 
ethanol levels between 1500 and 2000 mg/L and re- 
duces PCBF and oxygenation without significantly al- 
tering systemic cardiorespiratory parameters in young 
female Wistar rats.  4,16,29 Despite the difference from 
the clinical situation with comparable blood ethanol 
concentrations often causing respiratory acidosis or 
episodes of hypo- or hypertension, we required sta- 
ble cardiorespiratory function since derangement of 
these parameters may compromise the interpretation 
of local microcirculatory changes. The doses of en- 
dothelin-1 and the specific endothelin A receptor 
blocker LU-I3'32Y2 were also chosen on the basis of 
previous experiments since they likewise did not sig- 
nificantly alter systemic hemodynamic parameters in 
rats. 3°,31 Increased PCBF in animals treated with the 
endothelin antagonist (as compared to saline-treated 
control animals) could be explained by the blockade 
of endogenous endothelin, which may be increased 
after laparotomy and exposure of the pancreas. 

The finding that the combination of alcohol and 
(exogenous) endothelin further reduced PCBF (com- 
pared to the already decreased values found in animals 
treated with alcohol or ET-1 alone) indicates that en- 
dogenous endothelin released by alcohol and exoge- 
nous endothelin has a synergistic effect and agrees 
with the observation that the effect of endothelin on 
the vascular system is dose dependent? Despite this 
additive effect on pancreatic perfusion, the systemic 
hemodynamic parameters remained stable (in all but 
one animal treated with alcohol plus ET-1) indicat- 
ing that there is no correlation between the local and 
the systemic action of endothelin. This agrees with 
endothelin measurements in different organs, which 
appeared to be too low to affect more than the re- 
gional vascular beds. 18,21,26 In addition, endothelin 
susceptibility of different vascular beds varies, proba- 
bly in relation to endothelin receptor expression. 32,33 

In the present study we did not measure the release 
of endothelin or compare regional and systemic 
plasma levels since other groups previously demon- 
strated increased endothelin in cultured endothelial 
cells, perfused vessels, and regional perfusion includ- 
ing pancreatic venous blood a few minutes after alco- 
hol administration. 8-~°'34 The temporal course of 
changes in regional ethanol and ET concentrations, 
however, which have not yet been investigated in de- 
tail either, would be of great interest because it is not 
known at present why low blood alcohol concentra- 
tions cause an increase in splanchnic blood flow. 35 

Furthermore, it has not yet been determined whicf 
member of the endothelin family and which receptor! 
are mainly involved. Our findings suggest that ET-1 i! 
the main mediator of alcohol-induced changes, a, 
least in pancreatic microcirculation, since the en. 
dothelin antagonist effective in the present study i: 
specific to the endothelin A receptor, which selec. 
tively binds ET-1.36 

The mechanism by which endothelin may caus( 
the reduction in regional blood flow is not clear. Firs 
described as a vasoconstrictor, 37 endothelin is pres. 
endy considered to be a multifunctional c y t o k i n e .  32,3: 
Masuda et al. 21 observed gastric mucosal congestioi 
in association with alcohol and endothelin and sug. 
gested that endogenous endothelin (released by alco. 
hol) may concentrate in the venules and cause venulaJ 
constriction. In the present experiment we did not de. 
tect any vasomotion at the capillary level or notabh 
vasoconstriction or vasodilatation when examinin[ 
vessels upstream of the capillaries. Therefore we ten( 
to support the concept that endothelin leads tc 
changes within the endothelial cells. This hypothesi.. 
is in agreement with the observation of Kvietys e 
al. 38,39 who demonstrated (endothelin-mediated?i 
leukocyte endothelial interaction and neutrophil. 
associated endothelial cell injury after alcohol admin 
istration in the gastric mucosa. These changes couk 
easily cause a reduction of capillary blood flow and al 
increase in microvascular permeability, which ha: 
been observed in other experiments in rats exposed t( 
ET_l.40,41 

C O N C L U S I O N  

Although we cannot draw any firm conclusions re 
garding mechanisms, our observation that PCBF i 
comparably decreased by alcohol and small doses o 
exogenous ET-1 and that the alcohol-induced reduc 
tion in PCBF can be aggravated by ET-1 and pre 
vented by a specific endothelin-1 antagonist provid( 
strong evidence that ET-1 is the mediator of alcohol 
associated pancreatic perfusion disturbances. Thes, 
findings suggest that ET-1 produced in response t( 
alcohol plays a critical role in the pathogenesis o 
ethanol-induced pancreatic injury through pancreati, 
microcirculation impairment, thereby increasing th, 
susceptibility of the pancreas to injury. 
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Discussion 
Dr. S. Strasberg (St. Louis, Mo.). I noted that the dose 

of alcohol you used was 2 g/kg/hr. For a 70 kg man, that 
works out to be the equivalent of approximately half a bot- 
tle of whiskey in an hour. Since you only experienced a 
moderate 25% reduction in blood flow, have you per- 
formed dose-response studies for alcohol? 

Dr. Foitzik. We have done this in previous studies. I f  
higher doses of alcohol are used, there will be changes in 
the systemic cardiorespiratory parameters. We do not per- 
form experiments under these conditions because then the 
effect of alcohol on the local microcirculation cannot be in- 
terpreted. A dose of 2 g/kg alcohol given over 1 hour is the 
maximal dose that we found can be used in these animals 
without causing significant alterations in the systemic car- 
diorespiratory parameters. You are indeed correct-- the 
dose is relatively high. 

Dr. Strasberg. What effect do you think a 25% reduc- 
tion in pancreatic blood flow has on the induction of in- 
flammation in the organ. You can reduce blood flow to the 
liver by 25% and the liver does not seem to be adversely af- 
fected. 

Dr. Foitzik. The pancreas is very susceptible to isc 
emia. Nevertheless, a 25% reduction in pancreatic blc 
flow does not injure the pancreas, per se. However, if ah 
hol is superimposed on other noxious agents, for exam[ 
exocrine hyperstimulation, pancreatic cell injury will occ 
such is not the case when animals are exposed to exocr 
hyperstimulation alone. To my knowledge, the liver is ] 
adversely affected by this amount of alcohol, but the g 
tric mucosa is. 

Dr. M. Sunamura (Sendai, Japan). I think this re& 
tion in pancreatic microcirculation is very significant. [ 
you detect any change in pancreatic parenchyma after t 
reduction in pancreatic microcirculation. 

Dr. Foitzik. I completely agree with you. We are i 
speaking of microcirculation. I only presented the data 
PCBE Microcirculation comprises several other factors a 
we are evaluating these parameters right now. We 
studying leukocyte endothelial interaction, vascular pern 
ability, and functional capillary density, which I think are 
important as capillary blood flow. 
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The objective of this study was to describe recent trends in the management of mild-to-moderate gall- 
stone pancreatitis and assess patient outcomes. Acute gallstone pancreatitis has traditionally been man- 
aged with open cholecystectomy and intraoperative cholangiography during the initial hospitalization. 
The popularization of endoscopic retrograde cholangiopancreatography (ERCP) and laparoscopic 
cholecystectomy has made a reassessment necessary. Two consecutive time periods were retrospectively 
analyzed: prior to laparoscopic cholecystectomy (prelaparoscopic era [PLE]) and after the diffusion of 
laparoscopic cholecystectomy (laparoscopic cholectomy era [LCE]). There were 35 patients in the PLE 
group and 58 in the LCE group. LCE patients waited 37.1 -+ 63 days from admission until cholecys- 
tectomy, compared to 9.8 -+ 14.8 days in the PLE group (P = 0.04). Biliary-pancreatic complications 
occurred in 24% of LCE patients and only 6% of PLE patients (P = 0.05), nearly always while they were 
awaiting cholecystectomy (P = 0.009). Patients in either time period who underwent cholecystectomy 
with intraoperative cholangiography developed less pancreatic-biliary complications than those who 
underwent ERCP prior to cholecystectomy, with or without sphincterotomy. Delaying the interval from 
pancreatitis to laparoscopic cholecystectomy beyond historical values is associated with a greater risk of 
recurrent biliary-pancreatic complications, which are not prevented by the use of ERCE Early cholecys- 
tectomy with intraoperative ductal evaluation is still the approach of choice. (J GASTROINTEST SURG 
1998;2:385-390.) 

Although the incidence of acute pancreatitis de- 
pends on the referral population, the prevalence 
ranges from 54 to 238 cases per million. 1,2 Approxi- 
mately one half of all cases of pancreatitis are attrib- 
utable to biliary tract stone disease and serious com- 
plications may occur in 20% to 30% of cases with an 
overall case-fatality rate of approximately 10% .2-4 

The traditional management of mild-to-moderate 
gallstone pancreatitis is based on the principle of early 
supportive care followed by an open cholecystectomy 
during the initial admission once the acute manifesta- 
tions have resolved, s-7 Since the early 1990s, however, 
laparoscopic cholecystectomy has rapidly emerged as 
the procedure of choice for the treatment of patients 
with symptomatic cholelithiasis. 8-1° The  introduction 
of  this modality, along with the popularization of  

other minimally invasive diagnostic and therapeutic 
techniques, has made it necessary to reevaluate the 
treatment of many biliary tract diseases. A retrospec- 
tive study was thus undertaken to describe the impact 
of  these modalities in the management of gallstone 
pancreatitis and their effect on patient outcome. 

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

Data were collected from the prospective McGill 
University endoscopic retrograde cholangiopancre- 
atography (ERCP) and laparoscopic cholecystectomy 
(LC) databases. Supplemental information was ob- 
tained from retrospective hospital chart review and 
telephone interviews. All patients with a diagnosis of  
acute gallstone pancreatitis treated at one of three 
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McGill University teaching hospitals between April 
1991 and July 1992 were candidates for the study if 
they had survived the initial episode of pancreatitis. 

The diagnosis of acute gallstone pancreatitis re- 
quired all of the following criteria: epigastric pain, hy- 
peramylasemia (serum amylase level greater than 
twice normal), and a documented gallstone or com- 
mon bile duct stone on ultrasound, or at cholangiog- 
raphy. Patients were excluded from the study if a his- 
tory of alcohol abuse was reported or if hypertriglyc- 
eridemia or hypercalcemia was noted on laboratory 
testing. Attempts were made to contact all patients for 
follow-up by phone. Patients were classified as be- 
longing to the prelaparoscopic cholecystectomy era 
(PLE) if they were admitted before September 1, 
1991, and to the laparoscopic cholecystectomy era 
(LCE) if they were admitted after September 1, 1991. 
This particular date was chosen as the cutoff because 
it allowed us to compare the approach tO gallstone pan- 
creatitis across both time periods rather than simply 
the effects of the method of cholecystectomy. It rep- 
resents the time by which the laparoscopic technique 
had become the modality of choice for the manage- 
ment of cholelithiasis at the McGill University hos- 
pitals and by which all surgeons involved in this study 
had concluded their LC "learning curve." 

Demographic information included age and sex. 
Baseline variables included serum bilirubin, amylase, 
aspartate aminotransferase (AST), and alanine amino- 
transferase (ALT) values and the duration of symp- 
toms prior to admission. The premorbid condition of 
patients was assessed by determining the American 
Society of Anesthesiologists (ASA) physical status 
score. 11 The clinical severity of the attack of pancre- 
atitis was graded according to the number of Ranson's 
criteria that were present in the first 24 hours. 12 The 
severity of disease on CT scans was graded from A to 
E, as previously reported in the literature. 13 Imaging 
results from ultrasound, CT scans, and ERCP exam- 
inations as well as operative findings were reviewed 
and recorded. Procedural variables across both time 
periods included the number of cholecystectomies 
performed (laparoscopic or open), intraoperative 
cholangiograms, ERCPs, and the time interval be- 
tween the index case of pancreatitis and cholecystec- 
tomy. 

Patient outcome variables included total duration 
of hospital stay, duration of postoperative stay, and to- 
tal complications. Total complications included bil- 
iary-pancreatic and ERCP-related complications. A 
biliary-pancreatic complication was defined as any 
complication related to the presence, persistence, or 
recurrence of cholelithiasis or choledocholithiasis (se- 
vere biliary colic, cholecystitis, cholangitis, pancreati- 
tis, or pseudocyst). ERCP-related complications were 

those temporally related to the performance of the 
procedure including bleeding, pancreatitis, cholangi- 
tis, perforation, and basket impacdon. 14 To avoid the 
confounding related to the increased use of ERCP in 
the LCE group, we did not count ERCP-related pan- 
creatitis as a "biliary-pancreatic complication" when 
comparing the PLE and LCE groups. 

Statistical Analysis 

Normally distributed continuous variables are ex- 
pressed as mean ± standard deviation. Continuous 
variables with a skewed distribution are described 
with medians and ranges, or mode. Wherever possi- 
ble, 95% confidence intervals (CI) around point esti- 
mates of proportions were given using the normal ap- 
proximation of the binomial distribution. 

Between-group comparisons of continuous vari- 
ables were carried out using Student's t test or non- 
parametric testing where applicable. Between-group 
comparisons of categorical variables were performed 
using contingency table analysis: Chi-square or 
Fisher's exact tests, where appropriate. A P value of 
0.05 or less was considered significant. 

RESULTS 

Of the 476 charts reviewed, 93 satisfied the criteria 
for inclusion in the study. The remaining 383 patients 
were excluded because of an erroneous diagnosis, in- 
ability to satisfy the study definition of gallstone pan- 
creatitis, the presence of chronic pancreatitis, or miss- 
ing data. There were 35 patients in the PLE group 
and 58 patients in the LCE group. The mean follow- 
up time was 20.9 months (range 8.5 to 38.1 months) 
with a follow-up rate of 76.3%, as achieved by means 
of telephone interviews. There were no differences 
between the two groups in terms of age, sex distribu- 
tion, or premorbid condition (ASA score) (Table I). 
Nearly all patients presented with mild pancreatitis, 
as reflected by the 24-hour Ranson score and CT 
grade. There was no difference in biochemical or ul- 
trasound findings across time periods (data not illus- 
trated). 

The proportion of patients undergoing cholecys- 
tectomy was similar in the PLE and LCE groups 
(71% vs. 74%, respectively). In the LCE group the 
majority of patients underwent LC, although 28% 
still had an open cholecystectomy either as a primary 
procedure or as a conversion (Table II). 

Patients in the LCE group underwent intraopera- 
rive cholangiography less frequently than did those in 
the PLE group: 26% (95% CI = 10% to 31%) vs. 
68% (95% CI = 31% to 66%) (P <0.05), but they 
underwent ERCP more often: 57% (95% CI = 43% 
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Table I. Baseline variables 

PLE (n = 35) LCE (n = 58) P value 

Age (yr)* 60.5 --. 19.9 59.5 -+ 19.0 NS 
Females 21 (60%) 40 (69%) NS 
Ranson's score at 24 hourst 1 1 
CT grader A A 
ASA scorer 1 1 
Telephone follow-up 23 (66%) 42 (72%) NS 
Time to follow-up (too)* 29.2 +_ 4.6 15.1 -+ 5.0 

NS -- not significant. 
*Mean _+ standard deviation. 
tMode. 

Table II. Procedural variables 

PIE (n = 35) ICE (n = 58) Pvalue 

25 (71%) 43 (74%) NS 
25 (100%) 12 (28%) 

0 31 (72%) 
17 (68%) 11 (26%) <0.05 
7 (2O%) 33 (57%) <O.05 
2 (28%) 14 (42%) <0.05 
5 (72%) 19 (58%) NS 

Choleeystectomy 
Open 
Laparoscopic 

Intraoperafive eholangiogram 
ERCP 

No sphincterotomy 
Sphincterotomy 

Table Ill .  Measures of outcome 

PLE LCE P value 

Mean total hospital stay (days) 
Hospital stay due to pancreatitis (days) 
Median postoperative hospital stay (days) 
Interval from admission to eholeeystectomy (days) 

16.3 _+ 16.4 14.5 _+ 11.5 NS 
7.0 __ 3.4 9.1 ___ 4.6 NS 

9 4 NS 
9.8 _+ 14.8 37.1 __ 63 0.04 

Values are mean +_ standard deviation except where indicated. 

Table IV. Complications 

PLE LCE P value 

Total complications 11 (31%) 
Biliary-pancreatic complications 2 (6%) 
Biliary-pancreatic complications during 0 

interval to cholecystectomy 

27 (47%) NS 
14 (24%) 0.05 
12 (87%) 0.009 

to 70%) vs. 20% (95% CI = 8% to 37%) (P <0.05). 
The use of  ERCP in LCE patients did not  depend on 
the type of  cholecystectomy performed (P = 0.85). O f  
the LCE patients undergoing ERCP, 58% (95% CI 
= 29% to 96%) had a sphincterotomy compared to 
72% (95% CI = 39% to 75%) in the PLE group (P 
>0.05) (see Table H). An endoscopic sphincterotomy 
was performed in all cases where a common bile duct 
stone was suspected at ERCP. 

There were no differences between groups in the 
durations of  total hospital stay or hospital stay re- 

quired for the episode of  pancreatitis (Table 11I). Pa- 
tients in the LCE group waited a mean of  37.1 __ 63 
days from admission until cholecystectomy as com- 
pared to 9.8 _+ 14.8 days for the P L E  group (P = 
0.04). The  total complication rates (Table IV) were 
similar in both groups: 27 (47%) in the L C E  group 
and 11 (31%) in the PLE group. ERCP was responsi, 
ble for one complication in a PLE patient (14%; 95% 
CI = 0.4% to 58%) and two complications in the 
L C E  group (6.1%; 95% CI = 0.7% to 20%); these 
were all episodes of  mild pancreatitis. 
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Table V. Relationship between ERCP and occurrence 
of a biliary-pancreatic complication during the 
interval to cholecystectomy* 

Bifiary-pancreatic No biliary-pancreatic 
complications complications 

ERCP 7 33 
N o  ERCP 3 50 

*P = 0.09. 

Table VI. Relationship between ERCP with 
sphincterotomy and occurrence of a biliary-pancreatic 
complication during the interval to cholecystectomy 
(all patients except two with post-ERCP pancreatitis)* 

Biliary- No biliary- 
pancreatic pancreatic 

complications complications 

Sphincterotomy 4 13 
N o  sphincterotomy 6 70 

*P = 0.08. 

As defined in the Methods section, biliary-pancre- 
atic complications were compared without including 
ERCP-related pancreatitis. Fourteen patients (24%; 
95% CI = 17% to 41%) in the LCE group had a bil- 
iary-pancreatic complication vs. two (6%; 95% CI = 
2% to 23%) in the PLE group (P -- 0.05). The bil- 
iary-pancreatic complications in the PLE group con- 
sisted of recurrent pancreatitis in one patient and 
pseudocyst formation in another. Complications in 
the LCE group included recurrent pancreatitis in six, 
cholecystitis in four, and cholangitis, biliary colic, and 
pseudocyst in one case each. One patient in the LCE 
group died of multiple organ failure following recur- 
rent pancreatitis. 

In assessing the timing of the biliary-pancreatic 
complications, 87% of those in the LCE group oc- 
curred while the patients were awaiting cholecystec- 
tomy. In the PLE group both biliary-pancreatic com- 
plications occurred postoperatively and none occurred 
during the interval to cholecystectomy (P = 0.009). 

The  relationship between ERCP and the occur- 
rence of a biliary-pancreatic complication during the 
wait for cholecystectomy was then analyzed in all pa- 
tients irrespective of the time period to which they 
belonged. The performance of an ERCP did not pro- 
tect patients against the subsequent occurrence of a 
biliary-pancreatic complication (Table V). In fact, per- 
forming an ERCP with or without a sphincterotomy 
(Table VI) was associated with a three times greater 
likelihood of developing a biliary-pancreatic compli- 
cation (not significant). Furthermore, this is true even 

though all ERCP-related episodes of pancreatitis h 
been excluded from this part of the analysis, thus u 
derestimating the overall incidence of pancreatitis 
these patients. 

D I S C U S S I O N  

For many years now, early cholecystectomy duri 
the index admission has supplanted prolonged cc 
servative management with delayed operative intl 
vention in the treatment of mild-to-moderate g~ 
stone pancreatitis, ls-18 This approach was shown 
have reduced both the likelihood of recurrent p~ 
creatitis and the total duration of hospital stay. s-~ 
reassessment of this treatment algorithm has be 
brought about by the recent emergence of LC and 1 
suggested role of ERCP in early acute severe bili: 
pancreatitis. 19-21 The purpose of the present study v 
to assess the impact of these on the management 
mild-to-moderate acute gallstone pancreatitis wh 
emphasizing changes specifically occurring with t 
introduction of LC. 

Data from the McGill University LC and ER~ 
registries confirmed that the baseline characterist 
of the patient populations and the episodes of panc 
atitis were similar before and after the introduction 
LC. However, a clear change in the treatment al~ 
rithm was observed across time periods. In the P] 
period, patients underwent cholecystectomy with 
traoperative cholangiography during the initial 
mission; in the LCE period, however, most patie 
underwent preoperative ERCP and were then schl 
uled for elective LC, often during a subsequent: 
mission. This change in utilization of ERCP 
characteristic of all patients in the LCE group, ir 
spective of whether they had undergone a lapa: 
scopic or open cholecystectomy, thus reflectin 1 
change in overall approach rather than an isolated 
fect of the use of LC. This phenomenon was also sl 
ported by the finding that the increased referral o f  
tients for ERCP was not related to any specific b 
chemical, radiologic, or clinical factor. This chang( 
philosophy expectedly resulted in more liberal us~ 
ERCP as a diagnostic modality for patients in 
LCE group, which is reflected by a drop in the int 
operative cholangiography rate when compared to 
PLE group. Some of these observations have alre: 
been made by others. 22-24 

The total duration of hospital stay in both time 
riods was principally related to the index episod~ 
pancreatitis. Although the duration of postoperal 
hospitalization was similar in both groups, a shoJ 
stay in the LCE group (median of 9 vs. 4 days, 
spectively) may have been obscured by the small st 
pie size (see Table III). 
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The most notable difference between the PLE and 
LCE groups was the mean duration of time from the 
initial admission for acute gallstone pancreatitis to 
subsequent cholecystectomy (9.8 + 14.8 days vs. 37.1 
-+ 63 days, respectively; P = 0.04). Because of the ret- 
rospective nature of this study, reasons for the delay in 
performing LC can only be hypothesized, although 
they represent an important characteristic of the phi- 
losophy guiding the approach in the LCE group. 
They may relate to any of the following: operating 
room or ERCP scheduling conflicts, institutional 
pressure for early patient discharge, or the erroneous 
perception that the acute pancreatic inflammatory 
process may somehow lead to an increase in the rate 
of conversion to open surgery (indeed this has been 
disproved). 25 A further possibility, which we favor, 
may have been the belief that performing an ERCP 
soon after resolution of the pancreatitis would protect 
against recurrent episodes of pancreatitis, thus allow- 
ing the surgeon to delay the date of the cholecystec- 
tomy.  26,27 This last point will specifically be addressed 
later on in this article. 

The overall complication rates were similar for 
both time periods (see Table IV). However, a signifi- 
cant increase in pancreatitis and other biliary-pancre- 
atic complications was identified in LCE patients as 
compared to PLE patients (24% vs. 6%, respectively; 
P = 0.05). This difference was primarily related to 
complications occurring while patients were waiting 
to undergo cholecystectomy. Because episodes ofpan- 
creatitis related to ERCP were excluded from these 
calculations, the occurrence of biliary-pancreatic 
complications was most likely related to the duration 
of time between the episode of pancreatitis and chole- 
cystectomy, as suggested in the prelaparoscopic liter- 
ature s-7,15-1s and recendy confirmed by others. 22,28,29 
There were 12 such complications in the LCE group 
and none in the PLE group (P = 0.009). 

The results summarized in Tables V and VI ad- 
dress the hypothesis that performing an ERCP (with 
or without sphincterotomy) might keep a patient 
from developing biliary-pancreatic complications in 
the interval prior to cholecystectomy. ERCP did not 
reduce the incidence of such complications, even 
though ERCP-related pancreatitis had been excluded 
from the analysis. In fact, there was a trend suggesting 
that patients referred for ERCP in the interval to 
cholecystectomy were at increased risk for the devel- 
opment of biliary-pancreatic complications, even 
though the reasons for referral for ERCP were simi- 
lar to those among patients requiring intr~operative 
cholangiography. Although this finding may not be 
surprising for diagnostic ERCP, performing a sphinc- 
terotomy also did not appear to decrease the likeli- 
hood of developing a biliary-pancreatic complication 

among patients awaiting cholecystectomy (see Table 
VI). Possible reasons for this may relate to factors 
such as the inadequacy of the size of the sphincter- 
otomy, 3° or other variables that were not readily avail- 
able for comparison in our study population. 

These findings, in conjunction with other reports, 
cast doubt over the role of preoperative ERCP in the 
routine management of mild-to-moderate acute gall- 
stone pancreatitis for several reasons. In this context, 
ERCP has been reported to exhibit a low diagnostic 
yield in detecting common bile duct s tones ,  31"33 even  
though this rate was high in the present series of pa- 
tients. Furthermore, ERCP carries significant mor- 
bidity; indeed it was associated with a 7.5% (3/40; 
95% CI = 1.6% to 20.4%) overall rate ofpost-ERCP 
pancreatitis in the present study. Last, we have shown 
in our patients that neither diagnostic nor therapeutic 
ERCP appeared to protect against recurrent biliary 
complications. 

A more judicious approach is thus to perform in- 
traoperative cholangiography at the time of LC; if a 
common bile duct stone is found, the patient may then 
undergo either operative clearance or postoperative 
ERCP. These conclusions have been confirmed by 
preliminary results from decision analysis modeling. 34 

C O N C L U S I O N  

Although LC is safe in the treatment of patients 
with mild-to-moderate gallstone pancreatitis, a delay 
in performing LC is associated with a significantly 
greater and unacceptable risk of recurrent biliary-pan- 
creatic complications. Furthermore, preoperative 
ERCP in this context does not appear to reduce the 
incidence of these complications in the interval to 
cholecystectomy. Early LC with intraoperative duc- 
tal evaluation should therefore be the preferred ap- 
proach. If these observations are confirmed by others, 
ERCP in the context of acute mild or moderate gall- 
stone pancreatitis can be reserved for patients with 
proven concomitant choledocholithiasis or for post- 
operative patients with a suspected common bile duct 
stone. 
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Effect of Endotoxin on Canine Colonic 
Motility and Transit 

Stephen T Spates, M.D., Joseph J. Cullen, M.D., Kimberly S. Ephgrave, M.D., 
Marilyn M. Hinkhouse, B.S. 

Diarrhea is a common problem in patients who have episodes of sepsis and are beingfed enterally. En- 
dotoxemia results in gastrointestinal motor dysfunction characterized by slowed gastric emptying and 
rapid intestinal transit; however, the effect of endotoxin on colonic motility is unknown. The aim of our 
study was to determine the effects of a single sublethal dose of endotoxin on colonic motility and transit. 
Seven dogs underwent construction of a 50 cm colonic Thiry-Vella fistula. Five manometry catheters 
were sewn into the colonic lumen at 8 cm intervals along the fistula. Following recovery, the fistula was 
perfused with an isotonic solution at 2.9 ml/min, and fasting and postprandial colonic motility was de- 
termined. Liquid transit was assessed by bolus ofa nonabsorbable marker instilled into the proximal end 
of the Thiry-Vella fistula. Recordings of gastrointestinal contractile activity were made digitally to de- 
termine contractile frequencies and motility indexes. Following completion of the baseline studies, each 
dog was given a single dose ofE. coli lipopolysaccharide, 200 ~g/kg intravenously, and studies were re- 
peated daily for the next 3 days. Endotoxin doubled the fasting colonic contractile frequency on posten- 
dotoxin day 1 and also increased motility indexes on that same day. Fasting motility indexes and con- 
tractile activity were decreased on postendotoxin days 2 and 3. The postprandial frequency of contractions 
and motility indexes were decreased on postendotoxin day 3. Fasting colonic liquid transit was rapid on 
postendotoxin day 1, whereas postprandial liquid transit was rapid on both postendotoxin days 1 and 2. 
Endotoxin temporarily speeds liquid transit and increases both the frequency and strength of colonic 
contractions. These effects may contribute to the diarrhea that occurs during episodes of sepsis. (J GAS- 
TRO1NTEST SURG 1998;2:391-398.) 

Diarrhea is a c o m m o n  problem in patients who 
have episodes of sepsis and are being fed enterally and 
has been estimated to occur in 10% to 20% of criti- 
cally ill patients) C o m m o n  causes of diarrhea in crit- 
ically ill patients include hypoalbuminemia, hyperos- 
molar formulas, antibiotics, and infections. 2 Unfortu- 
nately, more  than 50% of  patients cannot  be ade- 
quately treated by changing dietary factors to correct 
osmotic d iarrhea)  Thus  other  pathophysiologic 
causes of  the diarrhea, including secretory or exuda- 
rive factors or diarrhea secondary to altered intestinal 
motility, must  be considered. 

T h e  mechanisms of  altered moti l i ty in diarrhea 
states are poorly understood, but it is likely that dis- 
ordered colonic motility plays a role in many types of 
diarrhea. Colonic transit is rapid during diarrheal 

states, even though overall colonic mo to r  function 
may be decreased. Colonic  contractile activity in- 
cludes individual phasic contractions, which are orga- 
nized into groups of contractions separated by quies- 
cent periods. These contractile states, sometimes re- 
ferred to as colonic motor  complexes, 4 propagate vari- 
able distances, mostly in the aborad direction but  
sometimes in the orad direction. In diarrheal states 
the absence of phasic contractions, which slow transit 
and represent the majority of  colonic activity, results 
in rapid colonic transit. Colonic contractile activity 
also includes large-amplitude contractions, sometimes 
referred to as giant migrat ing contractions. These  
contractions are of long duration and large amplitude, 
and propagate over a greater length of  colon. Giant 
migrating contractions in the distal colon are thought  
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to provide the force to rapidly move feces during 
defecation. These large-amplitude contractions, es- 
pecially in distal colonic segments, can also influence 
transit resulting in frequent defecation. Thus  loss of 
phasic contractions (resulting in rapid colonic transit) 
or an increase in the number  of large-amplitude mi- 
grating contractions (propelling the fecal stream ab- 
orad) may both contribute to the motility disorder re- 
suiting in diarrhea. 

Endotoxemia results in gastrointestinal motor  dys- 
function characterized by slowed gastric emptying 
and rapid intestinal transit. However, little is known 
about the effect of endotoxin on colonic motility and 
transit. Inflammatory disorders of the colon are fre- 
quently accompanied by diarrhea, which is related to 
changes in motor  activity of the sigmoid colon. 5 Pre- 
vious studies from our laboratory have indicated that 
endotoxemia has profound effects on colonic transit. 6 
Colonic transit of solids in dogs was slowed 24 hours 
after a single sublethal dose of endotoxin. Thus  the 
aim of our study was to determine the effects of a sin- 
gle sublethal dose of endotoxin on colonic motility 
and transit. 

M A T E R I A L  A N D  M E T H O D S  
Preparation of  An ima l s  

All procedures, care of animals, and conduct of ex- 
periments were carried out according to the protocol 
approved by the Veterans Administration and Uni-  
versity of Iowa Animal Care and Use Committees.  
Surgical procedures and experiments were performed 
in accordance with the "Guide for the Care and Use 
of Laboratory Animals," published by the Uni ted 
States Public Health Service. Seven conditioned mon- 
grel dogs weighing 12 to 18 kg were anesthetized with 
thiopental sodium (25 mg/kg) and halothane. Under  
aseptic operating conditions, dogs underwent  con- 
struction of a colonic Thiry-Vella fistula. Briefly, a 50 
cm segment of colon starting at the cecum and ending 
at the sigmoid colon was isolated, and the anatomic 
continuity of the remaining bowel was reestablished 
by an ileorectostomy end-to-end anastomosis. Five 
perfused, noncompl iant  intraluminal polyethylene 
manometry catheters (outer diameter = 2.25 ram; in- 
ternal diameter = 1.25 mm) were sewn into the 
colonic lumen of the T V F  at 8 cm intervals beginning 
5 cm from the proximal end. All manometry catheters 
were embedded in a stainless steel cannula positioned 
in and anchored to the anterior abdominal wall. A 
metal perfusion cannula was inserted through the ap- 
pendiceal orifice into the proximal end of the colonic 
loop, and the proximal end was oversewn. The  distal 
end of the colon was connected to a modified Thomas 

cannula, which was then brought  through the ab- 
dominal wall. T h e  animals were allowed to recover 
for 2 weeks before baseline studies were begun. Dur- 
ing the recovery period, the cannulas were flushed pe- 
riodically with 0.9% NaCI to prevent mucous plug- 
ging. 

Conduct of Experiments 

After an 18-hour fast, the dogs were placed in a 
Parlor  sling, and fasting and fed studies of absorption 
and transit were begun. The  distal cannula was irri- 
gated with 30 ml of 0.9% NaC1 to clear it of debris. 
The  Thiry-Vella fistula was perfused via the proximal 
cannula at 2.9 ml /min  using a pump (Masterflex 
pump, Cole-Parmer Instrument Co., Niles, Ill.) with 
warmed (37 ° C) solution containing 120 m m o l / L  
NaC1, 20 m m o l / L  NaHCO3,  5 mmol /L  KC1, 5.6 
m m o l / L  glucose, and 5 g/L polyethylene glycol 
(PEG). The  concentration of PEG in the sample was 
determined by a mrbidimetric method 14 using a spec- 
t rophotometer  (Coleman Junior II, Coleman Instru- 
ments,  Maywood,  Ill.) to calculate the recovery of  
PEG. At the beginning of each study, the manometric 
catheters (perfused at a rate of 0.3 ml/hr  with a low- 
compliance capillary infusion system using deionized, 
degassed water) were connected to pressure transduc- 
ers Wiggo-Spectramed model DT-XX, Spectramed 
Inc., Oxnard, Calif.). Manometry  signals were con- 
verted from an analogue to a digital signal and relayed 
directly into a real-time digital acquisition system 
controlled by a personal computer (Hewlett-Packard 
75000 series B mainframe, Mountain  View, Calif.), 
which allowed display of the data as they were ac- 
quired at a rate of 3 Hz and later storage of the data 
on hard disk. The  stored data were analyzed using the 
DADiSP software package (DADiSP/windows ver- 
sion 3.01C; DSP Development  Corp., Cambridge, 
Mass.). The  infusion was continued for 1 hour before 
any measurements of motility or transit were done. 
Following measurement  of colonic motili ty for 2~A 
hours, liquid transit was determined by instilling a bo- 
lus of a nonabsorbable marker, phenolsulfonphthalein 
(PSP, 0.125 mg in 0.5 ml volume) into the proximal 
perfusion catheter. Sampling was continued from the 
distal cannula, and content was collected every 2 min- 
utes for the next 25 minutes. Aliquots were assayed 
for determination of PEG and PSP concentrations. 
Recovery of PSP was corrected for fractional intralu- 
minal content  recovery determined using P E G  re- 
covery. The  time from bolus to recovery of one half of 
the PSP was chosen as the transit time for the 50 cm 
colonic segment. Following the fasting studies, the 
dogs were gavage fed a 240 kcal liquid meal consisting 
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of 240 ml of Sustacal (Mead Johnson & Company, 
Evansville, Ind.), and measurements of colonic motil- 
ity and transit were repeated as in the fasting periods. 

Following completion of two baseline studies on 
each dog, the endotoxin studies were begun. After an 
overnight fast, each dog was given a single bolus in- 
fusion of Escerichia coli lipopolysaccharide, serotype 
055:B5 (Sigma Chemical Co., St. Louis, Mo.), 200 
I~g/kg intravenously. Colonic infusions and the fasting 
and fed studies were then begun (postendotoxin day 
1) and repeated each day for 2 more days. All dogs 
were fasted with free access to water throughout the 
postendotoxin period. After completion of the endo- 
toxin studies, all dogs were killed and postmortem ex- 
aminations were performed. No dog had any evidence 
of mechanical small bowel obstruction, perforations, 
or other intestinal abnormalities. 

Analysis of Data 

Determination of Colonic Motility. Motility re- 
cordings were analyzed with a personal computer us- 
ing the DADiSP software program to quantitate 
motility events. Movement artifacts in the manomet- 
ric data were eliminated by computerized deletion of 
pressure waves that occurred simultaneously across all 
manometric recording sites. At each channel, pressure 
waves greater than 10 mm Hg were recognized and 
their duration, amplitude, and frequency were 
recorded. The amplitude of each peak was defined as 
the distance from the baseline to the apex of the un- 
filtered peak. The motility index (MI) was defined as 
MI = 1Oge (sum of amplitudes × number of pressure 
waves + 1) and was calculated separately for the fast- 
ing and fed colonic motility and transit studies. 

A computer program was created within the 
DADiSP environment to determine the frequency of 
giant migrating contractions as previously described 
by Karaus and Sarna. 4 Briefly, peaks greater than 50 
mm Hg from baseline, which occurred in three to five 
consecutive channels, within a 5-second time window, 
were considered giant migrating contractions. 

Determination of Transit Time. The transit of the 
liquid isotonic solution was expressed as the time 
from bolus to recovery of one half of the PSP from 
the distal cannula and expressed as the half-time (T~) 
for the 50 cm colonic transit. Two baseline transit 
studies were performed in each dog and a mean value 
was obtained. 

Statistical Analysis. All results are expressed as 
mean +- standard error of the mean. One-way analy- 
sis of variance with Tukey's test and Wilcoxon rank- 
sum test were performed to compare the baseline 
studies with the postendotoxin studies for the motility 

and transit parameters. Chi-square analysis using a 
Mann-Whitney U test was used to determine the dif- 
ference in giant migrating contractions during the 
baseline and postendotoxin periods. All statistical tests 
were performed with the Systat statistical software 
program (Systat Inc., Evanston, Ill.). 

RESULTS 
Colonic Motil i ty 

During the baseline studies, both short- and long- 
duration contractions were seen throughout the 
length of the colon (Fig. 1). Immediately following 
endotoxin bolus, the frequency and amplitude of 
colonic contractions increased (Fig. 2). Additionally, 
giant migrating contractions were seen that were also 
associated with defecation in the dog. No giant mi- 
grating contractions were seen during these baseline 
studies; however, giant migrating contractions were 
present in four of the seven dogs during the fasting 
period on postendotoxin day 1 (P < 0.01). Giant mi- 
grating contractions were absent for the rest of the 
postendotoxin study days. After 24 hours, during post- 
endotoxin day 2, there was a decrease in both the fre- 
quency and strength of colonic contractions and no 
giant migrating contractions were seen. 

Endotoxin doubled the fasting contractile fre- 
quency on postendotoxin day 1 when compared to 
baseline values (Table I). Contractile frequency during 
fasting decreased on postendotoxin day 2 and re- 
mained decreased on postendotoxin day 3 when com- 
pared to baseline values. During the fed periods, the 
same trends were seen with contractile frequency af- 
ter endotoxin, but not to the same extent as during 
the fasting period. 

Endotoxin also increased the amplitude of colonic 
contractions, which was reflected in increases in the 
colonic motility index. The fasting motility index was 
increased on postendotoxin day 1 as seen with the fre- 
quency of contractions. Likewise, the motility index 
was decreased on postendotoxin day 2 and remained 
so on postendotoxin day 3. Once again during the fed 
periods, the same trends were seen with the motility 
index after endotoxin, but not to the same extent as 
during the fasting period. 

Endotoxin seemed to have a similar effect on both 
the proximal and distal colon. Compared to the base- 
line studies, the fasting motility index of the proximal 
colon was increased on postendotoxin day 1, whereas 
the contractile frequencies were decreased on both 
postendotoxin days 2 and 3 (Fig. 3). Compared to the 
baseline studies, both the fasting contractile frequen- 
cies and motility indexes were increased during post- 
endotoxin day 1 in the manometric ports situated in 
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Fig. 1. Baseline fasting colonic motility demonstrating the pattern of colonic motor complexes found in 
the healthy state. 

! 

t rain 

Fig. 2. Effect of endotoxin on canine fasting colonic motor activity (postendotoxin day 1). E. coli 
lipopolysaccharide, 200 txg/kg intravenously, results in an increase in both the frequency and strength 
of colonic contractions. Additionally, two giant migrating contractions (arrows) occur beginning at the 
first manometry site and propagating distally to the third manometry site. 
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Table I.  Effect o f  E. coli l ipopolysaccaharide on  fasting and fed colonic moti l i ty  and transi t  

Postendotoxin 

Baseline Day 1 Day 2 Day 3 

Fasting 
Contractions/10 min 12.6 -+ 1.3 25.3 _+ 6.5 6.8 - 1.3" 5.8 -+ 1.0" 
MU10 rain 225 -- 17 730-+254 * 133 -+ 39* 110-+23 * 
T~  (min) 13.3 -+ 2.4 7.5 -+ 1.4" 12.5 -+ 3.2 13.0 -+ 2.8 

Fed 
Contractions/10 rain 9.3 -+ 1.5 14.5 -+ 5.6 5.85 -+ 1.3 5.2 -+ 1.0" 
MI/10 min 152 -+ 25 508 -+ 290 104 -+ 25 80 -+ 17" 
T'A (min) 13.1 -+ 1.7 9.1 -+ 1.7" 11.6 -+ 1.6" 16.7 -+ 3.6 

MI = motility index; TIA = half-time. 
Values are means -+ standard error of the mean; n = 7. 
*P <0.05. 
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contractions 

10 min 

30 

20 

1° 1 
0 

t 

Baseline Day I 

,800 

.600 

• 400 

° °  o 
Day 2 Day 3 

Postendotoxin 

MI 

10 min 

Fig. 3. Effect of E. co//lipopolysaccharide on fasting proximal colonic motility patterns (means -+ SEM; 
n = 7)./VII = motility index. 
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Fig. 4. Effect of E. coli lipopolysaccharide on fasting distal colonic motility patterns (means + SEM; 
n = 7). MI = motility index. 

the distal colon (Fig. 4). In the distal colon there were 
no differences in the frequency of strength of the con- 
tractions during postendotoxin day 2 or 3 when com- 
pared to the baseline studies. 

C o l o n i c  T r a n s i t  

Transit of the liquid marker was rapid during the 
fasting period on postendotoxin day 1 when com- 
pared to the baseline studies (see Table I). During the 
digestive period, colonic liquid transit was rapid on 
both postendotoxin days 1 and 2 when compared to 
the baseline studies. 

D I S C U S S I O N  

Diarrhea is not  an uncommon occurrence in criti- 
cally ill patients. Large studies investigating the com- 
plications of tube feedings in critically ill patients re- 
veal that up to 68% of patients may have diarrhea. 7 
No single variable has been consistently identified as 
causing tube-feeding diarrhea; however, multiple or- 
gan failure and sepsis can be factors associated with 
diarrhea in this setting, s,9 

Our study demonstrates that endotoxemia has pro- 
found effects on colonic motility. Endotoxin increased 
the fasting motili ty index on postendotoxin day 1. 
Fasting motility indexes and contractile activity were 
decreased on postendotoxin days 2 and 3. The  post- 
prandial frequency of contractions and motility in- 
dexes were decreased on postendotoxin day 3. Endo- 
toxin seemed to have similar effects on the proximal 
and distal portions of the colonic Thiry-Vella loop. 
Fasting colonic liquid transit was rapid on postendo- 

toxin day 1, whereas postprandial liquid transit was 
rapid on both postendotoxin days 1 and 2. 

Our study correlates with a number  of other previ- 
ous observations regarding colonic motility and tran- 
sit during diarrheal states. Giant migrating contrac- 
tions have been seen in dogs in response to pharma- 
cologic agents such as neostigmine and guanethidine. 4 
Similarly, in humans, oral administration of diarrhea- 
producing agents induces multiple mass movement  
and giant migrat ing contractions.X°,l 1 Additionally, 
clinical diarrhea due to an excessive number  of giant 
migrating contractions has been reported in ulcera- 
tive and experimental co l i t i s .  12-14 

Postprandial colonic transit continued to be rapid 
during postendotoxin day 2, even though the fre- 
quency of contractions and the motility index were 
decreased from baseline studies. Although contrac- 
tions of the gut propel the ingested food in the caudad 
direction, an increase in frequency, amplitude, or du- 
ration of colonic contractions does not  necessarily 
speed transit. Many reports suggest that motor  activ- 
ity during diarrhea is characterized by a decreased 
amplitude and a decrease in the percentage duration 
of contractile activity and yet a more rapid transit. 15-17 
Thus  the phasic contractions in the normal colon ac- 
tually delay transit, so that when they decrease in 
quantity, the transit becomes faster. The  rapid transit 
seen on postendotoxin day 1 may be attributed to the 
appearance of giant migrating contractions seen on 
that day, whereas the postprandial transit changes 
seen on postendotoxin day 2 may be due to the de- 
crease in phasic activity observed on that day. 

A recent report from our laboratory suggests that 
endotoxin temporarily impairs colonic absorption of 
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water and electrolytes, which may further contribute 
to the diarrhea seen on postendotoxin day 1. is A pre- 
vious s tudy f rom our laboratory also demonstra ted  
that  a single sublethal dose of  endotoxin caused diar- 
rhea on postendotoxin day 1 but  a delay in colonic 
transit of  solids on postendotoxin day 2.6 Once again 
we demonstrated that  the dose of  lipopolysaccharide 
used is diarrheogenic in this canine preparation with 
colonic transit of  liquids being rapid on postendotoxin 
day 1. The re  are, however, major differences in the 
experimental preparation used in the two studies. Our  
present study used a colonic Thiry-Vella loop to study 
both motil i ty and transit, whereas the previous study 
was performed using the intact unprepared colon of  
the dog. 

C O N C L U S I O N  

Endotoxin temporarily speeds liquid transit and in- 
creases both the frequency and amplitude of  colonic 
contractions following a sublethal dose of  endotoxin. 
Endotoxin seemed to have a similar effect on the dis- 
tal colon when compared to the proximal colon. T h e  
frequency and s t rength of  colonic contractions de- 
creased on postendotoxin  day 2. T h e  changes in 
colonic motil i ty and the resulting rapid liquid colonic 
transit may contribute to the diarrhea that occurs dur- 
ing episodes of  sepsis. 

We thank Tony Smith for technical assistance, LuAnn Johnson for 
secretarial assistance, and Michael T. Napierkowski, M.D., for as- 
sistance with the medical graphics. 
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Discussion 
Dr. B. Scbirmer (Charlottesville, N.C.). Your data on 

transit of liquids would suggest that these contractions prob- 
ably are coordinated. Have you done the study looking at 
solid material and have you controlled for the fact that you 
can often appreciate significant contractions in the colon, but 
the actual motility is not propagated in a forward pattern? 

Dr. 37.37. Cu//en. We have not studied propagation in the 
colon. We previously conducted a study, the results of which 
were presented last year, in which we looked at propagation 
in the small intestine, and in that study the normal propa- 

gation from proximal to distal was disrupted in the small in- 
testine. I do not know of a motility program that looks at 
propagation of colonic contractions, so we did not study 
that. We studied transit of solids a number of years ago and 
found that on postendotoxin day 2 the transit of these 
spheres is markedly delayed, but that was in a model where 
the colon was intact and there was no Thiry-Vella loop. 

Dr. 37.A. Bast/alas (Palo Alto, Calif.). What happens to 
these dogs when they are given the endotoxin? Do these 
dogs get diarrhea without their colons? 
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D~. Cullen. They do get diarrhea. With regard to phys- 
iologic parameters, their heart rate increases somewhat, 
they become somewhat tachypneic, and this is only for the 
first couple of hours after they receive the endotoxin. Most 
notably, though, for the first 2 hours they do have wretch- 
ing and some vomiting, so they have to be given the liquid 
meal later. We previously showed that gastric emptying of 
liquids is delayed for 2 days. We have not studied gastric 
emptying of solids, but I suspect the pattern would be the 
same. 

1)!:. y. Pemberton (Rochester, Minn.). It seemed that the 
first day after endotoxin administration the motility index 
and the contractions were increased but your Tv, s were 
shorter; if the hypothesis is that short- and long-term con- 
tractions in the colon delay transit, then how can you re- 
port that result? If indeed this is a mechanism for diarrhea 
in the critically ill patient, besides giving antibiotics, what 
type of therapeutic intervention might have an impact on 
that mechanism? 

Dr. Cullen. We showed a marked increase in giant mi- 
grating contractions, which were never even seen in the 
baseline studies, and I think that's what is driving the rapid 
transit. Then on day 2 we could only look at rough esti- 
mates of the motility index and frequency of contractions, 
and those were both decreased, and I think that resulted in 

the somewhat rapid transit on that day, so I think there are 
two mechanisms involved. As far as employing anything 
other than antibiotics, I am not sure. On day 1 smooth 
muscle relaxation would be beneficial. Other than that I am 
not quite sure. We have looked at a number of mediators in 
smooth muscle neural transmission, including nitric oxide 
and vasoactive intestinal peptide, and we have not shown 
an increase of these mediators in the colon as we have 
shown in the jejunum of dogs. 

Dr. L. Anestidou (Houston, Tex.). How long did you 
record? 

Dr. Cullen. The motility tracings go for about 6 hours. 
Dr. D. Dempsey (Philadelphia, Pa.). Is there a species 

difference? 
Dr. Cullen. In the small bowel of dogs, endotoxin causes 

rapid jejunal transit and a definite change in the propaga- 
tion of jejunal contractions. In the rat, rapid transit is also 
seen in the jejunum, which is associated with the produc- 
tion of nitric oxide. We have not studied colonic motility 
in the rat, but I suspect it would be similar to that in the 
dog. A number of groups studying diarrhea and changes in 
motility, as mentioned previously, have shown similar con- 
tractile frequency and activity in dogs and in humans, as far 
as experimental colitis and ulcerative colitis are concerned. 


