
Consensus Statement 

Management of Barrett's Esophagus 
The SSAT, AGA, ASGE Consensus Panel* 

Questions Addressed by the Consensus Panel 
1. What is the pathologic classification of Barrett's esoph- 

agus and what are the prognostic implications of this 
categorization? 

2. V~hat is the natural clinical and pathologic history of un- 
treated Barretr's esophagus? 

3. X~a t  is the appropriate surveillance of patients with 
Barrett's esophagus? 

4. X.Vhat is the effect of treatment of Barrett's esopha- 
gus, both in terms of reversing eydsting Barrett's esoph- 
agus and preventing the development of esophageal 
carcinoma? 

Antiacid and antireflux medical therapy 
Antireflux surgeD" 
Nonsurgical ablative treatment 

Laser/electrocoagulation ablation 
Photod.~aaamic therapy 

Surgical resection 
5. X~qaat new areas of clinical investigation should be em- 

phasized in the future? 

General S u m m a r y  

1. Barrett's esophagus is defined by the presence of en- 
doscopically visible columnar epithelium within the 
esophagus, which on biopsy has metaplastic columnar 
epithelium, as defined by the presence of acid mucin- 
containing goblet cells. 

2. Barrett's esophagus is initiated by chronic gastroesoph- 
ageal reflux, whmh leads to esophagitis. Some patients 
with reflux-induced esophagitis develop metaplastic 
columnar epithelium within the esophagus, and a small 
subset of these patients develops dysplasia, a precursor of 
adenocarcinoma. The overall risk of developing adeno- 
carcinoma is low in patients without dysplasia. 

3. A standardized endoscopic surveillance protocol, to in- 
clude periodic examinations with biopsies of columnar ep- 
ithelium in patients with Barrett's esophagus, allows the 
physician to diagnose cancer at an earl}; and thus a po- 

tentially more curable, stage while averting an esophagec- 
tomy in most patients. The frequency of endoscopic sur- 
veillance is determined by the severity of dysplasia. Data 
are insufficient for a consensus regarding the precise pro- 
tocol or frequency of endoscopic surveillance. 

4. Proton pump inhibitors and antireflux surge D, are highly 
effective in controlling the s}~nptoms of gastroesophageal 
reflux disease (GERD) and healing the esophagitis in pa- 
tients ~ t h  Barrett's esophagus, but veD - few published data 
suggest the efficacy of any treatment in inducing the re- 
gression of the established metaplastic epithelium or pre- 
venting the pro~ession from metaplasia to malignan~ ~. 

5. When surveillance identifies cancer, the patient should be 
offered an esophagectomy. Those with no dysplasia 
should continue periodic surveillance. Patients with low- 
grade dysplasia should have more frequent surveillance. 
Those who have high-grade dysplasia are at substantial 
risk for harboring an invasive carcinoma and should be 
considered for esophagectomy. At present, data are insuf- 
ficient to provide a consensus as to the magnitude of the 
risk of carcinoma associated with high-grade dysplasia. 

6. The role of endoscopic ablative therapies in patients 
with Barrett's esophagus and the impact of these thera- 
pies on reversal of metaplasia and the subsequent devel- 
opment of adenocarcinoma is investigational and should 
be employed exclusively as part of a formal clinical trial. 

Diagnosis and Natural History 

In Barrett's esophagus, the stratified squamous ep- 
ithelium that normally lines the distal esophagus is re- 
placed by a metaplastic intestinal-type (columnar) ep- 
ithelium, as defined microscopically by the presence 
of acid mucin-containing goblet cells. Biopsy speci- 
mens taken to search for dysplasia can be graded as 
negative or indefinite for dysplasia, or as containing 
low-grade or high-grade dysplasia. The  detection of  
dysplasia in biopsy specimens identifies patents  at risk 
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for developing adenocarcinoma of the esophagus and 
who therefore need either more intensive endoscopic 
biopsy surveillance and/or some form of therapeutic 
intervention. 

Barrett's esophagus develops when the reflux of 
noxious gastric material injures esophageal squamous 
cells and stimulates epithelial repair associated with 
replacement by columnar metaplasia. Mthough it is 
clear that modern antireflux therapies are highly ef- 
fective for controlling GERD s~Inptoms in patients 
with Barrett's esophagus, data are insufficient to es- 
tablish the efficacy of any form of GERD treatment, 
including antireflux surgery, in preventing the devel- 
opment of GERD complications such as esophageal 
stricture, preventing the developing of more meta- 
plastic epithelium, inducing the regression of the 
metaplastic epithelium already present, or preventing 
the progression from metaplasia to malignancy. 

Surveillance 

The rationale for su~,eillance in patients with Bar- 
rett's esophagus is that frequent endoscopic examina- 
tions with biopsies of columnar epithelium will allow 
the physician to diagnose cancer at an early and po- 
tentially curable stage in the small proportion of pa- 
tients in whom it develops, while avoiding esophagee- 
tomy in most patients. The frequency of surveillance 
is influenced by the degree of dysplasia present. De- 
tailed information about endoscopic findings should 
be recorded and the mucosal abnormalities correlated 
with the final pathologic diagnosis. Biopsies should be 
carried out in all four quadrants at specific longitudi- 
nal intervals (1 or 2 cm), as well as in all areas that are 
irregular or friable within the Barrett's epithelium. 
Several studies have emphasized the importance of 
appropriate and systematic mapping and the predic- 
tive value of an irregular mucosa, as well as the nega- 
tive predictive value of a perfectly flat mucosa with- 
out any grossly visible abnormality. Brush cytology 
appears useful as an adjunctive diagnostic tool. Endo- 
scopic examination during and after therapy allows 
for assessment of healing and possible regression of 
metaplasia. Data are insufficient to define the precise 
timing or biopsy protocol for surveillance. 

Therapy 

Treatment of severe GERD involves aggressive 
acid suppression through the administration of pro- 
ton pump inhibitors, sometimes supplemented with 
H2 receptor antagonists, as well as antireflux surgery. 
The evidence that elimination of acid reflux reduces 
the cancer risk in Barrett's esophagus is indirect and 
inconclusive. 

Treatment should be based on a consideration of 
morbidity and mortality of esophagectomy versus the 
risk of ignoring a potentially curable esophageal can- 
cer. A pathologist who is experienced with Barrett's 
esophagus, who reviews the biopsies, and correlates 
the histologic findings with endoscopic findings, 
should confirm the diagnosis of dysplasia. Patients 
with no dysplasia or low-grade dysplasia should con- 
tinue with sum-eillance. Patients with a diagnosis of 
cancer should be offered an esophagectomy by an ex- 
perienced surgeon who works in a center that per- 
forms a high volume of esophagectomies. Those pa- 
tients who have high-grade dysplasia should be con- 
sidered for esophagectomy after being engaged in a 
discussion that includes the significance of the endo- 
scopic findings, their overall state of health, their age, 
and the ris~ associated with esophagectomy. The role 
of ablation therapy including photodynamic therapy, 
argon plasma coagulation therapy, and multipolar 
electrocoagulation therapy in patients with Barrett's 
esophagus and their impact on reversal of metaplasia 
and the subsequent development of adenocarcinoma 
requires further study, and their use should be limited 
to formal clinical trials. 

Areas for Future Clinical Investigation 

Future clinical trials should be planned with an in- 
tent-to-treat design. The following issues should be 
addressed: (1) \Vhat is the natural history of Barrett's 
esophagus, and (2) what is the long-term outcome of 
patients treated with medical antireflux therapy, an- 
tire flux surgers. ~ and/or endoscopic ablative therapies? 
Finally, the establishment of specific biologic and clin- 
ical criteria for identi~dng patients with Barrett's 
esophagus at high risk for developing adenocarcinoma 
is urgently needed. 
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Pathology of Barrett's Esophagus 
Rodger C. HaKgitt, 3LD. 

D E F I N I T I O N  

The  Practice Parameters Committee of the Amer- 
ican College of Gastroenterolo~ has recently defined 
Barrett's esophagus as the presence of endoscopically 
visible colunmar epithelium within the esophagus, 
which on biopsy is confirmed to have intestinal meta- 
plasia, l Intestinal metaplasia is defined by the pres- 
ence of acid mucin-containing (~cian blue-positive) 
goblet cells and will be referred to simply as "meta- 
plasia" in the tbllowing discussion. The  rationale for 
requiring metaplastic colmnnar epithelium for the di- 
agnosis of Barrett's esophagus is that as many as half 
of all biopsies from the distal esophagus will contain 
gastric fundic or cardiac-type mueosa because of a 
squamoeolunmar junction (Z-line) that is irregular, 
producing "tongues" of columnar epithelium extend- 
ing into the esophagus, or which lies entirely within 
the distal esophagus.-" In either case, the columnar ep- 
ithelium does not normally extend more than 2 cm 
into the esophagus..Mmost all colunmar epithelium 
extending above the distal 2 cm of the esophagus is 
metaplastic. Occasionally only a few goblet cells may 
be present in metaplastic epithelium, making it appear 
not to be metaplastic unless an Mcian blue stain is 
used to identi~ ~ the goblet cells. Only metaplastic 
columnar epithelium has been associated with an in- 
creased risk of esophageal adenocarcinoma; therefore 
the diagnosis of garrett 's esophagus should be re- 
stricted to patients in whom it is present. 3 Authorities 
on the diagnosis of Barrett's esophagus in children 
recommend applying the same criteria for the diag- 
nosis in them as are used in adults? 

Not  all cells with a goblet configuration are meta- 
plastic, as defined by* the presence of acid nmcin. Gas- 
tric surface (foveolar) cells may become distended and 
assume a goblet configuration Cpseudogoblet" cells), 
but they do not contain acid mucin and are therefore 
Alcian ~)lue nega t ive / .Mthough  pseudogoblet  cells 
can usually be recognized on routine hematoxwlin and 
eosin staining, they may occasionally be difficult to 
differentiate from true goblet cells. VChen there is 
doubt  about the nature of goblet-shaped cells, an 
Acian blue stain should be applied. 

Not  all Alcian blue-positive cells are metaplastic. 
Alcian blue-positive mucin occurs normally in the 
gastric mucous neck cells, the stem cells of the gastric 
mucosa. \Vith injury, as in reflux disease or Helicobacter 
infection, these stem cells proliferate and may move 
onto the surf:ace of the mucosa. ~adthough some inves- 
tigators believe this represents "pre-Barrett's" esoph- 
agus, 2 it is such a common finding that it cannot be 
used to stratify patients into risk categories for the de- 
velopment of adenocarcinoma. 

In patients in whom no endoscopically visible seg- 
ment or "tongue" of columnar epithelium is visible in 
the esophagus, the significance of a few metaplastic 
glands on biopsy is unknown, and it therefore seems 
appropriate to avoid using term "Barrett's" esophagus 
for this finding, a The  significance of this intestinal 
metaplasia at the gastroesophageal junction is cur- 
rently an area of controversy and the subject of much 
research. <: One school of thought  suggests that it is 
due to gastroesophageal reflux and is related to Bar- 
rett's esophagus, s whereas another suggests that it is 
related to Helicobacter pylori infection of the stomach2 

NEOPLASTIC PROGRESSION 
IN BARRETT'S ESOPHAGUS 

Neoplastic progression in Barrett's esophagus is 
initiated by chronic gastroesophageal reflux, which 
leads to esophagitis. A subset of patients with reflux- 
induced esophagitis develops metaplastic columnar 
epithelimn within the esophagus, and a subset of these 
patients develops dysplasia, a precursor of adenocar- 
cinoma/,l° Dysplasia is defined as neoplastic epithe- 
lium that is still confined within the basement mem- 
brane of the gland or epithelial surface within which it 
arose. Biopsy specimens taken to search for dysplasia 
can be graded as negative or indefinite for dysplasia, 
or as containing low-grade or high-grade dysplasia/ 
Molecular genetic studies of dysplastic epithelium re- 
veal clonal abnormalities that are identical to those 
found in the cancers that may accompany it, confirm- 
ing that the cancers arose from the dysplastic epithe- 
lium. The  detection of dysplasia in biopsy specimens 
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identifies patients at higher risk for developing ade- 
nocarcinoma of  the esophagus, and who therefore 
need either intensive endoscopic biopsy surveillance 
or some form of therapeutic intervention. Not  all pa- 
tients with high-grade dysplasia in Barrett's esopha- 
gus will develop cancer, l i.i_, Studies in which patients 
with high-grade dysplasia remain under close endo- 
scopic surveillance indicate that fewer than half de- 
velop adenocarcinoma during follow-up of about 
4 years, and in those who did develop cancer, an aver- 
age of 5 years was required to do so) 2 

ever, have apparent complete regression of high-grade 
dysplasia with control of reflux, l 1,12 

Brush cytoloD£ could theoretically play a role in 
the management of patients with Barrett's esophagus; 
however, one study found that it was not as sensitive 
or specific as histologic examination in detecting Bar- 
rett's metaplastic epithelium.IS Mthough brush cytol- 
ogy was thought to be useful in detecting dysplasia in 
one study, |5 another found that its addition to histo- 
logic examination increased the cost but not the di- 
agnostic yield for dysplasia or cancer.16 

P R O B L E M S  W I T H  T H E  USE 
OF DYSPLASIA AS A N  I N D E X  
OF C A N C E R  RISK I N  BARRETT'S  
E S O P H A G U S  

Sampling error is perhaps the most  significant 
problem in the detection of dysplasia because it may 
be localized to small areas of mucosa when it first de- 
velops. Thus, in order to detect dysplasia if'it is pres- 
ent, four-quadrant biopsies at intervals of 2 cm or less 
throughout the length of the Barrett's segment, and 
additional biopsies of any endoscopically visible ab- 
normalities, are recommended.  13 In patients with 
high-grade dysplasia who are going to continue to un- 
dergo periodic endoscopic surveillance, the interval 
between the four-quadrant biopsies should be reduced 
to 1 cm to provide the best chance of detecting small 
foci of early cancer when they develop, l~ 

Inflammation that may be present within the Bar- 
rett's epithelium can produce reactive changes that are 
difficult to distinguish from dysplasia. ~ For this reason 
it is appropriate for the patient to have received med- 
ical therapy, usually in the form of a proton pump in- 
hibitor, in an attempt to reduce the inflammation prior 
to further endoscopic biopsy surveillance for dysplasia. 

The  histologic diagnosis of dysplasia in Barrett's 
esophagus is a subjective interpretation and there is, 
therefore, some variation in the diagnosis and grad- 
ing of dysplasia among different pathologists. 14 For 
this reason the diagnosis of high-grade dysplasia 
should be confirmed by a second pathologist experi- 
enced in its diagnosis before definitive therapeutic 
measures are implemented. 

The  natural history, of dysplasia in Barrett's esoph- 
agus has not been well established in long-term 
prospective follow-up studies. However, as indicated 
earlier, it appears that up to 50% of patients with 
high-grade dysplasia who are continued on endo- 
scopic surveillance do not develop invasive carcinoma 
after several years of follow-up. ~ 1.12 In a few patients 
high-grade dysplasia may disappear. In most of these 
the disappearance is only apparent because of sam- 
pling error, and the dysplasia will be identified on sub- 
sequent biopsies. A small percentage of patients, how- 
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Medical Treatment of Barrett's Esophagus 
Stuart JoJ~ Spechlel; 3I.D. 

In Barrett's esophagus, the stratified squamous ep- 
ithelium that normally lines the distal esophagus is re- 
placed by a metaplastic intestinal-type epithelium. 
This condition is judged to develop when the reflux of 
noxious gastric material injures esophageal squamous 
cells while simultaneously stimulating epithelial re- 
pair through columnar metaplasia. 1 The  metaplastic 
columnar cells have a malignant predisposition, and 
Barrett's esophagms with specialized intestinal meta- 
plasia is a major risk factor for esophageal adenocar- 
cinoma. 2 The  precise factors that induce the transi- 
tion from metaplasia to malignancy are not known, 
but circumstantial evidence suggests that gastro- 
esophageal reflux disease (GERD) may play a role in 
this process as well. Consequently, aggressive treat- 
ment  of GERD has been prescribed for patients with 
Barrett's esophagus with the following goals: (1) to 
control GERD symptoms, (2) to prevent the devel- 
opment  of GERD complications such as esophageal 
stricture; (3) to prevent the development  of more 
metaplastic epithelium, (4) to induce the regression 
of the metaplastic epithelium already present, and (5) 
to prevent the progression from metaplasia to malig- 
nancy. Mthough  it is clear that modern  antireflux 
therapies are highly effective in controlling the s)1np- 
toms of GERD in patients with Barrett's esophagus, 3 
veD~ few published data support  the efficacy of any 
G E R D  treatment  in accomplishing the latter four 
goals. 

The  mainstay of modern  medical therapy for se- 
vere GERD is aggressive suppression of gastric acid 
through the administration of proton pump inhibitors 
(PPIs). 4 The  profound acid suppression that can be 
achieved with the use of these agents has raised theo- 
retical concerns regarding their long- term safet3.U 
Protracted acid suppression can elevate the serum 
level of gastrin, a hormone that has trophic effects on 
the stomach and colon, and might result in bacterial 
overgrowth in the stomach and proximal small intes- 
tine. These effects conceivably could contribute to 

carcinogenesis. Furthermore, some data suggest that 
sustained acid suppression with PPIs might hasten the 
development of gastric atrophy in patients who are in- 
fected with Helicobacter pylori, 6 and that chronic PPI 
therapy might interfere with vitamin B12 absorption. 7 
Despite these theoretical concerns, there are no re- 
ports of tumors or nutritional deficiencies clearly at- 
tributable to the use of PPIs after more than a decade 
of extensive clinical experience with these agents )  
Some clinicians prescribe the combination of a PPI 
and a prokinetic agent (e.g., cisapride) for patients 
with severe GERD, but few data either strongly sup- 
port or clearly refute this practice. In a large study 
that compared a number of maintenance therapies for 
patients with reflux esophagitis, 80% of those treated 
with omeprazole alone (20 mg eveDT day) remained in 
remission at 1 year compared to 89% of patients 
treated with the combination of omeprazole (20 mg 
ever}., day) and cisapride (10 mg three times a day). ~ 
However, the apparent difference in remission rates 
between these two groups was not statistically signif- 
icant. Some clinicians add prokinetic agents to PPIs 
only for patients who have prominent  symptoms that 
suggest dysmotility such as regurgitation, nausea, and 
bloating. Even in these patients, few published data 
establish that this combination therapy is superior to 
PPI therapy alone. It remains unclear whether  the 
benefits ofprokinetic agents outweigh their added ex- 
pense, inconvenience, and risk for patients who are 
treated with PPIs. 

.~  mentioned, one of the goals of medical therapy 
for GERD is to prevent the development of compli- 
cations such as esophageal stricture. For patients with 
established peptic esophageal strictures, PPI therapy 
both improves dysphagia and decreases the need for 
subsequent esophageal dilations2 ,m Few reports have 
documented the development of peptic strictures in 
patients known to have uncomplicated GERD, how- 
ever, and no study has established that medical ther- 
apy prevents the formation of these strictures) ~ 
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Severe GERD is a chronic and often unrelenting 
condition and, until recently, authorities assumed that 
Barrett's esophagus progressed in extent with time as 
more and more columnar mucosa replaced reflux- 
damaged squamous epithelium. A report by Cameron 
and Lomboy 12 seriously challenged this widely held 
assumption, however. A review of the records of 
51,311 patients who had endoscopic examinations at 
the Mayo Clinic between 1976 and 1989 (before the 
advent of PPIs) revealed 377 cases of benign Barrett's 
esophagus. The  prevalence of the disorder was found 
to increase from 0% in patients 0 to 9 years of age to 
a maximum of 0.9% in patients 80 to 89 ),ears of age. 
Unlike the age-related rise in prevalence, however, the 
length of esophagus lined by Barrett's epithelium did 
not increase significantly with age. Furthermore, no 
progression in extent of Barrett's esophagus was found 
among 101 patients who had follow-up endoscopic ex- 
aminations performed after a mean interval of 3.2 
years. This report and others suggest that established 
esophageal metaplasia usually does not progress sub- 
stantially with time, even in the absence of PPI ther- 
ap.~: I~ Thus there is little support for the notion that 
aggressive antireflux therapy is needed to prevent the 
progression in extent of Barrett's esophagus. 

Metaplasia is a potentially reversible process if the 
responsible pathogenetic factors can be controlled. 
UnfortunatelL control of GERD (the ["actor respon- 
sible for metaplasia in Barrett's esophagus) rarely, if 
ever, results in the complete reversal of the metaplas- 
tic epithelium.14 Partial regression of Barrett's esoph- 
agus (with the appearance of islands of squamous ep- 
ithelium within the metaplastic columnar lining) is 
observed frequently in patients treated with PPIs, but 
the importance of this phenomenon is not known. 14 
In a prospective study, Sharma et al. l~ obtained 39 
biopsy specimens from squamous islands in 22 pa- 
tients with Barrett's esophagus, most of whom had 
been treated with PPIs. Intestinal metaplasia under- 
lying squamous epithelium was found in 15 (39%) of 
the 39 specimens, suggesting that the partial regres- 
sion of metaplasia induced by PPI therapy might have 
little effect in decreasing the cancer risk. 

The  notion that control of acid reflux prevents the 
progression from metaplasia to malignan W in Barrett's 
esophagus is based on circumstantial evidence and 
conjecture. GERD appears to cause Barrett's esopha- 
gus, and GERD is clearly a strong risk factor for 
esophageal adenocarcinoma. ~6 However, it is not clear 
whether GERD predisposes to malignancy by causing 
the initial metaplasia, by promot ing  the transition 
from metaplasia to neoplasia, or both. Chronic reflux 
esophagitis might be expected to predispose to cancer 
by increasing the turnover and proliferation of meta- 
plastic epithelial cells, and few would argue that an- 

tireflLLX therapy is indicated for the treatment of reflux 
esophagitis. However, no study has established that the 
healing of reflux esophagitis with antireflttx therapy re- 
duces the risk of cancer in Barrett's esophagus. 

Fitzgerald et al. ~: have demonstrated that biopsy 
specimens of Barrett's esophagus maintained in organ 
culture exhibit cellular hH0erproliferation when ex- 
posed to short pulses (1 hour  in duration) of acid, 
whereas continuous acid exposure blocks cellular pro- 
liferation. These findings suggest that the short pulses 
of esophageal acid exposure that occur frequently in 
patients with Barrett's esophagus might induce cellu- 
lar hyperproliferation and thereby promote carcino- 
genesis. Conventional PPI therapy for GERD does 
not eliminate brief episodes of acid reflux in most  
patients. Indeed, Castell et al. j8 have shown that ap- 
proximately 70% of individuals (normal subjects as 
well as patients with GERD and Barrett's esophagus) 
who are treated with a PPI m-ice a day experience 
nocturnal gastric acid breakthrough (defined as a gas- 
tric pH <4 for more than 1 hour at night), and that 
brief episodes of acid reflux occur frequently during 
these breakthrough periods.l°.-'° Furthermore,  pa- 
tients with Barrett's esophagus often exhibit patho- 
logic levels of acid reflux, even during therapy with 
PPIs in doses that completely eliminate the s.~nptoms 
and signs of GERD. el,2e Clearly, conventional med- 
ical therapy tbr GERD does not abolish acid reflux in 
most patients with Barrett's esophagus. 

Nocturnal acid breakthrough can be eliminated in 
most patients on PPI therapy by the addition of a his- 
tamine He-receptor blocker at bedtime, e~ Thus, with 
polypharmacy that includes PPIs in high doses, it is 
possible to abolish acid reflux in patients with Barrett's 
esophagus. I do not recommend this approach at this 
time for the following reasons: (I) Perfect control of 
acid reflux clearly is not necessa D" to effect the healing 
of reflux esophagitis. Indeed, elimination of the symp- 
toms and signs of GERD can be achieved in most pa- 
tients who are treated with a PPI taken at a conven- 
tional dosage only once each day. I* (2) The  evidence 
to support  the notion that complete elimination of 
acid reflux reduces the risk of cancer in Barrett's 
esophagus is indirect and weak at best. It may not be 
appropriate to extrapolate the results of stut~ies per- 
fbrmed in the artificial environment of organ culture 
to the clinical situation. Furthermore,  some experi- 
mental data even suggest that elimination of acid re- 
flux may not be desirable. In an experimental model 
of esophageal adenocarcinoma involving rats treated 
with a carcinogen, for example, exposure of the 
esophagus to gastric juice protected against the devel- 
opment  of cancer. 24 (3) Complete elimination of acid 
reflux would entail considerable inconvenience and 
expense, because of both the high doses of the multi- 
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pie medications required and the esophageal pH 
monitoring studies necessa W to document the efficacy 
of therapy in controlling acid reflux. Presentl.~, I feel 
that the available data only support the administra- 
tion of medications in dosages that will eliminate the 
s)Inptoms and endoscopic signs of GERD for patients 
with Barrett's esophagus. The general guidelines es- 
tablished for the medical treatment of GERD 4,2s are 
applicable, irrespective of the presence of Barrett's 
esophagus. 
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Reversal of Barrett's Esophagus With 
Electrocoagulation and Laser 
Richard E. Sampline~; M.D. 

Contemporar T medical and surgical therapies are 
successful in controlling the reflux symptoms and 
healing erosions in patients with Barrett's esophagus. 
However, complete reversal of Barrett's esophagus 
with these therapies in an effort to eliminate the po- 
tential for the development of adenocarcinoma is dis- 
tinctly unusual. Many endoscopic modalities have 
been used in an effort to reverse Barrett's esophagus. 
All have been combined with acid reduction with 
pharmacologic therapy or fundoplication. 

E L E C T R O C O A G U L A T I O N  

"Fable I Fists the series of patients in whom reversal 
of Barrett's esopha~s  was achieved with multipolar 
electrocoagulation. The series range from no residual 
intestinal metaplasia, ",3 to isolated glands of intestinal 
metaplasia underlying new squamous epithelimn, l to 
1 to 2 cm of residual macroscopic Barrett's esopha- 
gus. 4 . ~  average of 1.6 to 3.7 treatment sessions were 
necessary to reverse the Barrett's esophagus. Transient 
odynophagia, dysphagia, and chest pain were the most 
common side effects. One patient had recurrence of a 
prior stricture. 

LASER 

Table II lists the series in which different forms of 
laser enerD, were used. Berenson et al. 6 conducted a 
model study in which 0.25 to 4 cm: areas were treated 
with argon laser. Squamous reepithelialization oc- 
curred in 93% of areas with three squamous borders 
compared to 29% with one squamous border, sug- 
gesting spread from contiguous squamous epithelimn. 
Nd:YAG laser after fundoplication reversed Barrett's 
esophagus in 11 patients; interestingly, two patients 
had gastric intestinal metaplasia--it  is not clear 
whether this was present prior to therapy, r Potassium- 
titanyl-phosphate (KTP) laser has been used with 

yawing results. 9,~° Barham et al. ° demonstrated a 
unique pattern of squamous epithelium within Bar- 
rett's glands as well as intestinal metaplasia underlying 
new squamous epithelium, Transient mild retroster- 
nal pain was reported in these series. 

Fig. 1 suggests the theoretical depth of inju D" using 
different endoscopic reversal techniques. Techniques 
with deeper injury also have the potential for more se- 
vere complications such as esophageal strictures. In the 
series of electrocoagulation and laser therapy listed in 
Tables I and II, no perforations were reported. Deeper 
injun£ might prove to be appropriate for a patient with 
high-grade dysplasia who might have intramucosal 
cancer that was not detected by endoscopic biopsy 

ISSUES T O  BE D E F I N E D  

The level of acid suppression necessary for reversal 
of" Barrett's esophagus is not clear. Some series report 
reversal with persisting abnormal esophageal pH acid 
exposure, 5 whereas others report the need to increase 
the dose of proton pump inhibitor to achieve reversal 
or recurrence of" Barrett's esophagus with discontinu- 
ation of medication. 

Technical advances in the probes or the adminis- 
tration of ener~,  would theoretically lead to reversal 
in fewer treatment sessions and more even depth of 
inju W so as to avoid residual underlying intestinal 
metaplasia. Ultimately; the critical issue is the impact 
of reversal on the incidence of adenocarcinoma. 

E X P E R I M E N T A L  N A T U R E  
O F  B A R R E T T ' S  E S O P H A G U S  R E V E R S A L  

Ultimately, reversal techniques have to be indepen- 
dently validated. Efficac}; safer), and duration of re- 
versal have to be documented. Validation of biologic 
markers to define the risk of adenocarcinoma is im- 
portant for selection of candidates for reversal therapy 
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Argon laser 

KTP laser MPEC 

APC Heater probe 

Nd:YAG laser 

PDT with porfimer Na 

PDT with 5ALA 

Fig. 1. Theoretic depth of ablation. MPEC = mulnpolar electrocoagulation; APC = argon plasma 
coagulation; PDT = photodynamm therapy; 5-ALA = 5-aminolevuhnic acid. 

Table I. Electrocoagulation reversal 

No. of Mean Residual 
Reference patients follow-up (mo) intestinal metaplasia 

1 11 24 3 
2 14 19.3 0 
3 8 12 0 
4 21 12 
5 27 4.5 5 
6 54 Post therapy 5 

Table II. Laser reversal 

No. of Mean Residual 
Reference Laser patients follow-up (mo) intestinal metaplasia 

7 .~gon 10 (40 areas) N/A 17 
8 Nd:~L~_G 11 26 2 gastric cardla 
9 Nd :'t\&G 19 3 9 

10 KTP 13 3-18 11/9 
11 KPT 10 11 0 

The development of an index of demographic, endo- 
scopic, histologic, and biologic characteristics identi- 
fi/ing the highest risk patients for the development of 
cancer would facilitate clinical application. 
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Antireflux Surgery in the Management 
of Barrett's Esophagus 
Toln R. De~lIeesteJ; 3LD. 

Barrett's esophagus is a complication of gastro- 
esophageal reflux disease characterized by the pres- 
ence of intestinal metaplasia in an esophagus lined by 
cardiac-t3,~e mucosa; alternatively it is described as a 
columnar-lined esophagus with intestinal metaplasia 
or Barrett's mucosa. The clinical significance of this 
finding is that it confers a greater than 30 to 125-fold 
risk of progression to esophageal adenocarcinoma, 
which emerges at a rate of about one to two cancers 
per 100 patient-years of follow-up. ~-~ 

It was previously thought that Barrett's esophagus 
developed quickly to its full extent, with little subse- 
quent increase in l eng th )  This was based on data 
from patients with only long segments of Barrett's 
mucosa within the tubular esophagus (i.e., >3 cm). It 
is now accepted that intestinal metaplasia occurs in 
segments of cardiac-tTpe nmcosa that are less than 3 
cm in length and that intestinal metaplasia can even 
occur in extremely small segments of cardiac-tTpe 
mucosa located just below the squamous epithelium 
of an endoscopically normal-appearing gastroesopha- 
geal junction, s-- 

It has been shown that the presence of cardiac-t3,~e 
mucosa at the gastroesophageal junction is ahnost al- 
ways associated with an inflammatory infiltrate and 
increased esophageal acid exposure on 24-hour 
esophageal pH monitoring.: Consequently this find- 
ing is referred to as carditis and is one of the early 
signs of gastroesophageal reflux disease. The length 
of the inflamed cardiac-b~pe mucosa has been shown 
to be related to the degree of esophageal acid expo- 
sure, the level of lower esophageal sphincter pressure, 
and the length of the sphincter exposed to the ab- 
dominal pressure environmentY It is now "known that 
the segments of cardiac-tTpe mucosa can show in- 
testinal metaplasia on biopsy and that the prevalence 
of this finding is directly related to the length of the 
segmentY On the basis of these studies, it is hypothe- 
sized that Barrett's esophagus spreads progressively 

upward in a stepwise fashion. Initiall); short segments 
of inflamed cardiac-t313e mucosa develop below an en- 
doscopically normal-appearing gastroesophageal 
junction. The inflammation causes a loss in the pres- 
sure and length of the lower esophageal sphincter re- 
suiting in greater esophageal acid exposure with ex- 
tension of inflamed cardiac-type mucosa into the dis- 
tal 3 cm of the esophaNls. Uiqth further loss of sphinc- 
ter pressure and length, the process extends higher 
into the esophageal body. ~.~qth time and under proper 
conditions, intestinalization of the cardiac mucosa can 
occur with a prevalence that is related to the duration 
and functional severit T of the disease. It is the occur- 
rence of intestinalization that is associated with a can- 
cer risk and is required for the diagnosis of Barrett's 
esophagus. Understanding the disease in this way has 
strong implications regarding its therapy 

Based on the preceding information, there are 
three goals in the management of Barrett's esophagus: 
(1) prevent the development of the metaplastic ep- 
ithelium by stopping reflux early in the disease 
process; (2) promote or induce healing or regression 
of the metaplastic epithelium such that the cancer risk 
mucosal change (intestinal metaplasia) is eliminated; 
and (3) induce a quiescence of the intestinalized meta- 
plastic epithelium and halt its progression to dysplasia 
and cancer. The goal of therapy for Barrett's esopha- 
gus according to the American College of Gastroen- 
teroloD ~ is to "control the symptoms of gastroesoph- 
ageal refux disease." The College states that "symp- 
tom relief is an appropriate end point for the therapy 
of Barrett's esophagus. '''~ This approach has been 
shown to be ineffective in that the eradication of 
symptoms cannot be equated with elimination of re- 
flux, nor has it been able to reliably achieve the second 
and third management goals. ~°-~4 

In a study by Hameeteman et al. i from The Nether- 
lands, 50 patients with a columnar-lined esophagus 
were treated medically and followed front 1.5 to 14 
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years (mean 5.2 years). Of  these 50 patients, initially 
only 34 had intestinal metaplasia on biopsy of the 
colunmar mucosa. At the completion of the stud), 37 
patients had intestinal metaplasia, suggesting that three 
patients developed the cancer risk epithelium during 
the 5-),ear study period. In addition, at the start of the 
stud B six patients had low-~ade dysplasia and one pa- 
tient had high-grade dysplasia. By the end of the 5-year 
study period, 10 patients had low-~ade dysplasia, three 
had high-grade dysplasia, and five had adenocarci- 
noma. 1 Similarl), Sharma et al. Is followed 32 medically 
treated patients with short-segment Barrett's esopha- 
gus (mean length 1.5 cm) for a mean of 36.9 months 
and found a 5.7% annual incidence of progression to 
dysplasia. During the 98 patient-years of follow-up in 
their series, two patients developed high-grade dys- 
plasia, and one of these patients had progression to 
cancer. Recall that the expected rate of cancer is 1 per 
100 patient-years of follow-up. All patients in the study 
by Sharma et al. were treated with omeprazole, tahiti- 
dine, and/or promotility agents. These investigators 
commented  that most patients developed dysplasia 
while on acid suppression medication, and the)" con- 
cluded that medical treannent does not prevent the de- 
velopment of dysplasia. 

Recently Lagergren et al. I:' reported that the risk 
of esophageal adenocarcinoma was increased nearly 
eightfold among persons in whom heartburn, regur- 
gitation, or both occurred at least once a week com- 
pared to persons without these symptoms. Of  interest, 
they noted that the risk of esophageal adenocarci- 
noma was three times higher among patients who 
used medication to relieve the symptoms of reflux 
compared to those who did not take any antireflux 
medication. 

Does Antireflux Surgery Prevent 
the Development of Barrett's Esophagus? 

Since Barrett's esophagus is associated with gas- 
troesophageal reflux disease, it would seem logical 
that stopping reflux by means of a surgical fundopli- 
cation should effectively prevent the development of 

Barrett's esophagus in patients who have gastro- 
esophageal reflux without Barrett's esophagus. An- 
tireflux surgery has been shown to restore lower 
esophageal sphincter function and abolish reflux of 
gastric contents, acid or bile, into the esophagus . :  
Consequently an antireflux operation ends the repet- 
itive injury to the esophageal mucosa. Randomized 
clinical studies have confirmed superior control of re- 
flux following antireflux surgery." compared to med- 
ical therapy, and have shown the surgical antireflux 
procedure to be safe and durable, l ~.l~ _,0 Furthermore, 
recent advances in minimally invasive surgical tech- 
nology have shown that the procedure can be per- 
formed laparoscopically with the same outcome, less 
morbidity, a shorter hospital stay, and a more rapid 
complete recovery. 2 I-2 

Very few authors have recorded the presence of 
Barrett's metaplasia following antireflux surge D" when 
it was absent preoperatively. The  long-term study of 
Luostarinen et al. -'4 managed to perform endoscopy 
20 years after Nissen fundoplication in 21 patients. In 
15 the fundoplication appeared to be intact, and in six 
it appeared to be defective. Two of the 15 with intact 
fundoplications were found to have Barrett's esopha- 
gus on long-term follow-up, but the authors admit 
that these two patients did not have preoperative 
biopsies, and hence it cannot be concluded that Bar- 
rett's esophagus developed (Table I). In contrast, five 
of the six patients with defective fundoplications de- 
veloped Barrett's esopham~s during the follow-up pe- 
riod. This finding emphasizes that the patient with an 
intact fundoplication had the potential to develop 
Barrett's esophagus and did not, and that the benefits 
of surgery are dependent on performing an effective 
and durable repair. 

A review of studies with endoscopic follow-up of 
patients treated by antireflux surge W showed that most 
concentrate on the healing of esophagitis. Reports by 
Thor  and Silander 25 and Johansson et al. -'6 both men- 
tion healing of esophagitis, and neither report identi- 
fies a single case of Barrett's esophagus developing 
within 5 years after an antireflux operation, which was 
not present before the operation (see Table I). 

Table I. Development of Barrett's esophagus following antireflux surger T 

No. with Follow-up No. developing 
Reference No. CLE yr Barrett's esophagus 

Luostar inen  et al. 24 15* 0 20 2 t 
T h o r  and Sllander 'q 31 4 5 0 
Johansson  et al. 2~' 33 4 5 0 

7-6-- -8 range 5-20 2 t  

CLE = columnar-lined ep,thdmm. 
*All intact fundophcauons. 
tNo prcoperanvc biopsy In these patmnts to exclude Barrett's esophaDls. 
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Despite the limitation of these studies, it appears 
that the de ,ovo development of Barrett's esophagus is 
exceedingly rare in patients who have had effective 
antireflux surgery: This is in marked contrast to long- 
term medical treatment. A recent report from Austria 
found that up to 34% of patients on long-term acid 
suppression developed Barrett's esophagus while on 
theraD::- Seven (58%) of 12 patients on continuous 
omeprazole therapy developed Barrett's esophagus. 
Consequently a policy of correctly performing an ef- 
fective fundoplication early in the course of the dis- 
ease would likely reduce the incidence of Barrett's 
esophagus in the future. Risk factors for Barrett's 
esophagus, such as young age of onset, long duration 
of symptoms, persistent esophagitis, defective lower 
esophageal sphincter, and mixed duodenogastric re- 
flux, should encourage early operation. 

Does Antireflux Surgery Promote or Induce 
Healing or Regression of the Metastatic 
Epithelium Such That the Cancer Risk 
Epithelium (Intestinal Metaplasia) 
Is Eliminated? 

There are conflicting reports about whether Bar- 
rett's mucosa regresses following antireflux surgery. 
Brand et al., :8 in 1980, was the first to describe com- 
plete regression of all metaplastic epithelium in 4 of 
10 patients with Barrett's esophagus following an an- 
tireflux procedure. Subsequently most reports have 
demonstrated that although some regression of the 
length of Barrett's esophagus is common,  complete 
regression after an antireflux procedure occurs only 
occasionally, but progression in the length of Barrett's 
esophagus rarely occurs. A review of the English lan- 
guage literature since 1977 documents follow-up of 
340 patients after antireflux surgery. Complete  re- 
gression occurred in only 13 patients, whereas in 256 
(75%) of the 340 patients the Barrett's epithelium re- 
mained unchanged. > Thus  regression of traditional 
Barrett's esophagus cannot be reliably predicted or 
anticipated following antireflux surged ~. 

In contrast to the unreliable regression of the tra- 
ditional (>3 cm) segments of Barrett's esophagus, we 
recently showed that 73 % of patients with intestinal 
metaplasia at the gastroesophageal junction had com- 
plete regression of the intestinal metaplasia compo- 
nent of the Barrett's mucosa (i.e., the at-risk nmcosa) 
following antireflux surge W.~° By comparison, only 
4% of patients with a long se~nent  of Barrett's esoph- 
agus had loss of intestinal metaplasia after an antire- 
flux procedure. Recently Low et al .  31 also reported the 
loss of intestinal metaplasia in two patients with short- 
segment (<3 cm) Barrett's esophagus. 

Theoretically the ideal treatment for a patient with 
Barrett's esophagus is one that will restore the normal 
squamous nmcosa and eliminate the cancer risk asso- 
ciated with the intestinalization of the cardiac-type 
mucosa. Currently neither medical nor surgical ther- 
apy reliably offers this. However, a number of exper- 
imental techniques for mucosal ablation show promise. 
In animal studies and limited clinical trials, some of 
these ablation techniques have been successful in re- 
moving the columnar mucosa and allowing subse- 
quent squamous reepithelialization. The  elimination 
of gastroesophageal reflux is critical to the success of 
squamous reepithelialization. Consequently, persis- 
tent or recurrent areas of intestinal metaplasia plague 
most series of nmcosal ablation in which patients take 
proton pump inhibitors in an effort to stop reflux. In 
contrast, Salo et al. 3-' recently reported successful ab- 
lation of Barrett's epithelium with the use of Nd:YAG 
laser after antireflux surger T. They  followed 11 pa- 
tients for a mean of 26 months  after the last laser 
treannent and noted complete squamous regeneration 
in all patients. There  was no residual metaplastic ep- 
i thelium except in two patients with persistent in- 
testinal metaplasia at the gastroesophageal junction. 
Ablation when combined with an antireflux procedure 
is likely to be the most reliable method to remove the 
metaplastic mucosa and allow squamous regeneration. 

Does Antireflux Surgery Induce Quiescence 
of the Barrett's Mucosa and Halt the 
Progression to Dysplasia and Cancer? 

Clinical experience has shown that patients with 
Barrett's esophagus can have progression to low-grade 
dysplasia, high-grade dysplasia, and eventually ade- 
nocarcinoma while undergoing medical treatment. In 
contrast, clinical evidence is mounting that in patients 
with Barrett's esophagus, surgical therapy is associated 
with a reversal of the first step in this process. In our 
series of 60 patients with intestinal metaplasia of the 
esophagus or esophagogastric junction, we found pre- 
operatively low-grade dysplasia in 10 patients. ~° In 7 
of the 10 patients the low-grade dysplasia reverted to 
Barrett's esophagus without dysplasia following an an- 
tireflux procedure. Similarb; Low et al. q noted that 4 
of their 14 patients had low-grade dysplasia, and in all 
four patients it regressed to Barrett's esophagus with- 
out dysplasia after antireflux surgery) ~ In our opin- 
ion, preventing reflux with a properly constructed an- 
tireflux procedure stops the continual irritation of the 
metaplastic mucosa and allows the cells to become 
quiescent. If low-grade dysplasia persists after antire- 
flux surgeD; consideration should be given to mucosal 
ablation without acid suppression therap)< 
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Perhaps of greater importance is whether Barrett's 
esophagus progresses to high-grade dysplasia or can- 
cer after surgical treamlent of reflux disease. McCal- 
lum et al) 3 prospectively followed 181 patients with 
Barrett's esophagus. Twen9~-nine had antireflux sur- 
ge W while the remaining 152 patients were treated 
medically. After a mean follow-up of 5 years in the 
surgical group and 4 },ears in the medical group, there 
was a significant difference in the incidence of dyspla- 
sia and adenocarcinoma. Dysplasia was found in 3.4% 
of the surgical group compared with 19.7% in the 
medically treated group. No  patient in the surgically 
treated group developed adenocarcinoma of the 
esophagus, whereas this did occur in medically treated 
patients. These investigators concluded that com- 
pared to medical therapy an antireflux operation in 
patients with Barrett's esophagus was significantly as- 
sociated with a reduction in the incidence of dysplasia 
and cancer. Similarly Katz et al. 34 followed 102 pa- 
tients with Barrett's esophagus for a mean of 4.8 years. 
By 3 years, approximately 8% of the medically treated 
patients had high-grade dysplasia. In contrast, pa- 
tients treated by antireflux surgery had a significantly 
reduced risk of developing dysplasia. The 9-year dys- 
plasia and cancer-free survival was 100% for 15 pa- 
tients after an antireflux procedure and 50% for 82 
patients treated with medical therapy (P = 0.03). 

One factor complicating any analysis of progres- 
sion of Barrett's esophagus to high-grade dysplasia or 
cancer after antireflux surge W is that the cellular and 
genetic alterations leading to the development of 
high-grade dysplasia and adenocarcinoma may have 
already occurred prior to performance of the antire- 
flux procedure. It has been estimated to take up to 6 
years for adenocarcinoma to develop within Barrett's 
esophagus with low-grade dysplasia, and thus some 
cancers, particularly those that present during the first 
few postoperative years, probably do not represent 
progression of disease after surgeD: McDonald et al. 3~ 
made this point in a study from the Mayo Clinic. 
They found invasive adenocarcinoma in two patients 
and "high-grade dysplasia in one patient during sur- 
veillance after antireflux surgers; but they noted that 
no patient developed carcinoma or high-grade dys- 
plasia after 39 months despite a median follow-up of 
6.5 years, and a maximum follow-up of 18.2 years. 

Review of the English language literature since 
1975 revealed 11 series and a total of  346 patients 
with Barrett's esophagus followed after fundoplica- 
tion. > Patients were found to have esophageal ade- 
nocarcinoma after antireflux surgery, in only 7 of the 
11 reports. ,Apart from these series, tour isolated re- 
ports were tbund describing adenocarcinoma develop- 
ing in Barrett's esophagus after an antireflux operation. 

Although the length of follow-up was not always avail- 
able, 11 (58%) of the 19 cancers developed within 3 
years of fundoplication, and 15 (79%) developed 
within 5 years of fundoplication. The remaining four 
cancers developed from 5 to 10 years after fundopli- 
cation, but in each case the patients had recurrent re- 
flux on the basis of symptoms or positive 24-hour pH 
monitoring. Thus a functioning fundoplication seems 
to provide protection from progression of Barrett's 
esophagus to adenocarcinoma in patients where this 
process has not started prior to the surgical procedure. 

In summars., the evidence as it exists today would 
support the notion that the best treannent for the pre- 
vention of Barrett's esophagus is an early antireflux pro- 
cedure in patients who manifest the risk factors associ- 
ated with Barrett's esophagus. The best treammnt of a 
patient with established Barrett's esophagus is an ap- 
propriately selected and well-constructed antireflux 
procedure and yearly surveillance for the first 5 years 
with progressively longer intervals thereafter. If during 
surveillance low-grade dysplasia persists or develops, 
mucosal ablation should be considered. If high-grade 
dysplasia or intramucosal carcinoma develops without 
a visible lesion, a vagal-sparing esophagectomy should 
be considered. ~' If a visible lesion develops, an en bloc 
esophagectomy provides the best chance for cure. 3-,3~ 
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Photodynamic Therapy in the Management 
of Barrett's Esophagus With Dysplasia 
Bergein E Overholt, 3LD., F.A.C.P., ;1LA.C.G., Masoud Panjehpom; PKD. 

Photodynamic therapy (PDT) involves the sys- 
temic use of a photosensitizing drug that is activated 
by a light of proper wavelength and power to produce 
singlet o~,gen and subsequent cell death. P D T  also 
results in ischemic necrosis of tissue, further enhanc- 
ing the injury. Clinical use has focused on the use of 
PDT in human malignancies since cancers have pref- 
erential concentration of the photosensitizers. This 
characteristic allows some selectivit T in treating ma- 
lignant tissue while, to a degree, sparing normal tis- 
sues. 1,2 The prima W use for PDT in gastroenterology 
has been in the treatment of esophageal cancer, ~-~ but 
trials are now underway to evaluate treatment effects 
in Barrett's esophagus with dysplasia and superficial 
cancers. 

Porfimer sodium (Photofrin, QLT PhotoThera-  
peutics, \~ancouver, B.C.) is the photosensitizer most 
used in clinical trials. It is now approved ['or use in 
certain types of esophageal cancer in the United 
States, Canada, The Netherlands, Japan, and France. 
Photofrin is also undergoing clinical trials in head and 
neck cancer, brain tumors, and Barrett's esophagus. 
Second-generation drugs currently being tested 
in esophageal disease include 5-aminolevulinic acid 
(5-ALA), metahydroxyphenylchlorin (mTHPC).  6 r̀ 
Benzoporphyrin derivative may be used in clinical 
trials in the near future. 

~Aqth Photofrin-PDT for Barrett's esophagus with 
high-~ade dysplasia, the drug is injected intravenously 
followed by endoscopy within 40 to 50 hours. In the 
current multicenter clinical trial, a 2.5 cm diameter 3, 
5, or 7 cm windowed esophageal centering balloon is 
used to deliver dye-laser red light (630 nm) to the tar- 
geted esophageal disease. A cylindrical 2.5 cm diffuser 
attached to a fiberoptic probe also can be used to sup- 
plement the light dose to any esophageal nodular tis- 
sue. Light delivery can be repeated in 48 hours if 

needed to achieve additional mucosal destruction. Pa- 
tients are usually treated in the outpatient setting. 

As expected, with the deeper injury associated with 
Photofrin-PDT, chest pain and nausea commonly oc- 
cur following treatment but resolve within several 
days. Fever of 100 to 101 ° F can also occur. Perfora- 
tion is very unlikely but esophageal strictures occur in 
25% to 34% after Photofrin-PDT in current studies. ~ 
Depending on clinical needs, more than one P D T  
session can be administered. Photofrin remains in 
body tissues for approximately 1 month necessitating 
that the patient avoid direct sunlight exposure during 
that period. 1,2 

Photofr in-PDT for Barrett's esophagus with dys- 
plasia or early esophageal cancer has been used most 
extensively by Overholt and Panjehpour.'* Mucosal 
destruction with Photofrin-PDT treatment is marked. 
Healing in the presence of proton pump inhibitor 
therapy (a "no-acid" environment) resulted in re- 
placement of 75 % to 80% of the treated Barrett's ep- 
ithelimn with normal squamous epithelium. In their 
first 100 patients, high-grade dysplasia was eliminated 
in 88% of 73 patients, low-grade in 92% of 14 pa- 
tients, and T1 cancers in 77% of 13 patients. Vfhen 
combined with thermal ablation (contact YAG laser) 
of small residual islands of Barrett's epithelium per- 
sisting after PDT, complete elimination of Barrett's 
esophagus was also accomplished in 43 patients. Stric- 
tures occurred in 34% of patients but all responded 
to dilation. Repeated PDT sessions with overlapping 
areas of mucosal injuD, appear to be associated with a 
higher incidence of stricture formation, approximat- 
ing 50% 2 Utilizing four-quadrant biopsies every 2 cm 
of treated mucosa, subsquamous glandular mucosa 
was found in only 2 of the 100 patients, indicating a 
high incidence of complete ablation of Barrett's nm- 
cosa. ~l~vo other patients developed small nodules of 

From the Laser Department, Thompson Cancer Survival Center, Knoxville, Tenn. 
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Table  I. Photodynamic therapy in Barrett's esophagus with high-grade dysplasia 

No. of HGD Barrett's Subsquamous Additional Stricture 
Reference patients Drug response (%) eradication (%) Barrett's (%) therapy (%) 

Overholt and 73 Photofrin 88 43 2-4 YAG 34 
Panjehpour ~ 

VCa ng' ~' 26 HpD 88 35 NR 27 
Gossner et al/' 10 ALA 100 0 ? All mTHPC 0 

(for carcinoma) 
Barr et al.- 5 ALA 100 0 ? All 0 

HGD = high-grade dysplasia; mTHPC - meta-hydroxyphenylchlorm, ALA = ammolevulimc acid; HpD = hematoporphyrm dem,atixe; 
NR = not reported. 

high-grade dysplasia that were successfully retreated. 
One  additional pat ient  developed a small subsqua- 
mous adenocarcinoma 6 months  after P D T  that was 
also successfully retreated. T h e  authors believed that 
the tumor  was present at the time of  the initial P D T  
and had not  been fully destroyed, s 

Wang, l° expanding on earlier work, ll has reported 
in tabulated form results in 26 patients using hemato-  
porphyr in  derivative for ablation in dysplastic Bar- 
rett's mucosa. Elimination of  high-grade dysplasia was 
achieved in 88% and Barrett's mucosa in 35%. Stric- 
tures occurred in 27%. No  infbrmation on the inci- 
dence of subsquamous Barrett's nmcosa was provided. 

In contrast, with 5 - A L ~ - P D T ,  the inju W is less as 
the photoactivating compound,  and hence the injuD, 
is confined to mucosa. <- .As such, whether  A L A - P D T  
will be sufficient for destruction of  Barrett's dysplasia 
is uncertain since current  studies indicate a high per- 
centage of  residual subsquamous Barrett's mucosa in 
patients treated with ALA-PDT.  ¢,.7 T h e  realit T is that 
to totally el iminate Barrett 's  mucosa,  mucosal de- 
s t ruct ion must  be significant and probably must  be 
relatively deep. 

Gossner  et al/' have used 5-M~A-induced proto-  
porphyr in  IX P D T  to treat  10 patients with severe 
dysplasia with elimination of  dysplasia in all I0. Ma- 
lignancies greater than 2 mm deep required m T H P C  
P D T  for deeper  tissue effect. Barr et al." have re- 
ported on five patients treated with 5 -ALA-PDT.  In 
bo th  studies, persis tence of  subsquamous Barrett 's  
mucosa occurred and reepithelial ization with squa- 
mous mucosa was only partial following P D T  indi- 
cating an incomplete long-term response. 

In conclusion, P D T  appears to hold considerable 
promise as an endoscopic therapy for Barrett's esopha- 
gus with high-grade dysplasia (Table I). Under  current 
techniques, deeper  mucosal therapy with Photofr in-  
P D T  produces better long-term results with elimina- 
tion of  Barrett's esophagus and subsquamous Barrett's 
mucosa but at the risk of a relatively high incidence of  
strictures. T h e  more superficial t reaunent  with 5-ALA 

is repor ted  to eliminate dysplasia but  persistence o f  
Barrett's esophagus and the occurrence of  post-therapy 
subsquamous Barrett's mucosa is high, thereby contin- 
uing the risk of  adenocarcinoma. N o  deaths have been 
repor ted in more than 100 Barrett's patients treated 
with PDT. Currently Pho to f r in -PDT for Barrett's dys- 
plasia is being studied in a mult icenter  international 
trial. Howeveb  earlier studies predict  the significant 
promise that P D T  will be an effective endoscopic ther- 
apy for Barrett's esophagus with dysplasia. 
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High-Grade Dysplasia in Barrett's Esophagus: 
Surveillance or Operation? 
Carlos A. Pellegn'ini, ~]LD., Dieter Pohl, M,D. 

Barrett's esophagus is an acquired metaplasia of the 
distal esophagus associated with chronic gastroesoph- 
ageal reflux. Periodic endoscopic surveillance is indi- 
cated because the incidence of adenocarcinoma in- 
creases significantly. ~-6 Even Drewitz et al.,- who 
prospectively found one of the lowest incidences of 
adenocarcinoma in patients with Barrett's esophagus 
(1 in 208 patient-years follow-up), recognized that 
there is about a 50-fold increase in adenocarcinoma 
in patients with this condition (480 cases per 100,000 
population) compared to all esophageal carcinomas 
(8.5 cases per 100,000 population). If a positive diag- 
nosis of  adenocarcinoma is made, there is general 
agreement that resection of the esophagus is indi- 
cated. By contrast, the diagnosis of high-grade dys- 
plasia without any evidence of cancer poses a clinical 
challenge: shoulc[ such a patient undergo esophagec- 
tomy? On the one hand, it is known that some of 
these patients will harbor, at this time, a small curable 
adenocarcinoma. Furthermore, it is also known that 
they are at an even higher risk of developing adeno- 
carcinoma than patients with Barrett's esophagus and 
no dysplasia. On the other hand, most of these pa- 
tients do not have and may never have cancer. Fur- 
thermore, close follow-up of patients with high-grade 
dysplasia is designed to detect the development of 
cancer at an earlier and still curable stage. Thus it is 
important to examine objectively the evidence on 
both sides of the issue. 

EVIDENCE FOR RESECTION 

From 1983 to 1999, fifteen studies have reported 
on the frequency with which adenocarcinoma was 
found in patients operated on with a diagnosis of 
high-grade dysplasia. -'-s,s-l" .~  shown in Table I, of the 
184 patients reported to have undergone esophagec- 
tomy with a diagnosis of high-grade dysplasia, 80 pa- 

tients (43%) were found to have adenocarcinoma. 
The frequency with which an unsuspected adenocar- 
cinoma was found, however, varies from 0% to 73 %. 
This high variability may, in part, be explained by 
the fact that all but two of these studies were retro- 
spective reviews, and the majorit T included only a 
handful of patients. Concern about the way these re- 
ports dealt with endoscopic findings and the biopsy 
protocol used has also been expressed, and further re- 
view is warranted. 

Endoscopy 

Seven of these 15 studies give no information on 
the way preoperative endoscopy was performed or on 
the findings.~.~.'~.l t.13-1s Details such as the len~h of the 
columnar-lined mucosa, and the presence of mucosal 
abnormalities that are known to relate to the chance 
of harboring adenocarcinoma 4,~,l<l- are disregarded. 
On the other hand, eight of these reports -~.4.5-1°.l-',~61~ 
give detailed information concerning the endoscopic 
findings, the number of endoscopies performed, and 
the correlation between mucosal abnormalities and the 
final pathologic diammsis. Two of the studies focused 
on the relationship between mucosal abnormalities and 
adenocarcinoma. Both found these abnormalities with 
equal frequency in patients who eventually were found 
to have dysplasia only and those who were found to 
have cancer. 4.17 Nodularit), ulceration, stricture, or ero- 
sions of the epithelium in patients with Barrett's esoph- 
agus should always alert the endoscopist to the poten- 
tial presence of a neoplasm, and these should be biop- 
sied, but their positive predictive value appears to be 
relatively low. Of similar interest, and not clear from 
these studies, is the frequency with which adenocarci- 
noma was found in patients with high-~ade dysplasia 
whose mucosa was perfectly flat and had no mucosal 
abnormalities whatsoever. 

From the Department of Surgen., Untverslty of \Vashington, Seattle, Vfash. 
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Table I. Missed adenocarcinoma and operative mortality in all of the patients with high-grade dysplasia only on 
preoperative esophagoscop), who underwent an esophagectomy 

Missed adenocarcinoma 

Reference Year No. of patients No. (°6) Mortali t  T (No. %) 

Hami l ton  and Smith" 1987 5 3 60 0 
.Mtorki at al. II' 1991 8 3 38 0 
Pera et  al.l[ 1992 18 9 50 0 
Levine et a l /  1993 7 0 0 1/14 
Rme et al. r-' 1993 16 6 38 1/6 
Streitz et al. e 1993 9 2 22 0 
Wr igh t  et al.l~ 1994 15 7 47 0 
Peters et al. 4 1994 9 5 55 0 
Edwards et .q.l~ 1996 11 8 73 0 
Hei tmi l ler  et al. H 1996 30 13 43 i/3.3 
Ferguson and N a u n h e i m  l; 1997 15 11 73 0 
Cameron  and C a r p e n t e r "  1997 19 2 10 I) 
Falk et  el. I- 1999 12 4 33 0 
O the r  10 7 70 0 

T~ rr.~L 184 80 43 3/2 

Biopsy Protocol 

Seven of these studies did not report the use of a 
standardized biopsy protocol.  Most  authors today 
agree that in order to increase the yield (identifica- 
tion of adenocarcinoma), biopsies should be carried 
out in all four quadrants at specific intervals (1 or 
2 cm) and in all areas that are i~'egular or.fi'iable within 
the Barrett's epithelium. On the other hand, seven 
studies adhered to this commonly  accepted biopsy 
protocol._.4. ,10,1_,16,18 Even with the utilization of a 
standard biopsy protocol, 31% of adenocarcinomas 
were missed. Furthermore, one study Iv compared the 
yield between the regular biopsy forceps and the 
jumbo biopsy suggested by Levine et al. 5 Falk et al. 17 
found that the jmnbo forceps did not increase the 
yield (they found that in 33 % of patients adenocarci- 
nomas were missed by the jumbo forceps technique 
and 38% were missed by the standard forceps). This 
ma b in fact, be due to the small size of the cancer fb- 
cus in a large surface area of high-grade dysplasia and 
Barrett's esophagus in these patients, as Cameron and 
Carpenter 16 had pointed out in a histologic study of 
esophagectomy specimens from patients with hi'gh- 
grade dysplasia. 

This  evidence supports the concept that because 
cancer is missed by endoscopy in a large proportion of 
patients with high-grade dysplasia, an esophagectomy 
is indicated in all of these patients. The  risk of leaving 
nearly half of the patients with an untreated cancer 
outweighs the risk that they will die from the opera- 
tion (combined mortal i~ T rate 2% [range 0% to 
14'%1). 

EVIDENCE FOR SURVEILLANCE 

The  rationale for surveillance in patients with 
high-grade dysplasia s temmed from the hypothesis 
that frequent examination and multiple biopsies of 
columnar epithelium would allow the physician to di- 
agnose cancer at an earl), and thus curable, stage 
while averting an esophagectomy in most  patients. 
The  largest study published to date included a group 
of 50 patients with Barrett's esophamas referred to the 
Universit3." of ~Vashington. s Some of these patients 
had a diagnosis of high-grade dysplasia and/or early 
cancer..M:ter repeating the endoscopy, 21 patients un- 
dm~'ent esophagectomy (7 with the diagnosis of high- 
grade dysplasia only--all 7 had high-grade dysplasia 
only and no cancer was found in the resected speci- 
men) and 29 patients entered a study that included 
periodic biopsies until such time as a positive diagno- 
sis of cancer was made. Of  the 29 patients who were 
followed with the diagnosis of high-grade dysplasia 
under the protocol, seven developed adenocarcinoma. 
:411 seven underwent esophagectomy. In five the tu- 
mor was limited to the mucosa and two had submu- 
cosal extension; none had lymphatic metastasis. None 
died at operation. The  remaining 22 patients were 
followed with surveillance for a mean of 18 months 
and did not show any evidence of cancer. None  of 
these patients died of esophageal cancer. 

This prospective study highlights many important 
aspects of the natural history of high-grade dysplasia. 
First, using an aggressive endoscopic protocol, high- 
grade dysplasia can be differentiated from cancer in 
the great majority of patients. Second, 2 5 % of pa- 
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tients (7 of 29) followed for 18 months--a relatively 
short period--developed an adenocarcinoma, and in 
two of them there was submucosal extension of the 
tumor at the time of the operation. On the other 
hand, 22 patients were spared an esophagectomy. 

Schnell and Sontag Iv have reproduced the findings 
from the University of Washington group. Indeed 
they reported--albeit  only in abstract form--on  42 
patients with high-grade dysplasia who were placed 
on a surveillance protocol. 19 Over a follow-up period 
of 7.5 years, eight patients (19%) developed an esoph- 
ageal adenocarcinoma, which was reported by the au- 
thors as "at a curative stage" (no further details avail- 
able in the abstract). Of  greater interest, however, is 
the fact that none of the remaining 34 developed a tu- 
mor or died. 

The  mortality rate for patients who developed 
esophageal cancer while under surveillance and un- 
derwent esophagectomy has been zero in these two 
studies. ~,r; Furthermore, these studies and others 4,1a.17 
have all emphasized the importance of appropriate 
and systematic mapping. They also show that 20% to 
25% of patients with high-grade dysplasia will even- 
tuall.v develop cancer of the esophagus. 

Because endoscopy and biopsy have their short- 
comings and since a positive diagnosis would be de- 
sirable, are there other ways to identi~" early cancer 
in patients with high-grade dysplasia? Unfortunately 
neither DNA flow cytomet W nor p53 nmtations (both 
of which are more common in patients with cancer) 
can be used as the sole indicator for the development 
of neoplasia, as they are also present in many patients 
with dysplasia but without Barrett's esophagusJ ,2°-:3 
On a more promising note, Falk et al. 34 have shown 
that the addition of brush cytolog T adds some infor- 
mation about malignancy to the standard or the 
jumbo biopsy protocol. Whether  or not endosonog- 
raphy of the esophagus may help identify cancer in 
patients with high-grade dysplasia is still a matter of 
debate. 1<25--'" 

C O N T R A S T I N G  T H E  E V I D E N C E  

On the surface, the evidence presented favors per- 
forming an esophagectom.~: Indeed 14 of the 15 re- 
ports emphasize that tumors are sometimes missed by 
endoscopy and biopsy. The problem is that, by and 
large, those papers are observational studies, and 
many disregarded appropriate endoscopic protocols 
designed to increase the yield of a positive diagnosis 
in patients with occult adenocarcinomas. Thus the is- 
sue of "missing a tumor" may be overemphasized. 
The two studies that support surveillance were car- 
ried out prospectivel.~, under strict protocols, which 
strengthens their value. Unfortunately the studv by 

Levine et al. 5 had a relatively short follow-up--only 
18 months--and results of a more recent follow-up 
have not yet been published. The study by Schnell et 
al. l~ is only available in abstract form, and thus the in- 
formation provided is limited. A follow-up report on 
Levine's patients and a full report on Schnell's study 
would go a long way toward clarifying these issues. 

A P P R O P R I A T E  M A N A G E M E N T  
O F  P A T I E N T S  W I T H  H I G H - G R A D E  
DYSPLASIA 

Given the risks of esophagectomy and the sequelae 
of the operation versus the risk of ignoring a curable 
esophageal cancer, what should be the appropriate ap- 
proach today? First, one must never accept an initial 
diagnosis of high-grade dysplasia until a pathologist 
who is well versed in this disease agrees. Second, we 
place all initially diagnosed patients on ave W tight an- 
tireflux regimen to include the administration of pro- 
ton pump inhibitors at thrice the recommended dose 
for 8 weeks. This is not with the intention to reverse 
Barrett's esophagus but to reverse the inflammatory 
changes comn3only seen in these patients, and thereby 
facilitate the interpretation of the biopsies. Third, af- 
ter this period of treatment, a very careful endoscopic 
examination is carried out noting any irregularities as- 
sociated with the segment of Barrett's esophagus as 
well as its total length. Multiple biopsies are taken of 
each quadrant every 2 cm, and every irregularit T of the 
mucosa is independently biopsied. Endoscopic ultra- 
sonography is performed and may identi~ ~ further ar- 
eas for biopsy. When all of these steps are taken, the 
clinical challenge posed by the initial diagnosis fre- 
quently no longer e?dsts: some patients are going to be 
diagnosed as having carcinoma, some will be diag- 
nosed as having no dysplasia, and a few will remain 
with high-grade dysplasia. Patients with a positive di- 
agnosis of cancer should be offered an esophagectomy; 
those with no dysplasia should be returned to periodic 
surveillance (with consideration of an antireflux oper- 
ation). Those who have high-grade dysplasia are en- 
gaged in a discussion that includes the endoscopic 
findings, their overall state of health, their age, and 
their abilit T to undertake the risk of esophagectomy 
X~qthin the group, subsets of patients can be identified 
for whom an operation or surveillance may be more 
appropriate. For example, a 10 cm long segment of 
Barrett's esophagus in a young person with high-grade 
dysplasia should probably be treated with an esoph- 
agectom}; whereas a short segment with high-grade 
dysplasia and no mucosal abnormalities in an older 
person may be watched. 

In conclusion, high-grade dysplasia must first be 
positively diagnosed, every effort should be made us- 
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ing present-day technoloD~ to rule in (or out) a carci- 
noma, and once that is done, appropriate considera- 
tion of the indMdual's ability to handle risk and the 
institutional resources available should dictate the ap- 
propriate treatment. 
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Telomerase Reverse Transcriptase Expression 
Is Increased Early in the Barrett's Metaplasia, 
Dysplasia, Adenocarcinoma Sequence 
Req~naM k:-N ~. Lord, ER.A.C.S., Dem~is Salonga, B.S., Kathleen D. Danenbe~g, I~LS., 
Jeffi-ey H. Peter~', BI.D., Tom R. De~$Jeeste~; M.D., Ji :~.lin Park, B.S., Jan Johansson, ,~I.D., 
Kristin A. Skimlel; M.D., Para Chandrasoma, M.D., &even R. De..~.leeste'J; M.D., 
Cedric G. Bremne8 M.Ch., Peter I. ~'ai, M.D., Peter I,~ Danenberg, Ph.D. 

Barrett's esophagus is a multistage polyclonal disease that is associated with the development of adeno- 
carcinoma of the esophagus and esophagogastric junction. Telomerase activation is associated with cel- 
lular immortalit T and carcinogenesis, and increased expression of the telomerase reverse transcriptase 
catalytic subunit (hTERT) has been used for the early detection of malignant diseases. To identig., bio- 
markers associated with each stage of the Barrett's process, relative mRNA expression levels of hTERT 
were measured using a quanntative reverse transcription-polymerase chain reaction method (M3I 7700 
Sequence Detector (TaqMan s.vstem) in Barrett's intestinal metaplasia (n = 14), Barrett's dysplasia 
(n = 10), Barrett's adenocarclnoma (n = 14), and matching normal squamous esophagus tissues 
(n = 32). hTERT expression was significantly increased at all stages of Barrett's esophagus, including 
the intestinal metaplasia stage, compared to normal tissues from patients without cancer (intestinal meta- 
plasia vs. normal esophagus, P <0.0001; d.vsplasia, P = 0.001; adenocarcinoma, P - 0.007; all Mann- 
~Arhimey U test ). hTERT expression levels were significantly higher in adenocarcinoma tissues than in in- 
testinal inetaplasia tissues (P = 0.003), and were higher m dysplasia compared with intestinal inetaplasia tis- 
sues (P = 0.056). hTERT levels were also significantly higher in histologically normal squamous esopha- 
gus tissues from cancer panents than m normal esophagus tissues from patients with no cancer (P = 0.013). 
Ven, high expression levels ([hTERT × 100: [3-actin] >20) were found only in patients with cancer. These 
findings suggest that telomerase activation is an important early event in the development of Barrett's 
esophagus and esophageal adenocarcinoma, that very high telomerase levels may be a clinically useful bio- 
marker for the detection of occult adenocarcinoma, and that a widespread cancer "field" effect is present 
in the esophagus of patients with Barrett's cancer. (J G~sl R{)INTEST SLIRG 2000;4:135-142.) 

KEY W O R D S :  Telomerase, telomerase reverse transcriptase, hTERT, hTRT, telomere, Barrett's esopha- 
gus, esophageal neoplasms, esophageal adenocarcinoma 

Barrett's esophagus is a disease in which the nor-  
mal squamous l ining of  the distal esophagus is re- 
placed with co lumnar  ep i the l ium in response to 
chronic gastroesophageal reflux disease. ~ ,2 It is a mul- 
ticlonal, multistage disease in which Barrett's intesti- 
nal metaplasia progresses in some patients  to low- 
grade dysplasia (LGD),  high-grade dysplasia (HGD) ,  
and eventually adenocarcinoma. 3.4 T h e  autopsy preva- 

lence of  Barrett's esophagus is appro.,dmately 400 per 
100,000, 5 an estimated 700,000 :Americans have this 
disease, 6 and both Barrett's esophagus and Barrett 's- 
associated adenocarc inomas  o f  the esophagus and 
esophagogas t r ic  junct ion  are rapidly increasing in 
incidence/- l°  

Unfor tuna te ly ,  cu r ren t  tests are unable to accu- 
rately identi~ ~ ei ther the stage of  disease or the likeli- 
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hood of disease progression in individuals with Bar- 
rett's esophagus. As a result, cancers are frequently 
not detected at an early stage and, because H G D  can 
progress to cancer, patients with HGD are currently 
advised to undergo esophagectomy to remove the at- 
risk mucosa and any occult cancers.I t Identification of 
biomarkers that are significantly associated with each 
Barrett's stage and with an increased risk of progres- 
sion to cancer would therefore greatly benefit the se- 
lection of patients with this disease who should un- 
dergo surgical resection or other interventions. 

Telomeres are specialized structures at the ends of 
eukaDTotic chromosomes that have important roles in 
maintaining chromosome integrity and genomic sta- 
bility. 12,13 In humans, telomeres consist of a simple 
hexameric sequence (TTAGGG) repeated for many 
kilobases. 14 Because of an inherent inabili W in normal 
eukaryotic cells to replicate the ends of linear mole- 
cules such as chromosomes, termed the "end replica- 
tion problem, ''15,16 telomere length shortens with each 
cell division. Iv Loss of telomere length is associated 
with limitation of replicative abilit3, (the "Hayflick 
limit," mortality stage M 1), after which cellular senes- 
cence with irreversible growth arrest occurs. 18 Telo- 
mere shortening is thus an important factor in cellu- 
lar 19,2° and probably whole-organism 2~,22 aging. 

Telomerase is a ribonucleoprotein enzyme com- 
plex that is capable of restoring and maintaining 
telomere length by providing an RNA template on 
which DNA polymerases can extend DNA replica- 
tion, thus overcoming the "end-replication prob- 
lem. ''1s,23 Most normal human somatic cells lack de- 
tectable telomerase, have progressive telomere short- 
ening, and have a limited life span. Cells that are not 
subject to replicative senescence, such as germline 
cells, some stem cells, cancer cells, and other immor- 
talized cells, are able to maintain telomere length. 
Most immortalized cells maintain telomere length be- 
cause of telomerase activation in these cells, ~4 al- 
though alternative lengthening of telomere (ALT) 
mechanisms is also important. 2°,25 The catalytic sub- 
unit of human telomerase is a reverse transcriptase 
enzyme (hTERT or hTRT; human telomerase re- 
verse transcriptase) that was cloned in 1997. 26-29 Di- 
rect evidence of the central importance of h T E R T  
and maintenance of telomere length in the control of 
proliferation and cellular life span was provided by 
studies that showed that introduction of exogenous 
hTERT into telomerase-negative cells resulted in in- 
duction of telomerase activit3. - and escape from cellu- 
lar senescence. ~'%-'3 Telomerase activation has been re- 
ported in more than 80% of hmnan tumor tTpes, 3° 
and for many of these tumors there are associations 
between telomerase actMty levels and clinically ira- 

portant factors such as early cancer detection and can- 
cer staging. 24,3°-34 

In the only previous article on telomerase in Bar- 
rett's esophagus and esophageal adenocarcinoma, 
Morales et al) s used the in situ hybridization method 
to investigate the presence of telomerase RNA 
(hTER or hTR) in formalin-fixed, paraffin-embedded 
esophageal tissues from 48 patients with Barrett's 
esophagus and 11 patients with esophageal adenocar- 
cinoma. These authors found that telomerase RNA 
was detectable at weak or moderate levels in 70% of 
intestinal metaplasia tissues, at moderate levels in 
90% of LGD tissues, and at high levels in 100% of 
Barrett's HGD and adenocarcinoma specimens. Ad- 
vantages of the in situ hybridization method are that 
archival tissues can be used and the presence of telom- 
erase RNA can be localized within tissues, so that, for 
example, areas of HGD and LGD within an indMd- 
ual tissue section can be compared. The study by 
Morales et al .  3~ suggests that telomerase activation is 
involved in the development and progression of Bar- 
rett's esophagus and adenocarcinoma, but expression 
of the telomerase catalytic enz~Ine subunit (hTERT) 
was not measured in their study. Assessment of hTERT 
expression is important because synthesis of the 
hTERT subunit, but not telomerase RNA (hTER), 
seems to be the rate-limiting determinant of telom- 
erase activity. ~6-39 Furthermore, hTER expression is 
widespread, whereas hTERT expression is restricted 
to cells or tissues with telomerase activitT. -"~ In the pres- 
ent study we assessed the prevalence and timing of 
hTERT activation in the Barrett's intestinal metaplasia, 
dysplasia, adenocarcinoma sequence. We undertook 
this study to investigate the role of telomerase in the 
development and progression of this disease, and to in- 
vestigate the potential clinical usefulness of hTERT 
measurement in the management of patients with this 
disease. 

M A T E R I A L  A N D  METHODS 
Tissue Samples 

Seventy tissue samples obtained at endoscopy and 
at operation from patients with Barrett's esophagus or 
adenocarcinoma of the esophagus or gastroesophageal 
junction were collected and immediately frozen in liq- 
uid nitrogen. Endoscopic biopsy specimens were ob- 
tained according to a protocol that required biopsy 
at 2 cm intervals from each quadrant (anterior, pos- 
terior, right, and left lateral positions) of the visible 
length of Barrett's mucosa and an additional biopsy 
from the normal-appearing squamous mucosa of the 
esophagus. Normal esophagus biopsy samples were 
taken from the proximal margin of the operative re- 
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section specimens or from an area at least 4 cm prox- 
imal to the macroscopically abnormal epithelium on 
endoscopy. Part of the specimen or an adjacent spec- 
imen was fixed in formalin and paraffin for histo- 
pathologic examination by one of two pathologists 
considered experts on Barrett's esophagus. Frozen- 
section examination of the study tissue was performed 
if the diagnosis was uncertain. 

Cancers were classified as esophageal if the epicen- 
ter of the tumor was above the anatomic esophago- 
gastric junction, and as esophagogastric junction (syn. 
cardia) cancers if the epicenter was at or within 1 cm 
distal to the esophagogastric junction. Specimens 
were classified as intestinal metaplasia if intestinal 
metaplasia but not dypslasia or cancer was present. 
Specimens were classified as dysplastic if either LGD 
or H G D  was present. Dysplastic tissues were not di- 
vided into H G D  and LGD groups because areas of 
LGD and H G D  were commonly" present in the same 
specimen. 

Only the highest grade pathologic lesion from each 
patient and a specimen of normal squamous epithe- 
lium were included in the study. Thus  Barrett's dys- 
plasia and intestinal metaplasia tissues from patients 
with adenocarcinoma were not included, and intesti- 
nal metaplasia tissues from patients with dysplasia 
were not included. 

Using these criteria, the following tissue samples 
were analyzed for h T E R T  expression: Barrett's in- 
testinal metaplasia (n = 14), Barrett's dysplasia (n = 
10), esophagus or esophagogastric junction adenocar- 
cinoma (n = 14), and matching normal esophagus tis- 
sues from 32 patients. Approval for this study was ob- 
tained from the institutional review board of the Uni- 
versit T of Southern California School of Medicine, 
and written intbrmed consent was obtained from par- 
ticipating patients. 

RNA Extraction and cDNA Synthesis 

A guanidinium thiocyanate method of mRNA iso- 
lation 41 was used (QuickPrep Micro mRNA Purifica- 
tion Kit, ?unersham Pharmacia Biotech Inc., Piscat- 
awa}; N.J.). Isolated mRNA was dissolved in 50 ~1 of 
5 mmol /L Tris-HCl (pH 7.5). For cDNA synthesis, 
20 ~l 5 × Moloney murine leukemia virus (~,L\ILV) 
buffer (containing 250 mmol /L Tris-HCl [pH 8.3], 
375 mmol /L KC1, and 15 mmoi /L MgCle; Life Tech- 
nologies, Gaithersburg,  Md.), I0 ILl dithiothreitol  
(100 mmol/L;  Life Technologies), l0 ~1 d N T P  (each 
10 mmol/L;  ?mlersham Pharmacia Biotech), 0.5 I~1 
random hexamers (50 OD dissolved in 550 btl of 
10 mmol/L Tris-HC1 [pH 7.5], and 1 mmol/L EDTA; 
?unersham Pharmacia Biotech), 2.5 bd bovine serum 

albumin (3 mg/ml in 10 mmol /L Tris-HC1 [pH 7.5]; 
,Mnersham Pharmacia Biotech), 2.5 I*1 RNAse 
inhibitor (5× 1000 units; Amersham Pharmacia 
Biotech), and 5 gl MMLV reverse transcriptase 
(200 U/~L1; Life Technologies), added to a total vol- 
ume of 50.5 ~1. 

Polymerase Chain Reaction Quantification 
of mRNA Expression 

Quanti tat ion of h T E R T  cDNA and an internal 
reference cDNA (13-actin) was done using a fluores- 
cence detection method (ABI PRISM 7700 Sequence 
Detection System [TaqMan], Perkin-Ehner Applied 
Biosystems, Foster Cit% Calif.) as previously de- 
scribed. 42,43 In brief, this method uses a dual-labeled 
fluorogenic oligonucleotide probe that anneals specif- 
ically within the forward and reverse primers. Laser 
stimulation within the capped wells containing the re- 
action mixture causes emission of a 3' quencher dye 
(T~\,ItLA.) until the probe is cleaved by the 5' to 3' 
nuclease activit3, of the DNA pobanerase during poly- 
merase chain reaction (PCR) extension, causing re- 
lease of a 5' reporter dye (fF&M). Production of an 
amplicon thus causes emission of a fluorescent signal 
that is detected by the system's charge-coupled device 
detection camera, and the amount of signal produced 
at a threshold cycle within the purely exponential 
phase of the PCR reaction reflects the starting copy 
number  of the sequence of interest. Comparison of 
the starting copy number of the sequence of interest 
with the starting copy number of the reference gene 
provides a relative gene expression level. 

The  PCR reaction mixture consisted of 600 
mmol /L of each primer ('Fable I), 200 nmol/L probe 
(Table I), 5 U :~Lmpli'Faq Gold Polymerase, 200 
bunol/L each dATP, dCTP, dGTP,  400 ~mol /L  
dUTP, 5.5 mmol /L MgCI:, 1 U AanpErase uracil N- 
glycoslyase, and 1 × TaqMan Buffer A containing a 
reference dye, to a final volume of 25 ~LI (all reagents 
Perkin-Elmer Applied Biosystems). Cycling condi- 

Table I. PCR primers and probes 

Forward primer: hTERT-3081F [21 bp] 
Sequence: C G T A C A G G T T T C A C G C A T G T G  
Reverse primer: hTERT-3162R [19 bp] 
Sequence: ATGAC GC GC AGG?L-LYa~&T G 
"FaqMan probe 
Name: hTERT-3107T [28 bp] 
Sequence: CAGCTC C C ATTTCATCAGC_~-~GTTTGGA 
.Mnplicon length: 82 bp 

bp = base parrs. 
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tions were 50 ° C for 2 minutes, 95 ° C for 10 minutes, 
followed by 40 cycles at 95 ° C for 15 seconds and 60 ° 
C for 1 minute. Significant contamination with ge- 
nomic DNA was excluded by ampli~qng non-re-  
verse-transcribed RNA. 

Statist ical  Analysis 
h T E R T  expression levels in adenocarc inoma,  Bar- 

ret t 's  dysplasia,  in tes t ina l  metaplas ia ,  and n o r m a l  
squamous  esophagus  tissues were c o m p a r e d  using the 
Kruskal&l,  hllis test to show significant differences in 
h T E R T  expressions within all h is topathologic  groups.  

The Mann-~,qaitney U test was then used to compare 
the expressions levels between t-wo different groups. 
Only adenocarcinoma tissues from patients with ade- 
nocarcinoma were included in this analysis. Normal 
squamous  esophagus  tissues f rom patients  with ade- 
noca rc inoma  (n = 12) were no t  included in this analy- 
sis. h T E R T  expressions in histologically normal  squa- 
m o u s  esophagus  tissues f r o m  pat ients  with Barrett 's  
e s o p h a g u s  bu t  no  c a n c e r  (n = 20) were  c o m p a r e d  
wi th  the  express ions  in h i s to log ica l ly  n o r m a l  squa-  
mous  esophagus  tissues f r o m  patients with adenocar -  
c i n o m a  (n = 12) in a s econd  analysis tha t  used the 
same statistical methods .  Express ion levels in dyspla- 

Tab le  II .  Compar ison  of  h T E R T  expression levels in different Barrett's tissues and normal  esophagus tissues* 

hTERT 

Pathology, No. of tissues Median Range Tissues compared P value 

Adenocarclnoma 14 8.45 0.42-330 

Barrett's esophagus 7 1.89 0.95-17.5 
with dysplasia 

Intestinal metaplasia 13 0.9 0.26-11.38 
Normal esophagus 20 0.32 0.04-3.6 

Adenocarcinoma vs. normal esophagus <0.0001 
Adenocarcinoma vs. dysplasia 0.17 
Adenocarclnoma vs. LM 0.003 
Dysplasia vs. normal esophagus 0.001 
Dysplasia vs. E\'I 0.056 
D,.I vs. normal esophagus 0.007 

L\I = lntesnnal metaplasla. 
*Only adenocarcumma tissues from patients with adenocarcmoma ~ ere used for this analysis; the hTERT expression levels measured in Barrett's 
dysplasia (n = 3), intestinal metaplasia (n = 1), and normal esophagus (n = 12) nssues from paneuts with cancer were excluded froin the analysis. 
hatestmal metaplasia tissues from panents x~ lth dysplasla were not analyzed f'or hTERT express,on. 

4 5 ,  
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Fig. 1. Box and whisker plots of relative hTERT expression levels for specimens of each histologm t).q~e. 
The boxes show the t3venty-fifth and sevenD--fifth percentile (lnterquartile) ranges. Median values are 
shown as a horizontal bar within each box. The whiskers show levels outside the twentT-fifth and sev- 
enty-fifth percentiles but exclude far outlying values, which are shown above the boxes. The zero mark 
for relative hTERT expression on the vertical axis has been elevated to allo~ the lower limits of the 
boxes and whiskers to be seen. 
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sia and intestinal metaplasia tissues from patients with 
cancer were not compared with the expressions in 
these types of tissues from patients without cancer be- 
cause of the small numbers of tissues in the cancer pa- 
tient groups. 

R E S U L T S  

The median values and ranges of hTERT expres- 
sions in tissues with adenocarcinoma (n = 14), and in 
tissues with Barrett's dysplasia (n = 7), Barrett's in- 
testinal metaplasia (n = 13), and squamous esophagus 
epithelium from patients without adenocarcinoma are 
shown in Table II. Premalignant and normal esopha- 
gus tissues from patients with Barrett's cancer were 
not included in this analysis because of the possibility 
that these values might be affected by the presence of 
cancer. As shown in Table II and Fig. 1, telomerase 
expression was significantly upregulated in all of the 
groups of Barrett's tissues, including intestinal meta- 
plasia tissues, compared to the group of normal 
esophagus tissues from patients without cancer. 

hTERT expression levels were significantly higher 
in adenocarcinoma tissues than in intestinal metapla- 
sia tissues (P = 0.003), and were higher in dysplasia 
compared with intestinal metaplasia tissues, almost 
reaching statistical significance (P = 0.056) (see Table 
II). Very high telomerase expression levels ([hTERT 
× 100/~-actin] greater than 20) were only detected in 
patients with adenocarcinoma. These vet T high lev- 
els were found in 4 of the 14 patients with adenocar- 
cinoma, including one patient with very high values 
in all tissue specimens examined. 

The hTERT expression levels in the group of his- 
tologically normal squamous esophagus tissues from 
patients with adenocarcinoma (n = 12, medium ex- 
pression 1.53) was significantly higher than the levels 
found in normal esophagus tissues from patients with 
Barrett's esophagus only (n = 20, median expression 
0.2 5, P = 0.013; Mann-~,Vhitnev U test). 

D I S C U S S I O N  

This study demonstrates that telomerase reverse 
transcriptase (hTERT) expression is upregulated in 
Barrett's esophagus and Barrett's adenocarcinoma. 
There was considerable variation in hTERT expres- 
sion levels in tissues at each Barrett's stage, but ana- 
lyzing the grouped results for each histopathologic 
stage shows that there is a significant increase in ex- 
pression at all Barrett's stages compared with normal 
esophagus tissues from patients without cancer. 
hTERT expressions were especially high in many of 
the dysplasia and adenocarcinoma tissues. Activa- 
tion t~.23 and deactivation-'- of the telomerase ribonu- 
cleoprotein complex is limited by expression of the 

telomerase reverse transcriptase subunit. This study 
thus indicates that telomerase is activated in this dis- 
ease, and that telomerase activation has a role in the 
development of Barrett's esophagus and its progres- 
sion to cancer. Recent studies have shown that telom- 
erase activation alone is not sufficient for cellular im- 
mortalization and the development of maliguancy, 44-46 
and other genetic alterations including Rb, p16, 46 and 
p53 inactivation ~°,4: are required. Inactivation of p53 
and p16 occurs frequently in Barrett's adenocarcino- 
m a s ,  4'4x-~ and loss of heterozygosiDT studies suggest 
that Rb may also commonly be lost. v~ A study that di- 
rectly assesses telomerase activity in Barrett's tissues 
using the telomere repeat anaplification protocol as- 
say 24-60 is in progress at this institution. 

The finding that very high hTERT expression lev- 
els were found only in patients with cancer indicates 
that hTER expression measurement might be a clin- 
ically useful biomarker for the early detection of ma- 
lignancy in patients with Barrett's esophagus. Some 
patients with cancer had very low h T E R T  levels, 
however, so that the predictive power of a low or only 
moderately elevated hTERT level is limited. For this 
reason, molecular diagnosis and staging of Barrett's 
patients who have low or moderately high hTERT 
levels will probably require assessment of other genes 
or, as is most likel}; a panel of genes. Studies from this 
institution and elsewhere suggest that there are at 
least several other genes that have significantly differ- 
ent expressions or mutation frequencies at different 
Barrett's stages. 50,('1-('4 ,Maalysis of these genes might 
be included in a panel of molecular tests useful for 
monitoring patients with Barrett's esophagus. 

As in breast, lung, head and neck cancers, some 
hepatocellular cancers, and sun exposure-related skin 
cancers, a~.a¢' but unlike many other common cancers, 65 
telomerase activation occurs earl}- in the Barrett's 
multistage carcinogenesis process, with significant 
h T E R T  upregulation at the intestinal metaplasia 
stage. This finding indicates that Barrett's esophagus, 
even at its earliest stage of intestinal metaplasia with- 
out dysplasia, is a genetic disease with involvement of 
tumor-associated genes. 

hTERT expression levels in this study were signif- 
icantly higher in the group of histologically normal 
squamous esophagus tissues from patients with can- 
cer compared with the group of histologically normal 
squamous esophagus tissues from patients without 
cancer. This indicates that genetic changes precede 
the appearance of morphologic changes in this dis- 
ease. The normal esophagus biopsies were from areas 
that were well separate from macroscopic disease, in- 
dicating further that there is probably a very wide- 
spread oncogenic "field" effect in the esophagus in 
cancer patients. The presence of a field effect should 
theoretically increase the usefulness of gene expres- 
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sion measurements as biomarkers or cancer detection 
in Barrett's esophagus. The reason for this is that only 
a small proportion of the Barrett's epithelium is usu- 
ally biopsied at endoscopy in routine clinical practice, 
so that small areas of H G D  or cancer may not be 
biopsied and thus may go undetected (sampling er- 
ror). The finding of a very high "cancer-level" hTERT 
expression level in an), area of the esophagus, even in 
histologically normal squamous epithelium, might in- 
dicate that occult cancer is present. Alternatively, it 
might suggest that a patient with Barrett's esophagus 
was at increased risk for progression to cancer. In 
either case, such a patient should undergo repeat 
biopsy within a relatively short period. 

Other studies have shown that hTERT expression 
may be present at low levels in normal tissues from 
patients without malignancy. 6~' In particular, activated 
lymphocytes and cells from highly proliferative nor- 
mal tissues such as the breast, the endometrium, the 
basal layer of the epidermis, and intestinal cwpt cells 
are known to express low levels of telomerase activ- 
ity. These cell types are unable to maintain telomere 
length, but in some of these cells telomere shorten- 
ing occurs at a slower rate than in normal somatic 
telomerase-negative cells. 6:,6s M1 of the patients in our 
study had either Barrett's esophagus or adenocarci- 
noma, so the conclusion that hTERT expression is 
present in the normal esophagus in humans is sug- 
gested by our study but needs to be confirmed by 
analysis of normal tissues from individuals with no 
esophageal patholoD ~. 

Findings similar to ours, and to those of Morales 
et al., ~ who detected telomerase RNA (hTER) ex- 
pression at all Barrett's stages, have been reported in 
studies of esophageal squamous cell carcinoma and its 
precursor lesion squamous dysplasia. Telomerase ac- 
tivity is increased in esophageal squamous cell carci- 
noma cells and tissues, #~-~1 this activation probably oc- 
curs early, as shown by the detection of telomerase 
RNA in areas of squamous dysplasia, ~e and telomerase 
activit3; is found in normal esophagus tissues from pa- 
tients with squamous cell cancer .  7°,71 

The validity of using the quantitative RT-PCR 
fluorogenic detection (FaQman) system Ibr measure- 
ment of telomerase RNA expression has been re- 
ported. 73 This present study demonstrates that this 
highly sensitive method is also suitable for quantifi- 
cation of hTERT expression. Compared to previous 
methods of RNA expression measurement,  this 
method has the advantages of being quantitative 
rather than semiquantitative, rapid, and nonradioiso- 
tope dependent. The finding of hTERT expression in 
all of the tissues examined in this study may at least 
partly result from the sensitivit3.~ of this system for de- 
tecting cDNA messages. 

C O N C L U S I O N  

Telomerase reverse transcriptase expression, and 
thus presumably telomerase activitT, is significantly 
increased in Barrett's esophagus and Barrett's adeno- 
carcinoma tissues. This increase in expression occurs 
at the earliest (intestinal metaplasia) stage of this dis- 
ease, but expression levels are higher in later-stage 
(dysplasia and cancer) tissues than in tissues with in- 
testinal metaplasia only. The presence of cancer is as- 
sociated with an extensive field effect in the esopha- 
gus. MI patients with very high hTERT expressions 
had cancer, suggesting that h T E R T  quantification 
may be clinically useful for the detection of occult 
cancer in patients with Barrett's esophagus. The Taq- 
Man RT-PCR assay used is a highly sensitive, quanti- 
tative, non-radioisotope-dependent method for mea- 
suring relative hTERT mRNA expression. 
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Effect of Laparoscopic Fundoplication 
on Gastroesophageal Reflux Disease-Induced 
Respiratory Symptoms 
Marco G. Patti, 3LD., Massimo Arcerito, M.D., An&'ea Tamburini, ~LD., U)'s Dienel; 3.LD., 
Carlo f( Feo, M.D., Bm:~'em Safadi, .1.LD., Piero Fisichella, ..~LD., Lawrelzce If. T f/~3', M.D. 

Laparoscopic fundoplicanon controls heartburn and regurgitation, but the effects on the respiratory 
symptoms of gastroesophageal reflux disease (GERD) are unclear. Confusion stems from difficult}" 
preoperatively in determining whether cough or wheezing is actually caused by reflux when reflux is 
found on pH monitoring. To date, there is no proven way to pinpoint a cause-and-effect relationship. 
The goals of this stud}- were to assess the fbllowing: (1) the value of pH monitoring in establishing a 
correlation between respiratory symptoms and reflux; (2) the predictive value of pH monitoring on 
the results of surgical treatment; and (3) the outcome of laparoscopic fundoplication on GERD- 
induced respiratory symptoms. Between October 1992 and October 1998, a total of 340 patients un- 
derwent laparoscopic fundoplication for GERD. From the clinical findings alone, respirato W symp- 
toms were thought possibly- to be caused by GERD in 39 patients (11%). These 39 patients had been 
symptomatic for an average of 134 months. They were all taking He-blocking agents (21%) or proton 
pump inhibitors (79%). Seven patients (18%) were also being treated with bronchodilators, alone (3 pa- 
tients) or in combination with prednisone (4 patients). Median length of postoperative follow-up was 
28 months. In 23 patients (59%) a temporal correlation was found during 24-hour pH monitoring be- 
tween respiratory symptoms and episodes of reflux. Postoperatively heartburn resolved in 91% of pa- 
tients, regurgitation in 90% of patients, wheezing in 64% of panents, and cough in 74% of patients. 
Cough resolved in 19 (83 %) of 23 patients in whom a correlation between cough and reflux was found 
during pH monitoring, but in only 8 (57%) of 14 of patients when this correlation was absent. Cough 
persisted postoperatively in the two patients who did not cough during the study. These data show 
that pH monitoring helped to establish a correlation bet~veen respirator)." symptoms and reflux, and it 
helped to identi~ - the patients most likely to benefit from antireflux surgeD'. Following laparoscopic 
surgeD.-, respiratoD" symptoms resolved in 83 % of patients when a temporal correlation between cough 
and reflux was found on pH monitoring; heartburn and regurgitation resolved in 90%. (J G.¢STROIN- 
TES'I  SURG 2000;4:143-149.) 

KE, Y w()Rt)s: Gastroesophageal reflux disease, esophageal manometr)., prolonged pH monitoring, respi- 
ratory symptoms, laparoscopic fundoplication 

Laparoscopic fundoplicat ion controls hear tburn  
and regurgitation in appro~mately 90% of patients, 1,-' 
but the effects on respirato W s.~qnptoms are less pre- 
dictable, s,4 The  uncertainty stems from difficulty in 
establishing preoperat ively whether  cough and 
wheezing are actually caused by reflux when reflux is 
found on pH moni tor ing.  T h e  goals of  this s tudy 

were to determine the following: (1) the value of pH 
monitoring in establishing a correlation between res- 
piratory symptoms and reflux; (2) the predictive value 
of pH monitoring on the results of surgical treannent; 
and (3) the outcome of  laparoscopic fundoplication 
on gastroesophageal reflux disease (GERD)- induced 
respirator T s}q:nptoms. 
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PATIENTS AND METHODS 

Between October 1992 and October 1998, a total 
of 340 patients underwent laparoseopic fundoplica- 
t ion at the University of California San Francisco 
Medical Center for GERD. Heartburn and/or regur- 
gitation were present in all patients. In 39 patients 
(11%), heartburn and regurgitation were accompa- 
nied by cough or wheezing that was attributed on 
clinical grounds to the GERD. Of  these 39 patients 
with respiratoD ~ symptoms, 19 were men and 20 were 
women. The  mean age was 59 years (range 32 to 77 
years). S}qnptoms had been present for an average of 
134 months. 

~Adl patients had been treated with acid-reducing 
medications (H:-blocking agents, 2 I%; proton pump 
inhibitors, 79%), alone or in combination with pro- 
kinetic agents (36%). Seven patients (18%) were also 
being treated with bronchodilators, alone (3 patients) 
or in combination with prednisone (4 patients). All 
patients underwent a detailed preoperative examina- 
tion that included symptom evaluation, barimn swal- 
low test, and esophagogastroduodenoscopy. The  
severity of heartburn, regurgitation, cough, wheezing, 
and hoarseness was scored by the patients before and 
after the operation using a five-point scale ranging 
from 0 (no symptoms) to four (disabling symptoms). 
The  preoperative complaints included heartburn in 
35 patients (90%) (score 3.3 + 0.8), regurgitation in 
30 patients (77%) (score 2.8 _+ 1.1), cough in 39 pa- 
tients (100%) (score 2.4 +_ 1.0), wheezing in 14 pa- 
tients (36%) (score 2.3 -+ 1.1), and hoarseness in 13 
patients (33%) (score 2.1 _+ 0.9). 

Results of barium swallow were normal in 28% of" 
patients and showed a hiatal hernia in 72 % of patients. 

Thirteen percent of patients had no visible signs of 
esophagitis, 42% had grade I and II esophagitis, and 
45% had grade III to IV esophagitis. No strictures 
were present. 

Ambulatory 24-Hour pH Monitoring 

Acid-suppressing medications were discontinued 
3 days (H,-blocking agents) to 14 days (proton pump 
inhibitors) before the study. ~ n b u l a t o ~  ~ pH moni- 
toring was performed using a probe with two anti- 
mony sensors spaced 15 em apart, 5 and 20 cm above 
the upper border of the manometrically determined 
lower esophageal sphincter. ~.6 The  probes were cali- 
brated in a standard buffer solution at pH 1 and 7 be- 
fore and after monitoring. During the test, the pa- 
tients consumed an unrestr icted diet and took no 
medications that could interfere with the results. In 
addition, each kept a diary detailing any episodes of 
coughing. The  24-hour pH tracings were searched 
for a temporal relationship between the onset of an 
episode of cough and an episode of reflux (signified 
by a drop in pH to <4). An episode of coughing was 
considered to be induced by reflux if it occurred 
within 3 minutes of an episode of reflux in the distal 
or the distal-and-proximal e s o p h a g u s / T h e r e f o r e ,  
based on the relationship between cough and 
episodes of reflux, the patients were divided into 
three groups as follows: Group A = no correlation 
between cough and episodes of reflux, 14 patients 
(36%) (Fig. 1); Group B = correlation present be- 
t~een  cough and episodes of reflux in the distal 
esophagus only, 13 patients (33%) (Fig. 2); Group 
C = correlation present between cough and episodes 
of reflux in the distal and proximal esophagus, 10 pa- 
tients (26%) (Fig. 3). Two patients (5%) did not 
cough during the study. Esophageal acid exposure 
was calculated independently for the distal and the 
proximal esophagus (Table I). 

Postoperativel}, pH monitoring was offered to all 
patients, whether  the}, were symptomatic  or not. 
Eleven patients (28%) consented to have the test. ,MI 
tracings were reviewed using the same criteria as for 
the preoperative tracings. 

Table I. AanbulatoD, 24-hour pH monitoring 

Group A Group B Group C 

Distal Proximal Distal Proximal Distal Profimal 

No.  of  reflux episodes 215 +- 142 79 +_ 59 164 ± 
No. of  reflux episodes >5 rain 13 ± 13 3 - 4 6 ± 
Longest  reflux episode (rain) 53 ± 53 23 _ 21 22 ± 
% Time pH <4 (total)*t 27 -+ 23 7 + 7 12 ± 

Upr ight  posi t iont  29 ± 21 8 -+ 9 15 -2_ 
Supine position]- 25 ± 28 6 ± 6 10 _+ 

Reflux score (normal <15) t  85 ± 81 42 ± 41 49 ± 

68 38 ± 36 203 + 176 39 -z-_ 36 
4 0.5 ± 1.0 10 + 8 4 ±  l 
24 3 + 3 53 ± 101 II  ± 2 5  
4 1 ± 1  1 8 + 1 5  2_+3 
6 2 ± 3  2 2 ± 1 5  3 ± 3  
7 0 . 6 ±  l 14 2 17 1-+2 
17 8 = 7  5 4 ± 3 7  1 0 ±  10 

*P <0.05 bet~veen groups A and B. There ~as no difference am(rag the other groups for an} other parameter. 
tP  <0.05 between groups A and B, and groups A and C. There was no difference between groups B and C. 
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Fig. 1. Dual-sensor pH monitoring. Ltght hne, acid reflux 5 cm above the lower esophageal sphincter; 
dark hne, acid reflux 20 cm above the lower esophageal sphincter. There is no correlanon between cough 
and episodes of reflux• 
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Fig. 2. Dual-sensor pH monitoring. Ll@t ~me, acid reflux 5 cm above the lower esophageal sphincter; 
dark line, acid reflux 20 cm above the lower esophageal sphincter. A correlation exists between cough and 
reflux in the distal esophagus. 
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Fig. 3. Dual-sensor  pH moni tor ing.  Light line, acid reflux 5 cm above the lower esophageal sphincter;  
dark kne, ac,d reflux 20 cm above the lower esophageal sphincter. A correlat ion eMsts between cough and 
reflux in the &stal and pro:dmal esopha~ls .  

Table II. Esophageal manometry 

Group A Group B Group C 

LES pressure (ram Hg) 10 ± 5 11 ÷ 4 10 ± 4 
LES length (cm) 2.1 ± 1.0 2.1 ± 0.9 2.4 ± 0.5 
D E A ( m m  Hg) 54 ± 31 70 ± 30 66 ± 38 
P E A ( r a m  Hg) 41 ± 21 53 ± 29 47 + ~3 
N S E M D  (% patients) 71 46 70 
UES pressure (ram Hg) 104 ± 68 78 -+ 34 66 ± 33 

LES = lm~ er esophageal sphincter; DEA = distal esophageal amphtude; PEA = proxm~al esophageal amplitude, NSE,\ID = non>peclfiC 
esophageal motil,g' disorder; UES = upper esophageal sphincter. 
There were no statlsucal differences among the groups in any categon.' 

Table III. Symptoms before and after laparoscopic fundoplication 

Group A Group B Group C 

Preop Postop Preop Postop Preop Postop 

H e a r t b u r n  3.3 + 0.9 0.5 +_ 0.6 3.6 _+ 0.5 0.2 _+ 0.6 2.8 _+ 0.8 0.3 +_ 0.7 
Regurgi ta t ion 3.0 + 1.0 0.2 + 0.4 2.3 +_ 1.2 0 2.9 _+ 1.0 0.I _+ 0.3 
Cough  2.7 + 1.1 0.6 + 0.9 2.4 z 1.1 0.7 ± 1.4 2.1 _+ 1.0 0.4 _+ 1.3 
W h e e z i n g  2.5 + 1.0 0.3 + 0.5 2.5 _+ 1.3 1.2 ± 1.5 1.7 ± 0.9 0.5 -+ 1.0 
Hoarseness  3.3 ± 0.9 0.5 ± 0.6 1.5 ± 0.7 0 2.6 _+ 0.6 0.1 + 0.3 

Each s)'mptom was rated by the patient on a scale of() to 4, wuh 4 being most severe 
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Esophageal Manometry 
The patients were studied after an overnight fast us- 

ing techniques pre,fiously described, s Medications that 
might interfere with esophageal motor function (i.e., 
metoclopramide, cisapride, nitrates, [3-agonists, cal- 
cium channel-blocking agents) were discontinued at 
least 48 hours before the study. The  following vari- 
ables were assessed: (1) length and resting pressure 
of the lower esophageal sphincter; (2) amplitude 
and propagation of the peristaltic waves in the distal 
and pro~mal esophamls; and (3) pressure of the upper 
esophageal sphincter (Table II). There were no differ- 
ences in any of these variables among the three groups. 

Surgical Treatment 
Laparoscopic fundoplication was performed ac- 

cording to techniques previously described. :,: Twenty 
patients (51%) with normal esophageal peristalsis un- 
derwent a total (360-de~ee) fundoplication, and 19 pa- 
tients (49%) with abnormal esophageal peristalsis (am- 
plitude in the distal esophagus <40 mm Hg; >20% 
segmented waves; triple peaked or dropped waves or 
both) underwent a partial (240-degree) fundoplication. 

Follow-Up 
All patients were seen in follow-up 2 and 8 weeks 

postoperatively. Subsequently they were interviewed 
by phone at 3-month inten, als. Median duration of 
follow-up was 28 months. 

Stat is t ical  Analysis 
Student 's t test, XVilcoxon signed-rank test, and 

analysis of variance were used for statistical evaluation 
of the data. MI results are expressed as mean + stan- 
dard deviation. Differences were considered signifi- 
cant at P <0.05. 

R E S U L T S  

All operations were completed laparoscopicall}~ 
and there were no operative or postoperative compli- 
cations. The  patients were allowed an unrestricted 
diet after 21 + 9 hours, and left the hospital after 36 
_+ 17 hours (59% within 23 hours). 

Table III shows the effects of the operation on 
s3Tnptoms. Heartburn resolved in 91% of patients, re- 
gurgitation in 90%, hoarseness in 82%, cough in 
74%, and wheezing in 64%. The  outcome in relation 
to cough was as follows: Group ,q = cough resolved 
in 8 (57%) of 14 patients, and heartburn resolved in 
12 (92%) of 13 patients; Group B -- cough resolved 

in I0 (77%) of 13 patients, and heartburn resolved in 
12 (92%) of 13 patients; Group C = cough resolved 
in 9 (90%) of 10 patients, and heartburn resolved in 
7 (88%) of 8 patients. 

Four patients had residual reflux by ambulatory 
24-hour pH monitoring. Two were as}lnptomatic and 
two had persistent symptoms. The  wrap was found to 
be disrupted in one of these latter two patients; his 
s}qnptoms resolved after a second fundoplication. 

Cough persisted in the two patients who did not 
cough during the study, and both are still being 
treated with bronchodilators and prednisone. Cough 
improved in two patients in group A, but they still re- 
quire treatment with inhalers. One of these two pa- 
tients had an essentially normal pH monitoring result 
(DeMeester score 17) and was asymptomatic during 
the study. Two patients in group B with persistent 
cough had normal findings on pH monitoring post- 
operatively. There  was no temporal correlation be- 
tween episodes of coughing and the small (i.e., nor- 
real) amount of reflux in these patients. 

One patient in group C became as~nptomatic and 
was able to discontinue proton pmnp inhibitors, in- 
halers, and prednisone. Postoperative pH monitoring 
showed a normal score. 

DISCUSSION 
These  results show that (I) pH moni tor ing  was 

valuable in establishing a correlation between respi- 
ratory symptoms and reflux, (2) pH moni tor ing  
helped identi~, patients most likely to benefit from 
antireflux surgeD, and (3) following laparoscopic fun- 
doplication, heartburn resoh,ed in 90% of patients, 
and cough resolved in 83% of patients when a tem- 
poral correlation between cough and reflux was found 
on pH monitoring. 

Gastroesophageal Reflux and Respiratory 
Symptoms 

G E R D  can produce typical symptoms, such as 
heartburn and regurgitation, and at3qoical symptoms, 
such as cough and wheezing, s,° The  diagnosis of 
GERD-induced respiratory s~Inptoms is not always 
easy, as some patients may not experience heartburn 
or have visible signs of esophagitis on endoscopy. 5 In 
addition, the pathogenesis of GERD-induced respi- 
rato W s~lnptoms is nmltifactorial. They  may be due 
to (1) activation by the refluxed material of a vagal re- 
flex with consequent bronchoconstriction or (2) mi- 
croaspiration of gastric contents..adthough the former 
mechanism would only require reflux from the stom- 
ach into the distal esophagus, the latter would require 
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reflux into the proximal esophagms and spillage into 
the tracheobronchial tree. 

The  most proximal extent of reflux seems to be 
more important than previously thought. For in- 
stance, Johnson et al.ll found that the puhnonary dis- 
ease in progressive systemic sclerosis was a complica- 
tion of gastroesophageal reflux and occult aspiration. 
More recently Tobin et al. ~2 demonstrated that pa- 
tients with idiopathic pulmona W fibrosis often have 
increased esophageal acid exposure, mostly at night 
and frequently into the proximal esophagus. Such 
findings suggest that control of reflux might halt pro- 
gression of the pulmona W disease. 

Prolonged pH monitoring should be the best way 
to establish a correlation between reflux and respi- 
ratory symptoms, s,9,11,~2 l, Ve compared the pH trac- 
ings with entries in the patient's concurrent  diary, 
and considered cough to be due to reflux only when 
the two occurred within 3 minutes of each other. A 
pH probe was used with two sensors located 15 cm 
apart to measure the amount and extent of reflux. 
,am acid pH as far as the upper esophageal sphincter 
would indicate more proximal reflux and presum- 
ably would enhance the likelihood that the respira- 
to W symptoms were due to aspiration of the reflux- 
ate. ~ This finding might influence the choice of 
therapy. 

Predictive Value of 24-Hour pH Monitoring 

The results of the pH monitoring study identified 
which patients with respiratory symptoms were more 
likely to benefit from antireflux surgery. Cough re- 
solved in 19 (83%) of 23 patients when a correlation 
between cough and reflux was detected during pH 
monitoring, but in only 8 (57%) of 14 of patients 
when no correlation was seen. Furthermore, cough 
resolved in 77% of patients who had a correlation be- 
t~veen cough and acid in the distal esopha~ts (see Fig. 
2), but it resolved in 90% of patients when the cough 
was associated with acid in the proximal as well as the 
distal esophagus (see Fig. 3). 

Others have reported that reflux as far as the prox- 
imal esophagus is a predictor of a good response to 
medical antireflux therapy in patients with asthma, s 
In addition, our data suggest that the correlation be- 
tween symptoms and proximal reflux foreshadows a 
good response to surgical therapy. In fact, even 
though patients in group A had more proximal reflux, 
patients in groups B and C had a better correlation 
between symptoms and reflux. The better results of 
fundoplication in group C suggest that aspiration 
caused their s}Inptoms, and aspiration was stopped by 
the operation. 

Effect of Laparoscopic Fundoplication 
on GERD-Induced Respiratory Symptoms 

Most candidates for laparoscopic fundoplication 
have heartburn and have been treated with acid- 
reducing medications. Symptoms have been shown 
to be an unreliable indicator of reflux, 13 and en- 
doscopy is imprecise in diagnosing nonerosive 
esophagitis. 14 Therefore esophageal manometry and 
pH monitoring should usually be performed preop- 
eratively to define the presence and magnitude of re- 
flux. Laparoscopic fundoplication eliminates heart- 
burn and regurgitation in approximately 90% of pa- 
tients selected in this way.  2 

The  effects of  fundoplication on respiratory 
symptoms is less predictable. Before antireflux sur- 
get T was done laparoscopicall~, there were few ob- 
jective data describing the effects of fundoplication 
on respiratory symptoms, t°,~5 For instance, Pelle- 
grini et al. Is performed Nissen fundoplications in 
five patients thought to have GERD-induced aspi- 
ration. Respirato W symptoms resolved in all. In re- 
cent years the number of patients undergoing lapa- 
roscopic antireflux surgery has increased greatly, 
which has allowed the question to be examined more 
thoroughly. 1,2 Hunter  et al.I performed laparoscopic 
fundoplication in 300 patients, 87 of" whom (29%) 
had respiratory symptoms. Resolution or improve- 
ment of respiratory symptoms occurred in 76 pa- 
tients (87%). One group suggested that respirato W 
symptoms are more often relieved by antireflux sur- 
ge W when esophageal motor function is normal than 
when it is abnormal. ~ In our experience the results 
were similar after total or partial fundoplication, and 
the outcome was unrelated to the presence or mag- 
nitude of esophageal motor dysfunction. 

C O N C L U S I O N  

During the past 10 years major progress has 
been made in understanding the pathophysiology 
of GERD-induced  respiratory" symptoms. Pro- 
longed pH monitor ing has emerged as the key 
test to establish this correlation and is useful in pre- 
dicting the outcome of therapy. Although typical 
and atypical symptoms respond satisfactorily to 
medical therapy in some patients, s,la others clearly 
benefit from surgeDT. 4 The m'o approaches differ in 
important  ways, however. Acid-reducing medica- 
tions change the pH of the refluxate, but reflux per- 
sists. Antireflux surgery, on the other hand, perma- 
nently corrects reflux altogether. The  challenge 
is to identify which patients will benefit from sur- 
ge W and to operate before the lungs become irre- 
versibly damaged. 
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Nonsteroidal Anti-Inflammatory Drugs Attenuate 
Proliferation of Colonic Carcinoma Cells by 
Blocking Epidermal Growth Factor-Induced 
Ca++ Mobilization 
Ez'an R. Kokoska, M.D., Grego* 3, S. Smith, Ph.D., Thomas A. Mille,; M.D. 

Numerous studies suggest that nonsteroidal anti-inflammatot T drugs (NSMDs) inhibit colorectal car- 
cinogenesis. We have previously reported that NSAIDs, in human colonic carcinoma cells (Caco-2), at- 
tenuate epidermal growth fiactor (EGF)-induced cellular proliferation through a process independent of 
their inhibitory effects on prostaglandin synthesis. Furthermore, separate studies have also suggested 
that NSAIDs inhibit EGF-induced store-operated Ca + + influx. Thus we developed the hyqpothesls that 
NS~MDs may limit the activit3. ~ of EGF by altering intracellular Ca ++ ([Ca*+],) mobihzation. Serum- 
deprived Caco-2 cells were employed for all experimentation. [Ca++], was measured with Fluo-3 and 
extracellular Ca + + influx was monitored by quenching Fluo-3 fluorescence with Mn + +. Proliferation was 
quantitated with two assays: cellular nucleic acid and total protein content. Caco-2 cells exposed to EGF 
demonstrated an initial increase in [Ca+*], which was blocked by neomycin, an inhibitor of IP~ genera- 
tion, and the phospholipase C inhibitor U73122 but not U73343 (inactive control). This was followed by 
sustained extracellular Ca + + influx, which was attenuated with calcium-free buffer ( -Ca  ÷ +), the store- 
operated Ca + ÷ channel blocker lanthanum, indomethacin, ibuprofen, and aspirin. In subsequent studies, 
cells were treated with either serum-free media or EGF +_ the aforementioned inhlbitors, and again 
serum starved. Cells exposed to EGF _+ the inactive phospholipase C inhibitor U73343 demonstrated a 
significant increase m nucleic acid and protein. However, proliferation induced by EGF was not observed 
when [Ca*+], elevation was prevented by blocking either internal Ca + + store release via phospholipase 
C/IP~ or sustained Ca + + influx through store-operated Ca + + channels. Sustained [Ca+ *], elevation, as in- 
duced by EGF, appears to be required for mitogenesis. These data support our premise that one mech- 
anism whereby NS.MDs may attenuate colonic neoplasia is by blocking EGF-induced Ca + + mobilization. 
(J GASTROINTEST SURG 2000;4:150-161.) 

KEY V~'ORDS: Caco-2 cells, calcium, epidermal growth factor, colorectal cancer, NSAIDs 

Recent laboratoD~, animal, epidemiologic, and clin- 
ical investigations suppor t  the concep t  that  non-  
steroidal ant i - inf lammatory drugs (NSAIDs) inhibit  
both the initiation and proliferation of  colorectal tu- 
n]ors.l-4 Although several studies have suggested that 
endogenous  prostaglandins  play a large role, 5-~ a 
growing body of  evidence suggests that NSAIDs may 
at tenuate  colorectal  carcinogenesis  independen t  of  
their inhibito W effect on prostaglandin synthesis2 -~l 
Thus ,  despite significant research, the exact mecha- 

nism(s) whereby NSAIDs limit colonic neoplasia re- 
main elusive. 

XVe have recent ly  investigated the effect  o f  
NS,MDs on cellular proliferat ion in human colonic 
carc inoma cells (Caco-2).  Al though N S A I D  treat-  
ment  (indomethacin, ibuprofen, or aspirin) did not in- 
hibit  g rowth  in cells t reated with only  se rum-f ree  
medium, NSAID treaunent  did significantly attenuate 
protein and nucleic acid synthesis induced by the mi- 
togen epidermal  growth  factor  (EGF)  th rough  a 
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process that appeared to be independent of prosta- 
glandin synthesis inhibitionJ 2 Furthermore, separate 
studies have also suggested that NSMDs  inhibit 
EGF-induced store-operated Ca ++ influx (SOCI). 
Thus we have developed the hypothesis that NSMDs 
may limit the activity of EGF by altering intracellular 
Ca ++ ([Ca++]~) mobilization. The connection, how- 
ever, between EGF-induced Ca ++ mobilization and 
EGF-induced cellular proliferation remains poorly 
defined. The  major objectives of the current study 
were to investigate the mechanisms whereby EGF 
elicits changes in [Ca + +], and to determine if these ef- 
fects account for its mitogenic action. 

M E T H O D S  
Cel l s  

Caco-2 cells were obtained from American Type 
Culture Collection (Rockwille, Md.) at passage 15. 
Cells were maintained at 37 ° C in an atmosphere of 
5% CO, and 100% relative humidity and were split 
on a weekly basis at a ratio of 1:6 on reaching conflu- 
ency. Cells were detached using 0.5 g porcine trypsin 
and 0.2 g EDTA tetrasodium per liter of Hank's bal- 
anced salt solution (HBSS), and then plated onto ei- 
ther 24- or 48-well plates (Costar, Cambridge, Mass.) 
for experiments or into 150 cm 2 flasks for propaga- 
tion. Cell passage was maintained between 50 and 
65 and media were changed every 2 to 3 days. Caco-2 
media consisted of Eagle's minimum essential medium 
(MEM) with nonessential amino acids supplemented 
with either 20% fetal bovine serum or 1% fetal 
bovine serum (serum-free medium), 100 gg/ml peni- 
cillin, 100 txg/ml streptomycin, and 0.25 p.g/ml am- 
photericin B. Serum deprivation was initiated at 80% 
confluence; and all experiments were performed fol- 
lowing 48 hours of serum starvation. 

S o l u t i o n s  

Prior to all experiments assessing changes in 
[Ca++], media were aspirated and replaced with 
HBSS plus 10 mmol/L HEPES (H 8264, Sigma, St. 
Louis, Mo.; consisting of the following: 137 mmol/L 
NaCl, 5.7 mmol/L NaHCO~, 5.3 mmol/L KC1, 1.26 
mmol/L CaCI2, and 0.8 mmol/L 1\~g804). Experi- 
ments invoMng Ca + +-free buffer used HBSS plus 10 
mmol/L HEPES and 2 mmol /L BAPTA (HBSS 
( - C a  + +); H 6648, Sigma; consisting of 137 mmol/L 
NaC1, 5.7 mmol/L NaHCO~, and 5.3 mmol/L KC1). 
M1 test compounds were dissolved in either HBSS or 
HBSS ( -Ca+*) .  Epidermal growth factor (EGF), 
neomycin sulfate (neomycin), lanthanum chloride 
(La+++), indomethacin, acet3qsalicylic acid, and 
ibuprofen were obtained from Sigma. The  amino- 

steroids U73122 and U73343 were purchased from 
Calbiochem (La Jolla, Calif.). Treatment with the pre- 
ceding antagonists/inhibitors involved a 20-minute 
preincubation time followed by the addition of the re- 
spective inhibitor to all subsequent solutions within 
treatment groups. 

M e a s u r e m e n t  o f  [Ca++]i and Extracel lular  
Ca + + Inf lux 

Changes in intracellular Ca ++ concentration 
([Ca*+],) were quantitated as previously described 13 
using the single wavelength Ca + + indicator Fluo-3 
(Fluo-3, AM; Molecular Probes, Eugene, Ore.). Prior 
to loading with Fluo-3, cells were washed twice with 
HBSS. Fluo-3 was initially dissolved in Pluronic 
F-127 (20% solution in dimethylsulfoxide; Molecular 
Probes) to make a 1 mmol/L working solution and 
subsequently added to HBSS plus 1% fetal bovine 
serum for a final loading concentration of 4 gmol/L. 
Cells were then loaded with Fluo-3 for 50 minutes at 
25 ° C in an atmosphere of 5 % CO, and 100% relative 
humidity. 

Caco-2 cells were then washed three times to en- 
sure removal of all unloaded Fluo-3 and control and 
test solutions were added to the respective wells. At 
each time point, intracellular Ca + + concentration was 
calculated using the following equation: 

[Ca* ÷], ( n m o l / L )  = K,i 
(F-From) 

(F,,,,,-F) 

where F ..... = 1.25 F.xlncl, --0.25 F ..... and K,i = 400 
nmol/L. 14 The maximum fluo-3 signal, or F ....... was 
determined by permeabilizing Caco-2 cells with 50 
txmol/L digitonin (Sigma). The  Fluo-3 signal was 
quenched to obtain F\h,Cl: using 2 mmol /L MnC1, 
and 50 Ixmol/L digitonin. Tetrakis (2-pyridylmethyl) 
eth}qenediamine (TPEN;  50 gmol/L, Molecular 
Probes) was used in all solutions as a hea W metal 
scavenger, i s 

It is well accepted that manganese (Mn ++) can be 
used as a Ca ++ surrogate to estimate extracellular 
Ca ++ influx through the plasma membrane. 16 In sep- 
arate experiments, Mn ++ uptake was monitored by 
quenching Fluo-3 fluorescence with the addition 
of 2 mmol/L MnC12 to all solutions (control and 
experimental). Data are presented as mean relative 
fluorescence. 

Continuous fluorescent signals during both proto- 
cols were quantitated using a CYTOFLUOR II fluo- 
rescent multiwell plate reader (PerSeptive Biosystems, 
Framingham, Mass.) employing 485 nm and 530 nm 
as the excitation and emission spectra, respectively. 
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Cells were maintained throughout the experiments at 
a temperature of 37 ° C with a heated stage. 

Measurement of Cellular Proliferation 

Cellular proliferation was estimated by measuring 
nucleic acid and, in separate samples, protein. A 
C y Q U A N T  proliferation assay kit (C 7026; Molecu- 
lar Probes) was employed to measure total nucleic 
acid. This assay relies on a green fluorescent dye, 
which exhibits strong fluorescent enhancement when 
bound to cellular nucleic acids. Protein levels were 
quantitated with a NanoOrange protein quantitation 
kit (N 6666; Molecular Probes). This assay is based 
on the binding of a fluorescent dye to the detergent 
coating and hydrophobic regions of proteins. For 
both assays, a C'tq7OFLUOR II fluorescent multiwell 
plate reader (PerSeptive Biosystems) was utilized em- 
ploying the following spectra: 485 nm (excitation) and 
530 nm (emission) for C y Q U . ~ q T  or 485 nm (exci- 
tation) and 590 nm (enfission) for NanoOrange. Data 
for both protein and nucleic acid are presented as 
mean relative fluorescence. 

Experimental Design 

We initially verified our in vitro model of cellular 
proliferation and compared nucleic acid and protein 
synthesis induced by EGF to 20% fetal bovine serum. 
The next experiment was designed to determine the 
optimal time duration of EGF treatment required to 
elicit cellular proliferation. In the third and fourth ex- 
periments, we investigated the mechanism(s) whereby 
EGF elicits changes in [Ca++],. The role of phospho- 
inositide-specific phospholipase C (PLC) and subse- 
quent inositol 1,4,5-trisphosphate (IP3) generation 
was determined using the aminosteroid U73122, an 
inhibitor of  PLC catalyzed hydrolysis of  phos- 
phatidylinosotol 4,5-bispl~osphate (PIP2), its inactive 
analogue U73343, and neomycin (an inhibitor of IP~ 
generation), iv.is The mechanism of sustained influx of 
extracellular Ca ++ was investigated with Ca**-free 
buffer and the store-operated Ca ++ channel (SOCC) 
blocker lanthanum (La+++). 16 Inhibition of EGF- 
induced SOCI by NSAIDs was also verified employ- 
ing the current experimental conditions. In subse- 
quent studies, cells were serum starved (48 hours), 
pretreated (20 minutes) with either HBSS or the 
aforementioned inhibitors, treated (30 minutes) with 
either serum-free medium (MEM) or EGF, and again 
serum starved (48 hours) to determine what effect 
EGF-induced Ca +* mobilization may have on EGF- 
induced nucleic acid and protein s)althesis. Finally, to 
rule out the possibility, that any inhibition of EGF- 
induced mitogenesis may be a result of inhibitor ac- 

tivity unrelated to EGF-induced Ca + + mobilization, 
cells were serum starved (48 hours), treated (30 min- 
utes) with either serum-free medium (MEM) or 
EGF, subsequently treated (20 minutes) with the 
aforementioned inhibitors, and again serum starved 
(48 hours). 

Statistics 

Statistical evaluation was performed by analysis of 
variance with a Scheffe post hoc test. Data (n = 8 to 
12 per group) are reported as mean + standard error 
of the mean. A P value <0.05 was taken to represent 
statistical significance. 

R E S U L T S  
EGF-Induced Cellular Proliferation 

Preliminary data suggested that concentrations of 
EGF ranging from 10 to 1000 ng/ml elicited elevated 
but similar growth rates in treated Caco-2 cells, 
whereas lower EGF concentrations (l ng/ml) did not 
appear to induce cellular proliferation (data not 
shown). Thus the lowest mitogenic concentration of 
EGF (10 ng/ml), a concentration considered to be 
physiologic, was employed for all subsequent experi- 
mentation. Caco-2 cells serum deprived (1% fetal 
bovine serum) for 48 hours demonstrated a plateau of 
nucleic acid and protein levels. Subsequent treatment 
with EGF (10 ng/ml) initiated a significant increase 
in both nucleic acid and, at a later time point, protein 
synthesis when compared to cells subsequently 
treated with only 1% fetal bovine serum. However, 
cells subsequently treated with 20% fetal bovine 
serum demonstrated higher nucleic acid and protein 
levels when compared to cells exposed to EGE These 
data are shown in Fig. 1, A and B, and suggest that 
although EGF is a potent mitogen for quiescent 
cells, greater proliferation is induced with 20% fetal 
bovine serum. 

Effect of Treatment Duration 

In separate studies, Caco-2 cells were serum de- 
prived for 48 hours, treated with EGF for variable 
time periods, and again serum deprived for a time pe- 
riod of 48 hours minus the EGF treatment duration. 
Cells treated with EGF for less than 20 minutes 
demonstrated nucleic acid and protein levels similar 
to those of control cells. Interestingly, cells treated for 
longer incubations (30 minutes to 48 hours) achieved 
increased and similar growth rates. These data are 
depicted in Fig. 2 and demonstrate that the signal 
whereby EGF elicits mitogenesis occurs within a rel- 
atively short period of time. 
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Fig .  1. Nuc le i c  acid (A) and p ro t e in  (B) levels m Caco-2  cells fo l lowing 48 hours  o f  s e r u m  depr iva t ion  
and s u b s e q u e n t  t r e a t m e n t  wi th  e i ther  1% fetal b o v m e  s e r u m  (FBS), ep ide rma l  g r o w t h  fiactor (EGF), or  
20% FBS (* = P <0.01 vs. cells t r ea ted  wi th  M E M  alone;  t = P <0.01 vs. cells t r ea ted  wi th  E G F ;  n = 
12 per  group) .  

E G F - I n d u c e d  Ca ++ Mobi l i zat ion  
(Intracellular Ca + + Stores)  

Previous data have suggested that EGF may ini- 
tially increase [Ca++], through the release of intracel- 
lular Ca + * stores. Caco-2 cells, following 48 hours of 
serum deprivation, exposed to 10 ng/ml EGF demon- 
strated an initial increase in [Ca+*}, present within 2 
to 3 minutes. Cells pretreated with neomycin (100 
~mol/L; 20 minutes) or U73122 (1 ~mol/L; 20 min- 
utes), and subsequently treated with EGF, displayed 
no such elevation in [Ca+*], and their levels were 
noted to be similar to control values. Cells pretreated 
with the inactive analogue U73343 (1 ~mol/L;  20 

minutes), however, and subsequently exposed to EGF, 
demonstrated no difference with regard to changes in 
[Ca*+], when compared to cells treated with only 
EGF. These data are shown in Fig. 3 and demonstrate 
that the initial increase in intracellular Ca ++ content 
induced by EGF involves the release of intracellular 
Ca ++ stores via a PLC- and IP3-related mechanism. 

E G F - I n d u c e d  Ca ++ Mobi l i zat ion  (SOCI)  

Following the initial increase in [Ca++],, Caco-2 
cells exposed to EGF demonstrated a sustained ele- 
vation lasting up to 20 minutes (data not shown). Pre- 
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Fig. 2. Effect of epidermal growth fiactor (EGF) treamlent duration on nucleic acid (A) and protein (B) lev- 
els in Caco-2 cells following 48 hours of serum deprivation (* = P <0.01 vs. control; n = 6 to 12 per group). 

limina W data have suggested that this plateau is a re- 
sult of the influx of extracellular Ca ++ through 
SOCCs. 19 Sustained intracellular Ca ++ elevations 
(4 to 12 minutes) were not obser~;ed in cells treated 
with 10 ng/ml EGF in the absence of extracellular 
Ca ++. Quenching of Fluo-3 fluorescence by Mn ++ 
was first evident 8 minutes after EGF exposure, which 
suggests the influx of extracellular Ca + + over this trine 
period. Pretreatment of Caco-2 cells with the SOCC 
blocker La +++ (25 I.tmol/L; 20 minutes), alone, did 
not significantly affect intraceUular Ca + + levels (data 
not shown) but did inhibit both the sustained intra- 
cellular Ca ++ plateau and Mn ÷+ uptake following 
EGF treatment. Pretreatment of cells with nondam- 
aging, physiologically appropriate concentrations of 
indomethacin (5 txmol/L; 20 minutes), ibuprofen 
(10 gmol/L;  20 minutes), and acetylsalicylic acid 

(20 ~unol/L; 20 minutes) equally inhibited the influx 
of extracellular Ca + + as determined by both [Ca + +], 
measurements and Mn *+ influx. These data, depicted 
in Fig. 4, are consistent with the concept that the sus- 
tained Ca ++ elevation, as induced by EGF, is medi- 
ated by the influx of extracellular Ca +* through 
SOCCs. Furthermore, EGF-induced SOCI appears 
to be inhibited by NSAIDs in a manner yew similar 
to the SOCC blocker La +++ 

E f f e c t  of  Ca  ++ Signal ing on  
E G F - I n d u c e d  M i t o g e n e s i s  

Caco-2 cells, following 48 hours of serum depriva- 
tion and subsequent pretreatment (20 minutes) with 
or without the aforementioned inhibitors, were then 
exposed to either 1% fetal bovine serum or 10 ng/ml 
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E G E  Cells exposed to EGF, with or wi thout  pre- 
t reatment  with the inactive P L C  inhibitor U73343, 
demonstrated a significant increase in nucleic acid and 
protein levels when compared to cells subsequently 
treated with only 1% fetal bovine serum. In contrast, 
EGF- induced  nucleic acid or protein synthesis was 
not observed when any of  EGF's  effects on changes 
in intracellular Ca ++ were prevented: internal store 

release via P L C  and IP 3 (neomycin or U73122 pre- 
t reatment)  or sustained extracellular Ca ++ influx 
th rough  S O C C s  (Ca++-free buffer, La +++, indo- 
methacin, ibuprofen, or acetylsalicylic acid pretreat- 
ment). These data are depicted in Fig. 5, A and B. 

Finalb; Caco-2 cells were serum starved (48 hours), 
t reated (30 utinutes) with ei ther  1% fetal bovine 
serum or 10 m g / n d  EGF, subsequently treated (20 
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Fig. 6. Effect of posttreatment with either neomycin (an inhibitor of IP; generation), the phospholipase 
C inhibitor U73122 or its inactive analogue U73343, La** ~, or various NSAIDs on nucleic acid (A) and 
protein (B) synthesis induced by epidermal growth factor (EGF) following 48 hours of serum depriva- 
tion (* = P <0.01 vs. 1% fetal bovine serum (FBS) treatment; n = 12 per group). 

minutes)  with the a forement ioned  inhibitors,  and 
again serum starved (48 hours). Cells treated with 
E G E  as previously shown, demonstrated significantly 
increased nucleic acid and protein synthesis when 
compared to cells treated with only MEM.  However, 
when cells were exposed to E G F  and subsequently ex- 
posed to the aforementioned inhibitors of  EGF- in-  
duced Ca ++ mobilization, we observed no difference 
with regard to either nucleic acid or protein levels 
when compared to cells t reated with E G F  alone. 
These data, depicted in Fig. 6, suggested that inhibi- 

tion of EGF-induced mitogenesis, as shown in Fig. 5, 
was a result of  inhibi tor  ac tMtv  directly related to 
EGF-induced Ca + + mobilization. 

D I S C U S S I O N  

Previous studies from our laboratory have sug- 
gested that NSAIDs inhibit EGF-induced mitogene- 
sis by blocking EGF-induced  Ca +* signaling. Thus  
we speculated that EGF-induced Ca + + mobilization 
was a prerequisite for subsequent cellular prolifera- 
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tion. The  current report strongly suggests that 
changes in Ca ++ concentration, as induced by EGE is 
required for mitogenesis. Several lines of evidence 
support this contention. The signal whereby EGF ini- 
tiates the process of proliferation occurs within a rel- 
atively short period of time (30 minutes). This early 
signal appears to involve the initial release of Ca ++ 
through the release of  intracellular Ca ++ stores via 
PLC activation and IP3 generation followed second- 
arily by the sustained influx of extracellular Ca ++ 
through SOCCs.  The  prevention of  increases in 
[Ca++], with various inhibitors of Ca ++ signaling, 
which in and of themselves appear to have little effect 
on EGF-induced cellular proliferation, significantly 
inhibits EGF-induced mitogenesis. Finall), the man- 
net whereby NSAIDs inhibit EGF-induced mitogen- 
esis is very similar to other conditions in which EGF- 
induced SOCI is blocked (Ca + +-free media or the use 
of the SOCC blocker La+++). Thus the current study 
supports our premise that NSAIDs may attenuate 
colonic neoplasia by inhibiting EGF-induced Ca ++ 
mobilization. 

Caco-2 cells, derived from a human colonic carci- 
noma, were employed in the current study because 
these cells have been shown to possess EGF recep- 
tors e° and have previously been shown to demonstrate 
physiologic responses to EGE :l Although these cells, 
when grown to postconfluency, have the unique abil- 
ity to polarize, differentiate, and develop morphologic 
characteristics of normal enterocytes,-'-' Caco-2 cells 
are more tTpical of colonic carcinoma cells early after 
plating. For these reasons, all experimentation was 
initiated when cells were 80% confluent. To date, we 
have not investigated the actions of EGF in other hu- 
man colonic carcinoma cell lines. 

Our observations regarding the mechanism 
whereby EGF elicits changes in [Ca + +], are consistent 
with the literature. Several reports have suggested 
that EGF, after receptor binding, activates its 9TO- 
sine-specific protein kinase activig~, which results in 
the subsequent phosphowlation of several substrates 
including PLC. Meisenhelder et al. -'3 investigated the 
responses of both quiescent 3T3 mouse fibroblasts 
and A431 human epidermoid cells to EGF. They ob- 
served that EGF treannent resulted in the rapid phos- 
phoD'lation of PLC tTrosines and serines and a sub- 
sequent increase in phosphatidylinositol turnover, 
suggesting that PLC is a substrate for EGF receptors. 
Prior work with mouse intestinal epithelial cells -'4 and 
pancreatic AR42J es cells has demonstrated that the 
initial increase in [Ca++],, as induced by EGF, was 
blocked by the PLC inhibitor U73122, but not the 
inactive agent U73343. These data confirm our ob- 
servations and further suggest that EGF elicits an in- 
crease in PLC activi9 ~. 

Following an initial increase in [Ca++], an effect 
that is likely the result of PLC stimulation followed by 
IP 3 generation and the release of intracellular Ca + + 
stores, EGF elicits a prolonged phase of increased 
intracellular Ca + ÷ levels that appears to involve the in- 
flux of extracellular Ca + + through voltage-independent 
Ca ++ channels (or SOCCs). Magni et al. -v' reported 
that the EGF-induced sustained elevation in [Ca++],, 
in NIH-3T3 fibroblasts, was blocked by the imidazole 
derivative SC 38249, an SOCC blocker, in a manner 
very similar to cells tested after extracellular Ca + ÷ was 
chelated with excess EGTA. Zhang et al. 2r also ob- 
sen'ed that the entry of extracellular Ca + + in hepato- 
cytes, following EGF treatment, was not mediated by 
voltage-dependent Ca ++ channels. In support of the 
current stud.~ both Magni et al. :a and Zhang et al. e7 
also reported that the mitogenic effect of  E GF  in 
these two cell lines was inhibited when EGF-induced 
SOCI was prevented. 

Previous work has also suggested that NSAIDs 
may inhibit Ca ++ translocations involved with early 
cellular signaling. Abramson et al. zs reported that in- 
domethacin (30 ~tmol/L), piroxicam (50 brutal/L), or 
sodium salicylate (3 m m o l / L  ) inhibited Ca + + uptake 
and increases in cytosolic Ca + + in human neutrophils 
stinmlated by fMet-Leu-Phe through a process in- 
dependent of any alteration of the affinity of fMet- 
Leu-Phe binding. Canesi et al. > investigated the 
EGF-activated signal transduction pathway in isolated 
digestive gland cells from mussels. They  observed 
that indomethacin (20 ~mol/L) blocked both EGF- 
induced Ca + + influx and subsequent mitogenesis. 

Thus results from our laboratory and others sug- 
gest that Ca ++ signaling, as induced by EGF, may 
play a role in stimulating quiescent (GO) cells to 
progress through G1 to DNA synthesis in S phase. 
Barbiero reported that BALB/c3T3 fibroblasts, fol- 
lowing serum deprivation, exposed subsequently to 
fetal bovine serum demonstrated increases in 
[Ca + +],)0 Furthermore, the addition of an extracellu- 
lar Ca ++ chelator (3 mmol/L EGTA) or the SOCC 
blocker SKF-96365A caused a significant reduction in 
fetal bovine serum-induced proliferation. Estacion 
et a l )  I obsem'ed that either low extracellular Ca + * or 
the SOCC blocker La +++, both of which blocked 
platelet-derived growth factor (PDGF)-act ivated 
Ca ++ influx, also inhibited PDGF- induced  DNA  
synthesis. 

Mthough there appears to be a linkage between el- 
evations in [Ca++], and mitogenesis, this mechanism 
is not well understood. One explanation may be that 
Ca ++ influxes play an important role in activating mi- 
togen-activated protein (MAP) kinases, which appear 
to be essential for the proliferative response of cells. 
Agents such as EGF, associated with proliferation, 
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EGF Receptor activation ~ . / P L C  a c t i v a t i o ~  

IP3 generation DAG production 

l \ 
Release of internal Ca+" stores PKC activation 

Sustained influx of extracellular Ca +. 
through SOCCs ~ MAP-kinase activation 

NSAIDs Mitogenesis 

Fig. 7. Proposed schematic of one mechanism whereby nonsteroidal anti-inflammatory drugs (XSAIDs) 
may inhibit  mitogen-stimulated cellular proliferation (PLC = phospholipase C; DAG = diacylglycerol; 
IP~ = lnositol 1,4,5-trlsphosphate; PKC = protein kinase C; SOCC = store-operated calcium channel; 
~'L~P kinase = mitogen-activated protein kinase). 

produce short-lived increases in MAP kinases, 
whereas those that cause differentiation produce 
longer lived elevations, which are sustained for 
hours. 32 Kavanagh et al. 33 investigated the role of 
Ca +* fluxes in the activation of MAP kinases induced 
by low doses of ionizing radiation in A431 cells. They 
reported that the addition of either the intracellular 
Ca ++ chelator BAPTA/.~M, the Ca ++ antagonist 
TMB-8, or the PLC inhibitor U73223 blocked radi- 
ation-induced Ca ++ oscillations and inhibited ~.LCP 
kinase stimulation. Interestingly, quiescent fibroblasts 
grown in nominal Ca ++ (0.1 retool/L) and then 
briefly exposed to 1 mmol/L Ca ++, in the absence of 
other protein growth factors, demonstrated ~L&P ki- 
nase activation in a manner quite similar to that of 
cells exposed to other mitogens such as EGF. 34 Pro- 
tein kinase C may also play an important role in initi- 
ating the ~.'LAP kinase cascade. Diacylglycerol, gener- 
ated as a product of PLC activit); in combination with 
an elevation in [Ca++],, is known to activate various 
protein C kinase isoforms. ~5 Soltoff ~' reported that 
both [Ca++], elevations (via IP3) and diacylglycerol- 
activated MAP kinase in PC12 cells in a EGF 
receptor-dependent manner. 

Despite numerous investigations, the exact mecha- 
nism(s) whereby EGF stimulates DNA synthesis in 
any cell ty.-pe remains unknown. However, evolving 
data suggest that an early elevation in [Ca~-*]~ may be 
a critical step in the cellular physiologic response 
characterized bv a cascade initiated by substrate acti- 

vation through the activation of kinases and phos- 
phatases that link mitogenic receptor activation to the 
proliferative response. XVe propose that one mecha- 
nism whereby NS.MDs may ultimately attenuate 
colonic neoplasia is by blocking at least one step in 
this cascade-mitogen-induced Ca ++ mobilization 
(Fig. 7). 
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Discussio1  
D~: B. Wamzer (Cincinnati,  Ohio). W h y  did you choose 

the Caco-2 cell line? As you lotow, it is a d i f ferenuated  
colon cancer cell line. Have you examined other cell lines? 
It seems that the t3.Tosine kinase cascade to phosphohpase C 
is a generalized mechanism, which may begin with other  

types of  growth factors. Did you study growth factors other 
than E G F  in terms of  inhibition of  proliferation? Finally, 
relevant to ) 'our overall hypothesis, you are suggesting that 
NS.MDs lessen metastasis or lessen the risk for cancer by 
inhibi t ing growth factor- induced proliferation. I am un- 
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aware of  data to suggest that there is increased EGF recep- 
tor signaling in colon cancer or a correlation between EGF 
receptor quantit T and colon cancer biology. 

Dr. E. Kokoska. "~Ve investigated Caco-2 cells because 
they were well differentiated, and I think the less differen- 
tiated cell lines may be less responsive to growth hormones 
or m~togens. We have not investigated other cell lines. I 
want to stress that serum deprivation was initiated when 
cells were 80% confluent and that the cells were 2 to 3 days 
post confluent when the experiments ended. V~e wanted to 
work with the colorectal carcinoma side of  Caco-2 so we 
did not allow cells to become post confluent 7 to 10 days, at 
which time they take on characteristics of  small bowel ep- 
ithelium. We have not looked at other  growth factors. 
Many but not all other growth ['actors elicit calcium signal- 
ing similar to EGF, so it would be interesting to see if those 
that do not behave in a different manner. Finally, I think 

that this is just one small piece of  the puzzle with regard to 
the effect of  NSAIDs on colon carcinogenesis. There  are 
data suggesting that NSAIDs may be involved with apop- 
tosis and other work looking at the immunomodulating ef- 
fects of  NSAIDs. But we think that cellular antiprolifera- 
tion is one of  the nonsteroidal effects. 

Dr. B. Bass (Baltimore, Md.). I am interested in your 
choice of  measurements of  growth, namely, nucleic acids 
and proteins. Have you looked at the more conventional 
measures of  growth such as cell counts and tritiated thymi- 
dine uptake? 

Dr. Kokoska. I like to avoid radioactivity if I can, and I 
have found these assays to be extremely sensitive. Both as- 
says were used previously to quantitate nucleic acids and 
proteins for gel loading, and I found them to be extremely 
sensitive and fairly easy to perform. I have not correlated 
them with other measures of  proliferation. 



Hepatic Resection Using Intermittent Vascular Inflow 
Occlusion and Low Central Venous Pressure 
Anesthesia Improves Morbidity and Mortality 
Herbe~ Chell, :I.LD., Niptm B. Merchant, 3.LD., ,~btkmM S. DMolkm; 3LD. 

Hepatic resection results in significant morbidit T and mortality primarily related to intraoperative blood 
loss. Intermittent vascular inflow occlusion (VO) and low central venous pressure (CUP) during hepatec- 
tomy have been used to reduce blood loss. To determine the benefit of VO and low CVP, we reviewed the 
outcomes of 168 consecutive patients who underwent liver resection. The results of 78 patients who had 
undergone hepatic resection between 1993 and 1998 with the use of VO and low CVP (post-VO/CVP) 
were compared to the previous 90 patients who had undergone hepatectomy without VO and low CVP 
(pre-VO/C\~P) bet~veen 1979 and 1992. Hepatectomles were performed for metastatic disease (65%), 
hepatoma (20%), and benign minors (15 %). Resections included 18 trisegmentectomies, 67 lobectomies, 
and 83 segmental resections. Patients in both groups were similar with regard to extent of resection. 
Post-VO/CVP patients had significantly lower median estimated blood loss (725 ml vs. 2300 hal, 
P <0.001 ), less postoperative morbidity ( 10.3 % vs. 22.2 %, P = 0.038), lower in-hospital mortality (2.6% 
vs. 10%, P = 0.050), fewer days in the intensive care unit (1.6 _+ 0.1 days vs. 5.6 +_ 1.2 days, P = 0.003), 
and shorter overall length of stay (8.0 -+ 0.5 days vs. 15.0 = 1.6 days, P <0.001) than pre-VO/CVP pa- 
tients. These data suggest that VO and low CVP during liver resection may unprove patient outcomes. 
(J GASTROINTI-~ST SURG 2000;4:162-167.) 

KEY W O RI ) S :  Hepatic resecnon, central venous pressure, hepatic vascular inflow control, blood loss 

Liver resection remains the only potentially cura- 
tive t reatment  for hepatocellular carcinoma ~ and liver 
metastases f rom colorectal  cancer  2-4 and o the r  pri- 
ma W tumors.  5,6 Ear ly  exper ience with resect ion o f  
these tumors  resulted in significant morb id i ty  and 
mortality: 7,~ hnproved understanding of  hepatic phys- 
iolog7 and segmental anatomy of  the liver has led to 
advances in surgical and anesthetic technique for he- 
patic resection. These  improvements  have resulted in 
lower mortality; rates ranging from 2% to 5% in nmst 
modern  series of  liver resections. T h e  ntorbidity~ as- 
sociated with hepat ic  resect ion,  however,  remains 
high, ranging from 25% to 50%. 9-13 Recently several 
techniques such as total hepatic vascular exclusion, in- 
te rmi t tent  vascular inflow occlusion (VO), low cen- 
tral venous pressure (CVP) anesthesia, and acute iso- 

volemic hemodi lu t ion  have been shown to reduce 
blood loss during hepatic resection. 14 18 

We have been using a combinat ion of  VO and low 
CVP anesthesia during all hepatectomies since 1993 
in an effort  to reduce intraoperat ive blood loss and 
lower the risk of  severe hemorrhage. Intermit tent  vas- 
cular inflow occlusion, or the Pringle maneuver, min- 
imizes hepatic arterial and portal  blood flow to the 
liver during parench)Inal dissection. However,  a sub- 
stantial cause of  blood loss during liver resection can 
result from hepatic venous or inferior vena caval in- 
ju W. Low CV P  facilitates cont ro l  of  bleeding from 
hepatic veins by reducing the pressure gradient that 
promotes  bleeding through inadvertent  extrahepatic 
venous injuries as well as hepatic venous bleeding dur- 
ing parenchymal  dissection. Recent  studies have 
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shown that low CVP anesthesia can be safely used and 
results in reduced blood loss compared to other re- 
ported series, t6A9 However, the effect of VO in con- 
junction with low CVP anesthesia on morbidity and 
mortality after liver resection has not been clearly 
demonstrated. Thus, to determine the benefit of V 6  
and low C\,q ~ anesthesia, we reviewed the outcomes 
of 168 consecutive patients who underwent liver re- 
section beBveen 1979 to 1998, comparing patients 
who underwent liver resection by means of these 
techniques to those who did not. 

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

Bem~een 1979 and 1998, 168 consecutive patients 
undergoing liver resection were identified from a 
prospective database. One surgeon (M.S.D.) per- 
formed more than 90% of the operations. The most 
recent 78 consecutive patients (1993 to 1998) had 
undergone hepatic resection with the use of VO and 
low CVP anesthesia (post-VO/CVP) and were com- 
pared to the previous 90 patients (1979 to 1992) who 
had undergone hepatectomy without VO and low 
CVP anesthesia (pre-VO/C\rP). Patient demograph- 
ics, t)q0e of liver resection, estimated blood loss, over- 
all morbidit), and in-hospital mortalitT, as well as the 
length of stay in the intensive care unit (ICU) and in 
the hospital, were compared between the Bvo groups 
of patients. 

Technique of Liver Resection 

.~ter induction of general anesthesia, a CVP line 
was placed in the right internal jugular vein. A midline 
or bilateral subcostal incision was used. Intravenous 
fluid adnfinistration was minimized to maintain a CVP 
of less than 5 mm Hg and a urine output of at least 
25 ml/hr. After dissection of the hilar plate, inflow 
control was obtained by encircling the contents of the 
hepatoduodenal ligament with umbilical tape. The pa- 
tient was placed in the 15-degree Trendelenburg posi- 
tion to improve venous return and nfinimize the risk 
of air embolism. For major hepatic resections, the he- 
patic veins were controlled extrahepatically. Before 
transection of the liver parenchyma, small branches 
from the vena cava were controlled. Intermittent vas- 
cular inflow occlusion (Pringle maneuver) was 
achieved using a Rammel tourniquet for 10 minutes 
with 1- to 2-nfinute intervals of reperfusion during 
parench)anal transection. The liver parench)qna was 
divided by means of either a clamp-crush technique or 
a Cavitron ultrasonic surgical aspirator (\Talleylab, 
Inc., Boulder, Colo.). Structures within the liver 
parenchyma were clipped or ligated. CVP was main- 

tained below 5 mm Hg until the specimen was re- 
moved and adequate hemostasis was achieved. Addi- 
tionally, a Valsalva maneuver was used to check hepatic 
vein bleeding prior to closure of the abdomen. Euvo- 
lemia was then achieved with crystalloid and colloid 
fluid resuscitation. Cell Saver (Haemonetics Corp., 
Braintree, Mass.) was used to reinfuse lost blood in 
several cases. Packed cells and/or autologous units of 
blood were transfused to maintain a hemoglobin level 
between 8 and 10 g/dl. 

Definition of the extent of liver resection is as pre- 
viously described. 7,-'°,-~1 A right lobectomv refers to re- 
section of segments \ ,  VI, VII, and \.~II as per the 
Couinaud classification. A left lobectomy involves re- 
section of segments II, III, and IV. A right trisegmen- 
tectomy, also referred to as an extended right lobec- 
toiny, includes resection of segments I ~  \~ VI, VII, 
and VIII, whereas a left trisegmentectomy includes 
the resection of segments II, III, 1~, \ ,  and \rill.  Seg- 
mental resections refer to resection of one or Bvo in- 
dMdual segments as defined by the Couinaud classi- 
fication. 

Stat ist ical  Analysis 

Analysis of variance, log-rank, and chi-square tests 
were used to determine differences between the Bvo 
groups. Statistical significance was defined as a P value 
of <0.05. 

R E S U L T S  
Pa t i en t  Data 

The mean age of all 168 patients who undeBvent 
hepatic resection was 60 _+ 1 years, and 87 (52%) 
were women. Hepatectomies were performed for 
metastastic disease in 109 patients (65%), hepatoma 
in 34 patients (20%), and benign disease in 25 patients 
(I 5 %). A substantial number of patients had comor- 
bid conditions: 28 patients (17%) had chronic ob- 
structive puhnonary disease, whereas 28 (17%) had 
athlerosclerotic disease. Concomitant liver diseases 
including cirrhosis, alcoholism, and hepatitis were 
present in 13 (8%), 30 (18%), and five (3%) patients, 
respectivel): 

W h e n  comparing pre- and p o s t - V O / C V P  pa- 
tients, both groups were similar with regard to 
age, sex, and the prevalence of athlerosclerotic dis- 
ease, alcoholism, and hepatitis (Table I). More pre- 
VO/CXT patients had undergone liver resection for 
malignancy (90% vs. 77%, P = 0.021) and more had 
chronic obstructive pulmonary disease (22% vs. 
11%, P = 0.038). In contrast, p o s t - V O / C V P  pa- 
tients had a higher prevalence of cirrhosis (14% vs. 
2 %, P = 0.004). 
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Table I. Patient data 

P r e - V O / C V P  P o s t - V O / C V P  P va lue  

Age (mean _+ SEM) 59 _+ 1 yr 61 + 2 yr NS 
Female sex 52% 45% NS 
Malignant tumor 90% 77% 0.021 
Cirrhosis 2 % 14% 0.004 
Athlerosclerotlc disease 17 % 18 % NS 
Chronic obstructive pulmonary disease 22 % 11% 0.038 
.Mcohollsm 17 % 19% NS 
Hepatitis 3 %, 4% NS 

V O / C V P  = mte rnu t t en t  vascular inflo~ occlusion and hm central  venous pressure anesthesia;  S E M  = s tandard e r ror  of  the mean;  NS  = no t  sig- 

nificant. 

Table II. Types of liver resection performed* 

P r e - V O / C V P  P o s t - V O / C V P  Total 

Trisegmentectomy 10 (11%) 8 (10%) 18 (11%) 
Lobectomy 44 (49%) 23 (30%) 67 (40%) 
Segmental/wedge resection 36 (40%) 47 (60%) 83 (49%) 

TOT?d. 90 78 168 

V O / C V P  = mte rmi t t en t  vascular  inflow occlusion and low central  venous  pressure anesthesia.  

*P = not  s lgmficant .  

Table III. Median estimated blood loss 

P r e - V O / C V P  P o s t - V O / C V P  
(ml)  (ml)  P value 

2300 725 <0.001 
(range 50-2000) (range 50-6000) 

?dl patients 

By extent of hepatic resection 
Trisegmentectomy 6750 1400 

(range 3400-17,000) (range 1000-1900 
Lobectomy 2600 1000 

(range 500-20,000) (range 100-6000) 
Segmental resection 900 500 

(range 50-15,000) (range 50-2000) 

<0.001 

<0.001 

< 0.001 

V O / C V P  = mtcrnl~t tent  vascular  inflow occlusion and low central  venous pressure anesthesm. 

Type o f  Liver Resections 

Hepatic  resections included 18 trisegmentectomies 
(I 1%), 67 lobectomies (40%), and 83 segmental re- 
sections (49%). W h e n  compar ing  pre-  and post-  
V O / C V P  patients (Table II), there was a trend toward 
a h igher  p ropo r t i on  of  lobectomies  in the pre-  
V O / C \ s P  group (49% vs. 30%) and a higher nmnber  
of" segmental resections in the pos t -VO/CVP group 
(60% vs. 40%). However,  these differences were not  
statistically significant. 

Blood Loss 

P o s t - V O / C V P  patients had a significantly lower 
median  es t imated blood loss compared  to pre-  
V O / C V P  patients (725 ml vs. 2300 ml, P <0.001).  
Since blood loss often is related to the extent of  liver 
resection, and because there was a trend toward more 
major resections in the p r e - V O / C \ ' P  group, we then 
stratified blood loss according to the particular he- 
patic resect ion (Table III). Pat ients  in the post-  
V O / C V P  group  had significantly lower est imated 
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Table IV. Complications 

Total Pre-VO/CVP Post-VO/CVP 
(%) (%) (%) P value 

1~%und refection 10 (6) 6 (7) 4 (5) NS 
Postoperative bleeding 8 (5) 5 (6) 3 (4) NS 
Respirator3" failure 8 (5) 6 (7) 2 (3) NS 
Renal failure 7 (4) 5 (6) 2 (3) NS 
Reexploration 7 (4) 5 (6) 2 (3) NS 
Pneumonia  3 (2) 1 (1) 2 (3) NS 
Abdominal abscess/bile leak 7 (4) 6 (7) 1 (1) NS 

VO/CVP = mter[mttent vascular inflow occlusion and low central venotts pressure anesthcsm; NS = not sigmficant. 

100.0% 

80.0% 

60.0% 

40.0% 

20.0% 

0.0% 

p=0038 

22.2% 

[] pre-VO/CVP 

[]  post-VO/CVP 

p--0.050 

MORBIDITY MORTALITY 

Fig. 1. Liver resection using intermit tent  vascular lnf]ow OC- 

c lus ion  and low central venous pressure anesthesia ( V O / C \ ? )  
resulted in significantly lower morbidity and mortality com- 
pared to liver resecuon without VO/CVP. 

20.0 

t -~  

15.0 

10.0 

5.0 

0.0 
ICU STAY HOSPITAL 

STAY 

Fig. 2. Liver resection using intermittent  vascular inflow oc- 
clusmn and low central venous pressure anesthesia (VO/CVP) 
resulted m significantly shorter stays in the intensive care unit  
and hospital cotnpared to hver resection without VO/CVP. 

blood loss compared to pre-VO/C\q? patients whether 
they underwent trisegnmntectom}q lobectomy, or seg- 
mental resection. 

M o r b i d i t y  and  M o r t a l i t y  

T h e  overall complications in this series of 168 
patients are listed in Table IV. Although individual 
complications were not significantly different between 
the two groups, the pre-VO/C\rP group had an over- 
all morbidity rate of 22.2% compared to 10.3% for 
the pos t -VO/CVP group (P = 0.038) (Fig. 1). The  
in-hospital postoperative mortality rate was also sig- 
nificantly lower in the p re -VO/CVP patients com- 
pared to the pos t -VO/C\ ,~  patients (2.6% vs. 10%, 
P = 0.05). 

Length of Stay 

Lengths of stay in the ICU and hospital were also 
compared between the two groups (Fig. 2). Liver 
resection with VO and low C \ ?  anesthesia resulted 
in significantly shorter stays in the I C U  and hos- 

pital. The  mean lengths of stay in the ICU for pre- 
and post-VO/CV-P patients were 5.6 +_ 1.2 days and 
1.6 +_ 0.2 days, respectively (P = 0.003). The  mean 
total hospital lengths of stay for pre- and post- 
VO/CVP patients were 15.0 _+ 1.6 days and 8.0 _+ 0.5 
days, respectively (P = 0.001). 

DISCUSSION 

Intraoperative hemorrhage remains a major risk of 
performing hepatic resection and correlates directly 
with postoperative morbidit}< s In this report we have 
shown that the routine use of VO and low C \ ~  anes- 
thesia significantly reduces blood loss and lowers 
morbidity and mortality following hepatic resection. 
Furthermore, the use ot ~ these techniques shortens the 
ICU and total hospital lengths of sta}: 

The  use of inflow control and maintenance of low 
CVP during hepatic resection affords several advan- 
tages. Controlling the portal venous and hepatic arte- 
rial blood inflow to the liver during parenchymal dis- 
section allows for a bloodless field of dissection. This 
facilitates easy identification and control of intrahe- 
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patic structures resulting in a meticulous dissection of 
the liver along proper anatomic and se~nental planes. 
In addition, visualization and ligation of smaller ves- 
sels and bile ducts within the liver parench}tna also de- 
creases postoperative complications. 

Once hepatic inflow of blood is controlled, the 
risk of bleeding is primarily from hepatic veins dur- 
ing parenchymal dissection, mobilization of the 
liver from the inferior vena cava, or extrahepatic ve- 
nous control. Maintenance of a CVP below 5 mm 
Hg significantly reduces the pressure gradient  
across the hepatic veins and inferior vena cava re- 
suiting in a several-fold decrease in the blood loss 
associated with injuries to these vessels. With a low 
CVP, however, openings in these veins can increase 
the risk of air embolism. Therefore  patients are 
placed in a 15-degree Trendelenburg position. This 
reduces the risk of air embolism and also improves 
venous return to the heart, which may be compro- 
mised with a low CVE 

Other reports on the use of intermittent inflow oc- 
clusion and low CVP anesthesia have shown similar 
results. I~,16,19 Cunningham et al. I° showed in 100 con- 
secutive hepatic resections in which these techniques 
were used that estimated blood loss was 450 ml, 1000 
ml and 1300 ml for segmental resections, lobec- 
tomies, and trisegmentectomies, respectively. The 
overall morbidi~" in their study was 24% with an op- 
erative mortality of 3 %. 

Melendez et al. 16 recently described their experi- 
ence with 496 major liver resection using low CVP 
anesthesia. They  reported an in-hospital mortality 
rate of 3.8%, a median blood loss of 645 ml, and not 
a single episode of postoperative renal failure sec- 
onda W to the maintenance of a low CVP intraopera- 
tivelv. Their  results are very similar to the mortalit T 
rate of 2.6% and median blood loss of 725 nil seen in 
the post-VO/CVP patients in our study. The  inci- 
dence of renal insufficiency in our study was actually 
lower in the post-VO/CVP patients compared to the 
pre-VO/CVP patients (3% vs. 6%), and no patients 
had any permanent renal dysfunction. 

Arnoletti and BrodskT 15 reported a series of 34 pa- 
tients who underwent major liver resection for 
metastatic disease using total inflow occlusion and 
clamp-crush technique, and compared their outcomes 
to those of 15 patients who did not have inflow oc- 
clusion. They found that patients who had hepatec- 
tomy with inflow occlusion had a lower median blood 
loss, fewer administered units of transfused blood, and 
shorter stays in the ICU and hospital. These authors, 
however, found no differences in morbidit3." or mor- 
tality between the two groups in their small number 
of patients. 

To date, there has not been a randomized control 
study comparing low CVP anesthesia with standard 
anesthetic management. All of the reported series in 
which these techniques were used for liver resection 
are reports of outcomes alone. Our study compares 
two groups of patients, with and without the use of 
inflow control and low CVP over different time peri- 
ods. Clearly, improvements in anesthetic and ICU 
management could have had a significant impact on 
postoperative morbidit T and mortality. However, 
these prospective data do suggest that the use of low 
C \ ~  anesthesia and inflow control may improve pa- 
tient outcomes after hepatectomy. 

Several other techniques aimed at reducing blood 
loss during hepatic resection have also been described. 
Total vascular isolation of the liver during liver resec- 
tion has been used in a number of small series. 17._,_, Al_ 
though this allows blood-free transection of liver 
parenchyma, there is still the potential for bleeding 
when flow is restored. Futhermore, total vascular iso- 
lation has been associated with increased operative 
times, increased hepatic ischemic times, and increased 
morbidig, and has not been shown to reduce blood loss 
and/or transfusion requirements compared to inter- 
mittent inflow occlusion. J6.~ 7.22 In addition, a prospec- 
tive controlled trial comparing total vascular isolation 
to portal triad clamping showed no differences in op- 
erative blood loss be tween  the two techniques, l" Acute 
isovolemic hemodilution has also been used in small 
series of patients  14,23,:4 with some success. Acute iso- 
volemic hemodilution consists of the collection of the 
patient's blood after induction of anesthesia and simul- 
taneous replacement with crystalloid solution to main- 
tain an isovolenfic state. The patient is maintained at a 
hematocrit of 20% to 25% during surgeD'. The pa- 
tient's blood is administered intraoperatively after all 
surgical blood loss has ceased or in response to a he- 
mod~mamic necessity. Theoretically, blood lost during 
the operation is diluted, resulting in a lower net loss. 
Although acute isovolemic hemodilution has been used 
with some success to decrease transfusion require- 
ments, it has not led to a reduction in operative blood 
loss. 14 This technique is also time consuming and cum- 
bersome. Other techniques including intraoperative 
Cell Saver, preoperative autologous blood donation, 
el3<hropoietin administration, and intraoperative hy- 
povolemia have also been shown to decrease transfu- 
sion requirements tbllowing hepatic resection. 

C O N C L U S I O N  

The combination of intermittent vascular inflow 
occlusion and low C \ ~  anesthesia is a safe, effective 
technique to reduce the intraoperative blood loss that 



\~31.4, No. 2 
2000 Hepatectomy Usmg Inflow Occlusion and Lo~ C\~P 167 

occurs during liver resection. Patients who undergo 
hepatectomy with intermittent inflow occlusion and 
low C \ ~  have significantly lower blood loss, lower 
morbidity, and lower mortality compared to patients 
who do not. Furthermore, the reduction in blood loss 
and morbidity translates into shorter ICU and total 
hospital lengths of stay. Therefore the data favor the 
routine use of intermittent inflow occlusion and low 
CVP anesthesia during hepatic resection. 
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Isolated Right Segmental Hepatic Duct Injury: 
A Diagnostic and Therapeutic Challenge 
Keith D. Lillemoe, M.D., ffason A. Peu'ofskL 3,LD., Michael A. Choti, M.D., 
d,tbo,y C r>,br ,x ,  a LD., Job, k. Camero,, M.D. 

Biliary leaks and injuries are not an uncommon occurrence following laparoscoplc cholecystectom): Bile 
leaks associated with the biliary anatomic variant of a low-inserting right segmental hepatic duct can be 
particularly difficult to diagnose in that results of endoscopic retrograde cholangiography (ERC) are usu- 
ally interpreted as "normal" with no leaks demonstrated. The aim of this study was to describe a single 
institution's experience with nine patients with bilian/leaks associated with this anatomic variant and to 
discuss their management. A retrospective analysis of the hospital records of all patients with bile duct in- 
juries managed at a single institution between 1980 and July 1998, inclusive, was performed. Nine patients 
were identified as having an isolated right segmental hepatic duct injury associated with a biliary leak. 
Seven (78 %) of the nine patients had undergone a laparoscopic cholecystectom); whereas the remaining 
two patients (22%) had undergone an open cholecystectomy. MI of the patients had undergone endo- 
scopic retrograde cholangiography at outside institutions, the results of which had been interpreted as 
normal with no apparent leaks. The median interval from the time of cholecystectomy to referral was 1.4 
months..MI patients were managed with initial percutaneous access of the involved right segmental bil- 
Jan" system, with placement ofa percutaneous transhepatic stent..'After the biliary leak was controlled, all 
patients underwent Roux-en-Y hepaticojelunostomy to the isolated biliary segment..MI patients had an 
uncomplicated postoperative course. There were no postoperative anastomotic leaks. Postoperative stent- 
ing was maintained for a mean of 8 months. Six (67%) of the nine patients had a long-term successful out- 
come with minintal or no symptoms. In three patients, recurrent symptoms with pain and/or cholangi- 
tis developed at a mean of 34 months. ~MI three patients underwent percutaneous cholangiograph), which 
demonstrated an anastomotic stricture, and all were managed with percutaneous balloon dilatation with 
a successful outcome. Currently eight (89%) of the nine panents are asymptomatic, with a mean follow- 
up of 70.4 months (range 12 to 226 months). One patient had intermittent right upper quadrant pain with 
normal liver function tests but has not required intervention. Isolated right segmental hepatic ductal in- 
luD' with biliar 3" leakage is an uncommon complication following laparoscopic cholecystectomy. A diag- 
nosnc dilemma is created by the presence of a hile leak with a normal endoscopic retrograde cholan- 
giogram. Management begins with percutaneous access of the transected isolated ductal system followed 
by reconstruction as a Roux-en-Y hepaticojejunostomy. (J G~aTROIXrEs'r SUR(; 2000;4:168-177.) 

KEY WORDS: Bile duct injun', cholecystectom); I)ihal T fistula 

Injuries to the bile duct  can occur  dur ing e i ther  
open or laparoscopic cholecystectomy. Although lap- 
aroscopic cholecystectomy has significant advantages 
compared to the open procedure, there is an increased 
incidence of  biliary injuries associated with this pro- 
cedure. I-3 As experience in the management  of  lapa- 
roscopic bile duct injuries has been gained, the mech- 
anisms of  injury have been established. 3-5 Misidentifi- 
cation of  ana tomy appears to be the most  c o m m o n  

cause of  laparoscopic bile duct injury. In the "classic" 
bile duct  injui T, the common  bile duct is mistaken for 
the cystic duct, clipped, and d iv ided)  Because most  
bile duct  injuries are not  recognized at the t ime of  
laparoscopic cholecystectomy, this inju D, usually re- 
suits in a bile leak presenting in the early postopera- 
tive per iod as e i ther  bile ascites or a loculated 
"biloma." T h e  algorithm for management  of  patients 
presenting in the postoperative period with evidence 
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of a bile duct injury involves early cholangiography to 
demonstrate the injury. 5-s 

Abnormal anatomy, although often used as an ex- 
planation for an injury, is rarely documented in pa- 
tients with laparoscopic bile duct injuries. An impor- 
tant anatomic variant, however, does appear to be as- 
sociated with injury and also creates a diagnostic 
dilemma at the time of presentation. The  low inser- 
tion of a right segmental hepatic duct, either into the 
hepatic duct or even the cystic duct, places this struc- 
ture in a position at risk to be injured during laparo- 
scopic cholecystectomy. The  diagnostic dilemma as- 
sociated with this injury is that frequently endoscopic 
retrograde cholangiography (ERC) will not demon- 
strate a leak, and may give a "normal" appearance 
with demonstration of hepatic bifurcation and filling 
of both the right and left hepatic lobes. It is often not 
recognized that only one of two segments of the right 
lobe is being visualized. The  aim of this report was to 
review our institutional experience with the manage- 
ment  of patients presenting with bile duct injuries as- 
sociated with this anatomic variant and to describe 
their management and long-term outcome. 

M E T H O D S  

A retrospective review was performed of the hos- 
pital records of all patients with bile duct injuries 
managed at the Johns Hopkins  Hospital  between 
1980 and July 1998, inclusive. All patients identified 
as having an isolated right segmental hepatic duct in- 
jury associated with a bile leak were included in this 
analysis. Records were reviewed to determine patient 
demographics, the nature of the original procedure, 
presentation, and management both prior to referral 
and at the Johns Hopkins Hospital. Finally, the results 
of surgical reconstruction, both short-term and long- 
term, were reviewed with follow-up data obtained up 
to April 1999. 

Management  at the Johns Hopkins Hospital gen- 
erally followed a standard protocol beginning with re- 
view of outside radiologic studies including cholan- 
giograms and sinograms obtained through operatively 
or percutaneously placed drains. Prior interpretation 
of all endoscopic retrograde cholangiograms had 
not demonstrated the site of the bile leak and in all 
cases a "bifurcation" of the right and left system was 
demonstrated. Careful review of these studies, how- 
ever, revealed a relative absence of complete filling of 
the right hepatic ductal system, suggesting a "miss- 
ing" segment. Based on the ERC and sinograph); se- 
lected percutaneous transhepatic cholangiography 
was performed into the isolated segment of the liver 
(usually hepatic segments \~ I  and \rill). In all cases 
the segmental ductal system was accessed with dem- 

onstration of free extravasation into the peritoneal 
cavity. A percutaneous transhepatic catheter was 
placed into the segment to allow external drainage of 
the transected biliary tree. If present, abdominal fluid 
collections were percutaneously drained. After allow- 
ing 2 to 4 weeks for clinical improvement, all patients 
underwent surgical reconstruction with creation of a 
Roux-en-¥ hepaticojejunostomy to the isolated seg- 
ment. To identify the transected duct at the time of 
laparotom); the interventional radiologist was asked 
to advance the biliary catheter well below the area of 
transection into the subhepatic space, where it could 
be easily identified at the time of exploration. 

Postoperative management  included the use of 
long- term biliary stents. T h e  duration of stenting 
was directed by the surgeon's preference, based on the 
patient's clinical course and the cholangiographic 
appearance. 

R E S U L T S  

Nine patients were identified with isolated right 
segmental hepatic duct injuries. There  were eight 
women and one man. The  mean age of the patients 
was 50.1 years (range 35 to 67 years). Seven patients 
(78%) had undergone a laparoscopic cholecystectom), 
whereas the two remaining patients (22%) had un- 
dergone an open cholecystectomy. Two of the nine 
patients presented with a free flow of bile into the 
peritoneal cavity. (bile ascites), whereas seven of the 
nine patients had an identifiable collection of bile 
(biloma) (Fig. 1). Three of the patients had undergone 
percutaneous drainage of bile collections prior to 
transfer. All patients had undergone ERC prior to re- 
ferral with no evidence of a "visible bile leak" and 
were thought to have normal biliary anatomy (Fig. 2). 
In two patients sinograms performed through exist- 
ing drainage catheters had demonstrated communi-  
cation with the isolated segment (Fig. 3). The  me- 
dian interval from cholecystectomy to referral to the 
Johns Hopkins Hospital was 1.4 months (range 0.8 to 
3.5 months). 

Percutaneous cholangiography was performed at 
the Johns Hopkins Hospital in all patients, which 
demonstrated a transected isolated right hepatic duc- 
tal system, with free extravasation in the peritoneal 
cavity (Fig. 4). A percutaneous biliary catheter was 
placed in all patients into the undrained segment with 
control of the biliary fistula and prompt  resolution of 
all signs of biliary sepsis. The  median length of pre- 
operative biliary drainage was 17 days. Prior to lapa- 
rotomy for biliary reconstruction, the biliary catheter 
was advanced through the transected duct into the 
subhepatic space to facilitate identification of the in- 
volved duct (Fig. 5). 
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Fig. 1. CT  scan demonstrating a bile collection or "biloma" following isolated hepatic duct injury. 

,0, 

Fig. 2. A, Endoscopic retrograde cholangiogram showing no evidence of a bdsary leak and an "intact" 
hepatic bifurcation. B, Close-up view of the same patient demonstrating the hepatic duct bifurcation. 
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Fig. 2, cont 'd.  C, Endoscopic retrograde cholangiogram from 
a patient with an isolated right segmental hepatic duct injury. 
There is no evidence of contrast leakage, and an apparent bi- 
furcation is present. 

Fig. 3. Sinogram from a patient with a percutaneously placed 
drainage catheter demonstrating filling of the transected iso- 
lated biliary system. 
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Fig. 4. Percutaneous transhepatic cholangiogram demon- 
strating the extensive hepatic biha W duct system drained by 
the transected right segmental hepatic duct. 

Fig. 5. Final percutaneous transhepatlc bihary catheter place- 
ment prior to laparotomy. Note the presence of the catheter 
coiled well into the subhepatic space. 
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Fig. 6. CT scan demonstrating dilated bilia D" tree of the posterior segment of the right hepatic lobe of 
the liver due to postoperative anastomotic stricture. 

Surgical management  consisted of a Roux-en-Y 
hepaticojejunostomy to the isolated hepatic duct in all 
cases..M1 anastomoses were constructed over Silastic 
biliaD ~ stents. The remainder of the biliary duct sys- 
tem was normal and was not involved in the recon- 
struction. The  postoperative course was uncompli- 
cated in all patients, and in no case was there a post- 
operative biliary anastomotic leak. The duration of 
postoperative stenting ranged from 3 to 18 months 
with a mean of 8 months. 

On follow-up, six of the nine patients have re- 
ported no significant postoperative symptoms and 
have not required invasive procedures for evaluation 
or treatment since initial stent removal. Three of the 
nine patients reported symptoms of right upper quad- 
rant pain with intermittent fever and chills consistent 
with cholangitis. Computed tomography demon- 
strated obstruction of the same biliary segment (Fig. 
6) and repeat percutaneous cholangiography was 
performed, which demonstrated an anastomotic stric- 
ture. In all three patients balloon dilatation was per- 
formed with a successful outcome. The interval from 
initial repair to development of symptoms of a re- 
current stricture was 19, 30, and 54 months (mean 
34 months). The length of stenting following percu- 
taneous dilatation of the recurrent stricture was 7, 7, 
and 13 months. In all cases the catheters have been 
removed, and two of the three patients are currently 
asymptomatic. The remaining patient continues to 
report intermittent mild right upper quadrant pain 
without cholangitis and with normal liver function 

tests. Currently all nine patients have their biliary 
stents removed, at a mean follow-up of 70.4 months 
(median 36 months, range 12 to 226 months). 

D I S C U S S I O N  

Injuries to the bile duct can occur following both 
open and laparoscopic cholecystectomy. The  inci- 
dence of injury, during laparoscopic cholecystectomy 
appears to be higher than that after open cholecystec- 
tomy and is currently estimated at 0.4% to 0 .6%.  1-3 
.~  experience in the management of laparoscopic bile 
duct injuries has been gained, the common mecha- 
nisms of injury, have been established. 3-5 Misidentifi- 
cation of anatomy appears to be the most frequent 
cause of laparoscopic bile duct injury. In the most 
common scenario, described by Davidoff et al., 4 the 
"classic" in ju~ involves mistaking the common bile 
duct for the cystic duct. The  common bile duct is 
then clipped and divided. Further retraction of the 
gallbladder leads to a second, higher injury, with divi- 
sion of the common hepatic duct, often as it ap- 
proaches the bifurcation. If the proximal hepatic duct 
is not adequately secured with clips, a bile leak devel- 
ops. This inju D" occurred in 63% of patients in a se- 
ries reported by Branum et al. s from Duke Univer- 
sit).: Regardless of the nature of the injury, most bil- 
iary injuries are not recognized at the time of initial 
laparoscopic cholecystectomy, s,~ 

The management of laparoscopic bile duct injuries 
presenting in the postoperative period has been well 
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Fig. 7. A, Aberrant hepatic ductal anatomy showing low in- 
sertion of a right posterior segmental hepatic duct into the 
common hepauc duct. RPD, right posterior duct; CHD, com- 
mon hepatic duct; GB, gallbladder; CBD, common bile duct. 
B, Insertion of a right posterior segmental hepatic duct into 
the cystic duct. 

Fig. 8. Intraoperative cholanglogram from a patient who was 
eventually found to have an isolated right segmental hepatic 
duct in;uD: Note the apparent hepatic bifurcauon seen, sug- 
gesting that normal anatomy is present, allowing "safe" per- 
fbrmance of a laparoscopic cholecystectomy. 

defined by a number of authors. 3-~ The importance of 
preoperative bilia D, imaging has been emphasized in a 
report by Stewart and \Vay. 9 In their analysis, failure 
to define the bilian, anatomy preoperatively ulti- 
mately led to failure in 96% of patients undergoing 
surgical reconstruction. ERC is a readily available 
technique used to evaluate patients with a suspected 
biliaD" injuD ~. However, in the classic injury involving 
bile duct transection, the retrograde cholangiogram 
will only show a "cutoff" of the common bile duct be- 
low the cystic duct. It is essential, therefore, that per- 
cutaneous transhepatic cholangiography be pefbrmed 
to define the exact location and nature of the injury, as 
well as to demonstrate the anatomv of the proximal 
biliary tree, which will be used for reconstruction. 

Although abnormal biliary anatomy is frequently 
used as an explanation for injuries, documentation of 
aberrant or variant anatomy is unusual. The anatomic 
variant of  a low-inserting right segmental hepatic 
duct, however, is of significant concern with respect 
to both an increased likelihood of injury and difficulw 
in management. This duct, which usually drains the 
right posterior segment of the liver (segments VII 
and \rlII), may insert low into the common hepatic 
duct or even the cystic duct (Fig. 7). This insertion 
places this duct in jeopardy for injury during laparo- 
scopic cholecystectomv: This anatomic variant may 
go unrecognized with intraoperative cholangiographi, 
(Fig. 8) and also creates a dilemma with respect to di- 
agnosis in the postoperative period. In this setting the 
ERC may be interpreted as normal with no evidence 
of a biliat T leak and an apparent normal hepatic duct 
bifurcation. In many cases the bile leak may be attrib- 
uted to minor ducts from the gallbladder fossa, 
namel}, the ducts of Luschka. However, awareness of 
this biliary anatomic variant is important to lead to 
recognition and to ensure a suitable outcome for pa- 
tients sustaining this inju W. 

The importance of this anatomic variant was first 
emphasized by Meyers et al. H) in a report of 14 pa- 
tients with injuries involving this ductal segment. In 
six patients the injury to the segmental duct occurred 
in combination with a classic biliary injur3. , necessi- 
tating complex reconstruction of multiple transected 
ducts. In seven patients, however, the segqnental duct 
injury was isolated with the remainder of the biliary 
tree intact. Five of the patients presented with a bile 
leak, whereas two patients presented with problems 
resulting from obstruction with fevers, chills, and an 
elevated alkaline phosphatase. In this report the au- 
thors stressed the importance of awareness of this 
variant. They  predicted that with a presumed inci- 
dence of low insertion of a segmental hepatic duct of 
0.3 %, with more than 600,000 cholecystectomies per- 
formed per year, surgeons would encounter this vari- 
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ant 18,000 times. In the Duke series of approximately 
100 cases of major bile duct injuries, the isolated he- 
patic segmental duct injury accounted for 7% of all 
cases. 10 

In the current  series we identified nine patients 
over an 18-year period with such injuries. Seven of 
these injuries have been seen in the last 8 years and 
have occurred during laparoscopic cholecystectomy. 
The  other two injuries occurred in the prelaparo- 
scopic era. Analysis of a recent series of 89 biliary in- 
juries referred to our institution included five isolated 
hepatic duct injuries, which represents 5.6% of all in- 
juries seen at our institution. 

The key to management of an isolated segmental 
hepatic duct inju W is recognition. ERC will not 
demonstrate the site of the leak and will demonstrate 
the presence of a hepatic bifurcation with ductal 
branches in both the right and left lobes of the liver 
(see Fig. 2). It must be recognized, however, that 
there is an absence of complete filling of the right bil- 
iary ductal system. This absence of complete segmen- 
tal hepatic ductal filling (on the right), in the presence 
of a major bile leak, should suggest an injuD~ to an iso- 
lated right segmental hepatic duct. Sinography per- 
formed via a drainage catheter, placed operatively or 
percutaneously into a bile collection, may allow ret- 
rograde filling of the injured segment to also confirm 
the diagnosis. Based on interpretation of endoscopic 
retrograde cholangiograms and sinograms the inter- 
ventional radiologist can access the involved hepatic 
segment percutaneously and place a percutaneous 
transhepatic biliarv catheter into the segment. Exter- 
nal drainage should allow prompt control of the bil- 
iary fistula, eliminate sepsis, and allow optimal timing 
of elective reconstruction. Prior to surgical explo- 
ration, the interventional radiologist should confirm 
that the bilia W catheter protrudes well through the 
transected duct into the subhepatic space. In this po- 
sition it becomes easily identifiable by the surgeon to 
facilitate dissection of'the involved duct to be used in 
reconstruction. Surgical reconstruction can then be 
performed to the isolated duct as a RotLx-en-Y hepa- 
ticojejunostomy. The percutaneously placed catheter 
can be converted to a soft Silastic catheter at the time 
of laparotomy and is used for long-term stenting. 

With the use of this technique, the nine patients in 
this series had an uncomplicated postoperative course 
with no bilia W anastomotic leaks. Stenting was main- 
tained postoperatively for a mean of 8 months. In all 
patients the catheters were eventually removed. The 
incidence of late stricture of this anastomosis, how- 
ever, was 33 %. This incidence is significantly higher 
than that noted in a recent report from our institu- 
tion evaluating the short- term outcome following 
repair of major bile duct injuries. 6 In that report of 

52 patients completing treatment after surgical re- 
construction, the incidence of recurrent stricture was 
only 8% at a mean follow-up of 33.4 months. The  
mean follow-up in this current series of nine patients 
is significantly longer and may partially account for 
this difference. However, it would appear that this re- 
construction performed to a small peripheral duct is 
at significant risk for late stricture. Seconda W treat- 
ment with balloon dilatation of the recurrent stricture 
has proved successful, leaving all nine patients with 
their stents removed and a satisfactory result. 

C O N C L U S I O N  

Isolated right segmental hepatic duct injuries with 
a biliary leak are an uncommon complication follow- 
ing laparoscopic cholecystectom.~, accounting for ap- 
pro.,dmately 5 % of all major ductal injuries. These in- 
juries can be associated with what appears to be a nor- 
real endoscopic retrograde cholangiogram leading to 
the conclusion that the biliarv leak is coming from 
minor biliaD ~ ducts (ducts of l'.uschka). Recognition, 
however, of incomplete bilia~ ~ duct filling of the right 
hepatic ductal system is the key to diagnosis. Percuta- 
neous access of the transected isolated ductal system is 
essential for management for both identification of 
the injur3, and control of the bilia D, fistula and associ- 
ated sepsis. A percutaneous biliary catheter also facil- 
itates reconstruction, which can be completed as a 
Roux-en-Y hepaticojejunostomy..Mthough the inci- 
dence of failure following initial surgical repair is 
higher than expected following biliary reconstructions 
for other major bile duct injuries, secondal T balloon 
dilatation can prove successful in maintaining long- 
term anastomotic patency and good results. 
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Discussion 
Dr. L. Stewa~t (San Francisco, Calif.). Did you note in 

your analysis of  bile duct injuries persons who had com- 
plete transections of  the right hepatic duct as opposed to a 
segmental duct? And if so, could you give me an estimate of  
how many of  these patients there were? Similarly, what was 
the incidence of  right hepatic artery injury in }'our popula- 
tion? .~unong our patients who have right hepatic duct in- 
jury or right segmental duct injury of  the class IV type, a 
nmnber of  them also have right hepatic artery injury and 
some of  them have specific ligations..'Also, was there an in- 
creased incidence of  hepatic abscesses in this group com- 
pared to other persons with bile duct injuries? 

By way of  comment, its important to note that these in- 
juries can be missed on intraoperative cholangiography. 
The only way to prevent these injuries is to use meticulous 
technique dissecting out the triangle of  Calot. 

Dr. K. Lillemoe. Drs. Stewart and ~<ay shed light on 
this topic several years ago when they showed that patients 
who either did not undergo cholangiography or, more im- 
portant, had incomplete cholangmgraphy were at high risk 
for failure after biliaD~ reconstruction following bile duct 
injury. In answer to your questions about our series, there 
were 5 of  a total of  89 patients with bile duct injuries who 
fell into this categoD ~ for an incidence of appro~mately 6%. 
There were at least two other patients whom we recognized 
as having had the right duct injured separately from the 
main hepatic duct. Many of  those patients had already un- 
dergone some form of reconstrucnon before they came to 
us, however, so we do not know what the original anatomy 
was. I do not have information on right hepatic arterial in- 
juries. One patient had a major infarction that required 
debridement after referral, but since we do not perform ar- 
teriography on a routine basis, the incidence of  arterial in- 
jury is unkamwn. Finally, these patients are at increased risk 
for hepatic abscess due to late obstrucnon; however, none 
of  these nine patients developed hepatic abscess. 

Dr. D. Nagorney (Rochester, Minn.). I am confused 
about the ductal anatomy. The anatomy that was previously 
described by Meyers et al., m that is, segments 7 and 8 com- 
ing offthe right lateral sector, is incredibly unusual. Usually 
it is segments 6 and 7. Second, you had a 33% early failure 
rate and you do not yet have any long-terxn follow-up data. 
W h y  not just remove the rigl~t lateral sector and never 
worr T about this again? The  liver will compensate. 

D,. Lillemoe. Meyers et al. I° referred to hepatic seg- 
ments 7 and 8. In our serms most of  the injuries involved 
the posterior segment of  the right lobe using the older ter- 

minolo~ ~. In terms of  performing a resection because of  the 
high risk of  failure, this may be a substantial resection m 
many of  these patients. Currently all nine of  our patients 
are basically as)anptomatic with their livers intact, and they 
have no significant problems. So I think that if you can get 
by with reconstruction, that is still the way to go. 

Dr. M. Caller)/(lVorcester, Mass.). Aal interesting point 
made by Meyers et al., 1° which you cite in }-our report, is 
that  the prevalence rate of  this anomaly would suggest 
that it would be encountered 18,000 times across Aanerica 
this year. But it only represents about 5% to 7% of bile duct 
injuries. 

In the preoperative workup, is there a role for C T  
cholangiography or magnetic resonance cholangiography? 
With respect to minimizing your 33 % long-term late stric- 
ture rate, is there any way you can improve on that by 
changing the timing of  the operation? Do you treat the sep- 
sis prior to surgery? 

I would cast one last vote for resection as an option. 
Once the involved segments of  the hver have been re- 
moved, patient should not need anything else. Patients still 
have the same incision, and they have 8 fewer months of  
external drainage. 

Dr. Lillemoe. Your point about the incidence empha- 
sizes the importance of  careful dissection. It is essential to 
dissect enough of  the triangle of Calot to make sure there is 
no aberrant duct. 

We did not use magnetic resonance cholangiography in 
these patients because it was not yet available. I think it 
would be ideal for demonstrating this anatom}, and I cer- 
tainly would use it i f I  had a new patient with such an injury 
now. ~\qth respect to the timing of our repair, we tend to 
not operate on bile leaks urgently. We first achieve control 
of  the patient's fistula with a percutaneous catheter. We 
then allow the fistula to close and oftentimes the external 
drains can be removed. The  biloma resolves and the sur- 
get T is scheduled at a point that is optimal for the patient. 
The  mean time to operation in this series was about 3 
weeks after referral. I appreciate }'our comments concern- 
ing resection, but I continue to hold this as the last opnon. 

Dr. B. Langer (Toronto, Ontario, Canada). In response 
to the recommendat ion that resection might he a good 
early option, I think resection is the operation of  last resort 
for this t}.-pe of inlury. I would like to remind everyone that 
a segmental duct can be ligated without causing any harm 
whatsoever to the patient, as long as the duct is not  in- 
fected. I think that is a good strateD'. I have used it in pa- 
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tients who had veW small peripheral ducts. I have used it in 
patients who had a moderately large segment of  liver in- 
volved in the iniuD.'. I f  one finds that a tiny duct is not suit- 
able for use in an anastomosis, I think liganon is the first 
step. One can always come back and reconstruct the duct 
after it dilates if the patient is s}anptomatic. If  an infection 
occurs and cannot be controlled, a resection can then be 
performed. 

Dr. Lillemoe. At the time of laparoscopic cholecystec- 
tom}; if the patient is recognized to have this injury and the 
duct is smaller than 3 mm, ligation is probably the course. 
All of  our patients had ongoing fistulas at the time of refer- 
ral and we felt uncomfortable using simple ligation because 
of concern about infection. 

Dr. L. 14~y (San Francisco, Calif.). Undetected ligation 
is one variant of  this particular injury that sometimes has 
consequences but often does not. We have seen a number  
of  complete ly  occluded ducts without  fistula that were 
silent. 

Dr. S. Strasberg (St. Louis, Mo.). I agree that these are 
difficult injuries to diagnose. V~:e have treated approximately 
15 of these patients during the past 5 or 6 years and there are 
two things we have noticed. One is that it is sometimes pos- 
sible to determine that an inju W is present by looking at the 
comparative size of the right and left ducts at the origin. If 
the right duct seems small, this suggests that an injury is pres- 
ent. But because the shape of the liver can differ from one 
patient to another, an overlay comparison between the C T  
scan and the percutaneous transhepatic cholangiogram is 
useful. Magnetic resonance cholangiography ~11 become the 
"gold standard" because it picks up the injury on one film. 

Dr. Lillemoe. T h e  use of  the term "normal"  cholan- 
grogram throughout the presentation and manuscript re- 
flects the fiact that these fihns were often initially read as 
unremarkable. An experienced radiologist or surgeon, how- 
ever, will note the subtle points that  Dr. Strasberg sug- 
gested and realize that the films are not truly normal, and 
therefore suspect the injur3.,. 
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Hepatic wedge resection for colorectal liver metastasis has been reported to have a high incidence of 
positive surgical margins. ?matomic segmental resection is now widely practiced, although there are few 
data comparing segnnental and wedge resection in terms of tumor clearance or long-term outcome. There 
were 267 patients who underwent liver resection for metastatic colorectal cancer between July 1985 and 
October 1998 at our institution who had either a wedge (n = 119) or segmental (n = 148) resection. Pa- 
tient, tumor, and treatment data were compared, actuarial survival was determined, and prognostic fac- 
tors were analyzed. ,~latomic segmental resection was associated with similar blood loss, operative time, 
and complications as wedge resection. Se~nental resection had a significantly lower rate of positive mar- 
gins (2% vs. 16%) compared to wedge hepatectomy (P <0.001). On umvariate analysis, segmentectomy 
resulted in longer survival with a median of 53 months vs. 38 months for wedge hepatectomy (P = 0.015). 
Preoperative carcinoembryonlc antigen level, posinve margin of resection, and the presence of extra- 
hepatic disease independently predicted survival on multivariate analysis. ~M~atomic segmental resection 
is a safe procedure and is superior to wedge resection as an oncologm operation for colorectal liver metas- 
tasks because it results in better tumor clearance and improved survival. (J CTASTRO[N~I FS;'I NURG 
2000;4:178-184,) 
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Hepatic  wedge resection is a widely accepted treat- 
men t  for  colorecta l  liver metastases. Al though re- 
moval of  a hepatic tumor  with an adequate margin of  
su r rounding  normal  tissue may appear  s t raightfor-  
ward, the margin of  excision is involved by tumor  in 
up to 30% of  cases. 1 Our  own exper ience  is that  
wedge hepatectomy results in a 17% rate of  positive 
margins. 2 ~lRvo factors contribute to inadequate tumor  
clearance fol lowing nonana tomic  wedge resection.  
First, traction on the specimen during division of  the 
liver parench.vqna tends to produce a fracture at the 
interface of  the fragile soft liver tissue and the hard 
colorectal metastasis. Second, because of  limited ex- 
posure and the lack of  vascular control,  hemorrhage  
commonly  occurs at the base of  the wedge resection. 
Bleeding may obscure  the plane o f  the in tended  

parenchymal transection and consequently compro-  
mise the final margin. 

A bet ter  unders tanding of  liver anatomy and im- 
p rovements  in radiologic imaging and anesthet ic  
techniques have led to the widespread use of  segmen- 
tal liver resections. ~-12 In fact, s egmentec tomy now 
comprises approximately 20% of  our  hepatic resec- 
tions. 4 Segmental hepatectomy based on the anatomic 
descript ions of  Couinaud  L; is appealing for several 
reasons. First, vascular inflow is often controlled prior 
to transection of  the liver. T h e  resultant demarcat ion 
of  the parench~na  indicates the boundaries of  exci- 
sion and ensures an adequate margin of  normal tissue 
throughout  the procedure. Next, se~nen tec tomy may 
be used to preserve liver substance in cases that would 
otherwise require a lobar resection. For  this reason, 
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segmental resections have been especially useful for 
patients with cirrhosis who have bilobar or recurrent 
hepatocellular carcinoma. Moreover, segmental re- 
section is suitable for the treatment of colorectal liver 
metastases since removal of the tumor with an ade- 
quate margin is all that is needed because intrahepatic 
metastases (i.e., tumor satellites) from an established 
colorectal liver metastasis are rare. H 

There are few data comparing the results of wedge 
and segmental liver resections for colorectal metas- 
tases in terms of margin status and survival. We pos- 
tulated that segmental liver resection achieves better 
tumor clearance than wedge resection, and herein we 
report our experience in 267 patients who had either 
a wedge or segmental hepatectomy for metastatic co- 
lorectal adenocarcinoma. 

METHODS 
Patients 

There were 267 patients who underwent unilobar 
wedge resection(s) or sublobar segmental resection 
for colorectal metastases at Memorial Sloan-Ketter- 
ing Cancer Center from October  1985 to October  
1998 identified from the Liver Resection Database of 
the Department of Surge~. Patients who had a lobar 
hepatectomy as part of their resection or a combined 
wedge and segmental resection were excluded. Infor- 
mation was obtained from the database, medical 
records, patients, family, and physicians. 

The clinical risk score Iq (0 to 5 points) was calcu- 
lated by assigning one point for each of the following: 
positive nodal status of the primary colorectal tumor, 
disease-free interval from the resection of the pri- 
ma W tumor to the first liver metastasis of less than 
1 year, preoperative carcinoembryonic antigen (CEA) 
level greater than 200 ng/ml, more than one liver tu- 
mor, and largest tumor greater than 5 cm. The clini- 
cal risk score is based on an analysis of 1001 patients 
who had a partial hepatectomy for colorectal metas- 
tases at our institution, and the score predicts survi- 
val as patients with 0, 3, or 5 points had a 5-year sur- 
vival of 60%, 20%, and 14%, respectively. 

Resection Technique 

Intraoperative ultrasonography was used to con- 
firm the anatomic relationship of the tumors to vas- 
cular and biliary structures. 16 ~Vedge hepatectomy was 
generally performed with the intention of including 
at least a 1 to 2 cm rim of normal liver tissue. The sur- 
face of the liver was scored with electrocautei3: The 
parenchyma was transected by means of a clamp 
crushing technique to allow visualization of  portal 
structures and hepatic vein tributaries that were 

clipped or ligated. Our techniques of segmental re- 
section have been described in detail) The liver seg- 
ments are as described by Couinaud. 13 Frequently 
the procedure was initiated by obtaining vascular in- 
flow control. Pedicle ligation based on the anatomic 
distribution of  Glisson's capsule was performed for 
right-sided segmental resections including sectorec- 
tomies. ~,ls In some cases temporary control of the 
hepatic vein outflow was also established prior to di- 
vision of the liver. The liver tissue was divided with a 
crushing technique using a Kelly clamp as with wedge 
resection. 

Statistics 

Actuarial survival was calculated from the time 
of  the liver resection according to the method of  
Kaplan-Meier. Pro~os t ic  factors for survival were ex- 
amined by univariate analysis using log-rank and 
multivariate analyses with a Cox regression model. 
Variables were compared by means of chi-square 
analysis using Fischer's exact test (two-sided) or with 
the independent Student's t test when appropriate. A 
P value of 0.05 was considered significant. 

R E S U L T S  
Clinicopathologic Data 

A total of 267 patients with colorectal metastases 
to the liver underwent either a wedge or segmental 
hepatectomy at Memorial Sloan-Kettering Cancer 
Center during the period from October 1985 to Oc- 
tober 1998. There  were 155 men (58%) and 112 
women (42%). The median age was 65 )Tears (range 
28 to 87 )Tears). The prima W colorectal adenocarci- 
noma was located in the colon in 196 patients (73 %) 
and in the rectum in 71 (27%). At the time of the ini- 
tial colorectal resection, 160 patients (60%) had 
metastases to regional lymph nodes and 60 (22%) 
had synchronous liver metastases. The  median dis- 
ease-t:ree interval from the time of the resection of 
the primary colorectal tumor to the development 
of liver metastasis was 12.5 months (range 0 to 
82 months). The disease-free interval was less than 
1 year in 130 patients (49%). The CEA level exceeded 
200 ng/ml in 18 patients (7%) at the time of liver re- 
section. The preoperative clinical risk score was 0 or 
1 (out of 5 possible points) in 122 patients (46%). 

There were 214 patients (80%) who had a single 
colorectal liver metastasis and only seven patients had 
more than three tumors. The  median size of  the 
largest metastasis was 3.0 cm (range 0.4 to 19 cm). 
The greatest dimension of the largest tumor was less 
than 5 cm in 200 patients (75%). Extrahepatic disease 
was present in 14 individuals (5%) and included three 
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T a b l e  I. Comparison of the clinicopathologic features of  the wedge resection and segmental resection treatment 
groups (n = 269) 

Wedge resection Segmental resection 
(n = 119) (n = 148) 

Variable No. Percent No. Percent P value 

Sex 0.62 
Female 52 44 60 41 
Male 67 56 88 59 

Age 0.41 
<70 yr 83 70 110 74 
>70 yr 36 30 38 26 

Primar T tumor site 0.78 
Colon 86 72 110 74 
Rectum 33 28 38 26 

Prnnary nodal status 0.079 
Node negative 55 46 52 35 
Node posinve 64 54 96 65 

Disease-free interval 0.014 
<12 mo 68 );'" 62 42 
->12 mo 51 43 86 58 

Carcinoembryonic anngen 0.81 
<200 84 90 101 92 
->200 9 10 9 8 

Number of tumors 0.88 
1 96 81 118 80 

>1 23 19 30 20 
Largest tumor size 0.003 

<5 100 84 100 68 
->5 19 16 48 32 

Extrahepatic disease 0.60 
No 111 93 141 95 
~ s  8 7 7 5 

Clinical score ts 0.54 
<2 57 48 65 44 
->2 62 52 83 56 

with direct extrahepatic extension into fat, two with 
omenta l  metastasis,  two with involved portal /cel iac  
nodes, two with abdominal  wall nodules, one with di- 
a p h r a g m  invasion,  m~o with  pelvic metastasis ,  one 
with a re t roper i toneal  metastasis, and one with ovar- 
ian metastasis. 

O f  the 267 pat ients ,  119 (45%) had a wedge  re- 
sect ion of  the liver and 148 (55%) had a segmenta l  
resect ion.  T h e  c o m p a r i s o n  be tween  the two t rea t -  
m e n t  g roups  with respect  to c l in icopathologic  vari-  
ables is shown in Table  I. T h e  sex dis t r ibut ion,  age, 
p r i m a r y  t u m o r  site, p r i m a r y  nodal  status, p r e o p e r -  
ative C E A  level, n u m b e r  o f  l iver  t umors ,  and the 
p r e s e n c e  o f  e x t r a h e p a t i c  disease were  s imilar .  In  
the segmenta l  resec t ion  group,  there  were signifi- 
cant ly  m o r e  pat ients  who had a disease-free  in ter-  
val g rea te r  than or equal  to 1 year  (58% vs. 43%,  

P = 0.014) and a t u m o r  size g rea te r  than  or equal 
to 5 cm (32% vs. 16%, P = 0.003). T h e  clinical risk 
scores  t5 p r io r  to h e p a t e c t o m y  were  s imi lar  in the 
two groups.  

T r e a t m e n t  

T h e  hepatic resections are listed in Table II. T h e  
148 segmenta l  resect ions  included 43 left  lateral  
segmentectomies ,  29 r ight  poster ior  sectorectomies,  
17 caudate resections,  nine r ight  an ter ior  sectorec-  
tomies, eight segment  I V  resections, six seginent  III  
resections, and one central resection (segnnents IV, V, 
and YqII). T h e r e  were 21 patients (8%) who received 
an in t ra -ar te r ia l  hepat ic  p m n p  for pos topera t ive  
chemothe rapy ,  seven of  w h o m  were  t rea ted  with 
wedge resection. 
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Table II. ~]3es of liver resection (n = 269) 

Liver resection No.  Percent 

Wedge 119 45 
Segmental 148 55 

Left lateral segmentectomy (II and III) 43 16 
Right posterior sectorectomy (VI and VII) 29 11 
Caudate (I) 17 6 
Right anterior sectorectomy (V and VIII) 9 3 
Segment  IV 8 3 
Se~nen t  III 6 2 
Other  36 14 

Table IlL Outcome analysis of wedge v s .  segmental liver resection for colorectal metastasis 

Wedge Segmental 
All patients resection resection 

Variable (n - 267) (n = 119) (n = 148) P value 

Mean operative time (rain) 195 +_ 6 189 _+ 10 198 _+ 8 
Mean blood loss (ml) 513 -+ 50 456 _+ 90 531 _+ 60 
Median hospital stay (days) 8 (range 1-30) 9 (range 4-26) 8 (range 1-30) 
30-day mortalit T 1 (0.4%) 1 (0.8%) 0 
Complications 45 (17%) 15 (13%) 30 (20%) 
Positive margin 22 (8%) 19 (16%) 3 (2%) 
Survival 

1 year 94°/,, 91% 95 % 
"~o 3 }'ear 6_ '/o 52% 72% 

5 year 43% 37% 49% 
Median (mos) 50 38 55 

0.46 
0.48 
NS 
NS 
0.10 

<0.001 
0.015 

NS = not slgmficant. 

Surgical  O u t c o m e  

The mean operative time and the mean blood loss 
were similar between the wedge resection and seg- 
mental resection groups (Table III). The median hos- 
pital stay was 9 days after wedge resection and 8 days 
after seDnental resection (P = NS). There was only 
one operative death in this series, which occurred af- 
ter a wedge resection. The  complication rate was 
higher in the segmental resection group (20% vs. 
13 %), but this did not reach statistical significance. In 
the wedge resection group, there were two patients 
with puhnonary embolus, one with cardiac arrhyth- 
mia, two cases of pneumonia, one enteric fistula, one 
gastrointestinal hemorrhage, and va,o patients with 
ileus or partial small bowel obstruction. In the seg- 
mental resection group, there were two patients with 
puhnonary embolus, one with cardiac arrhythmia, 
four with intra-abdominal collections, two with pneu- 
monia, one with biliaD - fistula, and six with ileus or 
partial small bowel obstruction. 

The rate of positive resection margins was signifi- 
cantly higher after wedge resection than with seg- 

mentectomy (16% vs. 2%). Only three patients had a 
positive surgical margin out of the 148 undergoing 
segmental liver resection. In contrast, 19 patients 
(16%) had a positive margin after a wedge resection. 
The rate was even higher in the 23 patients with more 
than one tumor who underwent a wedge resection as 
six of them (26%) had a positive margin. 

Survival 

At a median follow-up of  25 months (range 1 to 
140 months) and a mean follow-up of 33 months, 
there are 132 patients (49%) without  evidence of  
disease, 32 (12%) are alive with disease, 99 (37%) 
died of disease, and four (2%) died of other causes. 
There were 59 deaths in the wedge resection group, 
which represents 50% of the group, and there were 
40 deaths in the segmental resection group, which 
was 27% of that subset. The overall 1-, 3-, and 5-year 
survival rates were 94%, 62 %, and 43 %, respec- 
tively, and the median was 50 months. The  patients 
who underwent segmental liver resection had sig- 
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Table IV. Univariate analysis of prognostic factors for survival 

5-year Median 
survival survival 

Variable No. (%) (mo) P value 

Sex 0.29 
Female 112 39 45 
Male 155 45 52 

Age 0.14 
<70 yr 193 46 52 
>70 vr 74 36 46 

Prinaan." tumor site 0.75 
Colon 196 43 49 
Rectum 71 42 53 

Primar}" nodal status 0.55 
Node negative 107 45 53 
Node positive 160 43 46 

Disease-free interval 0.34 
<12 mo 130 39 47 
->12 mo 137 49 56 

Carcinoembt3"omc antigen 0.0005 
<200 185 48 56 
->200 18 14 27 

Number of tumors 0.12 
1 214 47 55 

>1 53 28 42 
Largest tumor size 0.25 

<5 200 44 53 
->5 67 41 41 

Resection margin 0.0002 
Negative 245 45 53 
Positive 22 28 22 

Extrahepatic disease 0.0028 
No 252 46 53 
!l~s 15 18 29 

Type of resection 0.015 
Wedge I 19 37 38 
Segmental 148 49 55 

nificantly longer survival (P = 0.015) (Fig. I). The  
median survival after segmental  resection was 55 
months  compared  to only 38 months  for wedge 
resection. 

Prognostic Factors for Survival 

The  characteristics of the entire population of 
269 patients were analyzed to determine predictors of 
survival (Table IV). Sex, age, primary tumor  site, 
nodal status of the primary tumor, disease-free in- 
terval, number  of liver metastases, and the size of 
liver metastases had no impact on survival. By uni- 
variate analysis, survival was significantly decreased 
with a preoperative CEA level greater than 200 ng/ml 
(P = 0.0005), positive resection margin (P = 0.0002), 

Table V. Multivariate analysis of prognostic factors for 
survival 

Variable Hazard P value 

Segmental resection 0.27 
Positive margin 2.2 0.011 
Extrahepatic disease 3.4 0.0025 
Carcinoembryomc antigen 2.9 0.0006 

>200 ng/ml 

the presence of extrahepatic disease (P = 0.0028), 
and a wedge hepatectomy (P = 0.015). CEA level, 
resection margin, and extrahepatic disease were in- 
dependent  predictors of survival on multivariate 
analysis (Table V). 
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Fig. 1. Disease-specific survn-al following segmental (n = 119, sohd hne) and wedge (n = 148, broken 
hne) liver resection for colorectal liver metastases (P = 0.015). 

D I S C U S S I O N  

Surgical resection offers the only potential of cure 
for patients with metastatic colorectal adenocarci- 
noma to the liver. Hepatec tomy is now performed 
with a perioperative mortality rate of less than 5 % and 
results in a 5-year suB@al rate of 25% to 38%. 2,1'~-:: 
Our recent analysis of 1001 consecutive patients who 
underwent partial hepatectomy for colorectal liver 
metastases over a 13-year period at Memorial Sloan- 
Kettering Cancer Center showed a 5-year survival 
of 37%. Is 

Mthough it is established that surgical resection 
provides a survival benefit for patients with liver 
metastases from colorectal cancer, the optimal mar- 
gin of resection is not well defined. What  is clear is 
that the goal of resection is to obtain a negative 
pathologic margin. The presence of a positive margin 
has been shown to be an independent predictor of 
survival as it was in this study. ~.2~-24 In fact, others 
have found that patients with a positive surgical mar- 
gin have similar survival as unresected patients.t Sev- 
eral investigators have demonstrated that outconle is 
improved when the margin is greater than 1 cln. 22-26 

This is substantiated by a careful pathologic analysis 
in which occult invasive cancer was found frequently 
in normal liver lying within 1 cm of a colorectal liver 
metastasis. 27 Therefore, in this sutd), it is likely that 
the true rate of positive margins was even higher than 
16% following wedge resection. 

The 9q3e of hepatic resection that is performed for 
a particular patient depends on the extent of the mar- 
gin that is desired as well as the size, number, and lo- 
cation of the metastatic deposits and the amount of 
normal parenchyma that may be sacrificed. Hepatec- 
tomy may be categorized broadly as extended (triseg- 
mentectomy), lobar, segmental (sublobar), or wedge 
resection. In the past, wedge resections were com- 
monly performed for colorectal metastases that did 
not require a lobar resection. However, wedge resec- 
tion was associated with a 30% rate of positive mar- 
gins. l In addition, it resulted in decreased survival as 
patients who had a wedge resection did significantly 
worse compared to those who had an anatomic resec- 
tion (which at the time comprised mostly lobar re- 
sections). :2,28,2" For patients with tumors smaller than 
4 cm, the 5-year survival after wedge resection was 
31% compared to 52% after anatomic resection. 28 A 
similar difference existed for tumors larger than 4 cm. 

Because of the high rate of positive margins and 
decreased suB@al follow4ng nonanatomic wedge re- 
sections for colorectal liver metastases, we began to 
favor segmental resection over wedge resection. Our 
change in philosophy is evident when comparing 
two time periods during this study. Prior to 1992, 
there were 81 wedge resections and 53 segmental re- 
sections (ratio 1.5 to 1), whereas since 1992 there have 
been 38 wedge resections and 95 segmentectomies 
(ratio 1 to 2.5). 
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Our results with 267 patients in this study show that 
segmental liver resection for colorectal metastasis is 
safe and effective. There was no statistical difference in 
operative time, blood loss, mortality postoperative 
complications, or length of hospital stay compared to 
wedge resection. In fact, there were no perioperative 
deaths following segmental resection in this series. 
The principal difference between the two tTpes of re- 
sections was the rate of positive margins. There were 
only three patients out of 148 who had a positive sur- 
gical margin after segmentectonay. In contrast, there 
was a 16% rate of positive margins with wedge resec- 
tion. The margin status was an independent determi- 
nant of survival. Although this is not a randomized 
study, it is not surprising that segmaental resection pro- 
vides better tumor clearance. This may be partly a re- 
suit of resecting more liver parenchyma, but more im- 
portant it is due to a more controlled dissection car- 
ried out along anatomic planes, which preserves the 
margin during the performance of the resection. 

Wedge hepatectomy for the treatment of colorec- 
tal metastases should not be completely abandoned. 
It still has a role for the removal of very small periph- 
eral lesions in which adequate margins are easily at- 
tained. Cryo-assisted wedge resection may be useful 
when preservation of normal liver precludes segmen- 
tectomv) ° Wedge resection may also be used to con- 
firm the diagnosis of metastasis in patients with unre- 
sectable liver disease. 

Se~nental resection is therefore superior to wedge 
resection as an oncologic operation for colorectal liver 
metastases since it markedly reduces the rate of posi- 
tive margins and is associated with longer survival. 
Segmentectom.v is now preferred to wedge resection 
and should be widely adopted. 
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Inflammatory Cytokines Alter Human Gallbladder 
Epithelial Cell Absorption/Secretion 
Robert F. Rege, M.D. 

Gallbladder inflammation is an early feature of gallstone formation in animal models. The inflammato W 
response is associated with increases in myeloperoxidase and interleukin (IL)- 1 activities in the gallblad- 
der wall. The present studies were designed to determine whether inflammatory cytokines directly affect 
gallbladder epithelial cell absorptive function. Studies were performed using cultured human gallbladder 
epithelial cells derived from a well-differentiated gallbladder carcinoma. Confluent monolayers were ex- 
posed to interleukin-1 (IL-lcx), IL-lc~ plus its specific receptor inhibitor IL-lra, tumor necrosis factor 
(TNF-c0, lipopolysaccharide, or prostaglandin E,. Unidirectional sodium and chloride fluxes were mea- 
sured and used to calculate net ion fluxes. Compared to control monolayers, lipopolysaccharide, 
prostaglandin E2, IL-l~x, and TNF-cx decreased nmcosal-to-serosal and net sodium and chloride fluxes 
and increased serosal-to-mucosal movement of sodium and unmeasured ions. The effects o f lL- l~  were 
completely inhibited by its specific receptor antagonist IL-lra. Similar to the proinflammatory agents 
hpopolysaccharide and prostaglandin E_~, the inflammato W cytokines IL-1 o~ and TNF-o~ directly affected 
gallbladder epithelial cell absorptive function. Because normal gallbladder absorptive function is protec- 
tive against gallstone formation, alterations in absorptive function due to inflammation in the gallbladder 
wall may play a role in gallstone pathogenesis. (J GASTROINTFS'F SURG 2000;4:185-192.) 

KE:Y "~VORDS: Gallbladder absorption, gallbladder secretion, inflammato W cytokines, interleukm-1, 
tumor necrosis fiactor 

Gallbladder epithelial cells actively absorb sodium 
chloride, bicarbonate, and water-concentrating bile 5- 
to 10-fold and acidify common duct bile from a p H  
of 7.4 or greater to a p H  of  6.0 in fully concentrated 
gallbladder bile. Classicall}, absorption was attributed 
to a carrier-mediated, passive, apical sodium chloride 
cotransport  driven by an energT-dependent,  basolat- 
eral Na/K-ATPase.I,2 However,  more recent studies 
suppor t  parallel N a + / H  + and C I - / H C O 3  ion ex- 
change across the apical membrane of  the gallbladder 
cell. -~-6 Under  some circumstances including inflam- 
mation, the gallbladder secretes, rather than absorbs, 
fluid, r-m Gallbladder secretion may be mediated via 
prostaglandins and leukotrienes, :-'~,1~-14 intracellular 
calcium,lq cTstic fibrosis t ransmembrane conductance 
regulator (CTFR),  16 and nitric oxide.l" 

Inf lammat ion  in the gal lbladder wall is an early 
feature of  animal models  of  gallstones. ~8-23 Inflam- 

mation is noted as soon as cwstals appear and before 
stones form in the gal lbladder  lumen.  V~Te have 
shown that inflammation during gallstone formation 
is associated with increased myeloperoxidase and in- 
terleukin (IL)- i  activity in the gallbladder wall. -'4-27 
Moreover, recent work in our laboratory demonstrates 
that human cultured gallbladder cells express messen- 
ger R N A  for the IL-1 and TNF-c~ receptors IL-1 RI, 
TNF-o t  RI, and T N F - u  RII (unpublished observa- 
tions). There fo re  we explored the effects of  the in- 
flammatory wtokines  IL-1 o~ and TNF-cx on gallblad- 
der epithelial cell absorption. 

M E T H O D S  

Studies were performed using cultured human gall- 
bladder ( H C G E )  cells derived from a well-differenti- 
ated human gallbladder carcinoma. 28 T h e y  maintain 
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characteristics of normal gallbladder epithelial cells, 
especially the ability to absorb sodium chloride, bi- 
carbonate, and water in Ussing chambers in vitro via 
an amiloride-dependent process. The}, also exhibit W- 
tokeratin markers consistent with bilia W epithelial 
cells, develop polar orientation with clear apical villi, 
maintain a normal potential difference and tissue re- 
sistance in a Ussing chamber, and secrete mucus when 
stimulated with prostaglandin. H C G E  cells grow to 
confluent monolayers in 6 to 9 days on polycarbon- 
ate matrices and are easily mounted in the Ussing 
chamber where they maintain a potential difference 
of approximately l to 2 mV across the monolayer. 
Similar to gallbladder membranes, the monolayers of 
gallbladder epithelial cells exhibit amiloride-depen- 
dent absorption and acidify mucosal solutions. Cells 
have been maintained in Richmond, Virginia for the 
past 15 years and maintain characteristics of gallblad- 
der epithelial cells until passage 110. 2s Cells employed 
for the present study ranged from passage 80 to 87. 

Cells were subcultured from frozen cells in Eagle's 
minimum essential medium (no L-glutamine) plus 
10% fetal calf serum. Penicillin/streptomycin and 
sodium pyruvate were added. Cells (1 × 106) were 
then placed into wells with polycarbonate matrices 
placed at the bottom. Confluent monolayers were 
mounted in Ussing chambers. Monolayer confluency 
was verified visually and by the abilit3: of the mono- 
layer to maintain a potential difference in the Ussing 
chamber. 

H C G E  monolayers were mounted between two 
halves of a Plexiglas Ussing chamber with insert 
adapters filled on both sides with Krebs-Ringer's so- 
lution (control monolayers) or Krebs-Ringer's plus test 
substances. Monolayers were continually gassed with 
95% oxTgen-5% carbon dioxide. After the potential 
difference and short-circuit current (Isc) stabilized, 
cytokines or control solutions (saline-solubilizing cy- 
tokines) were added to the mucosal chamber. Poten- 
tial difference and Isc resistance were monitored eve W 
I0 minutes during the experiment. After a 10- to 20- 
minute period of stabilization, net sodium O N') or C1- 
(jcl) fluxes were determined by measuring nmcosal- 
to-serosal (Jms) and serosal-to-mucosal (Jsm) fluxes 
of trace amounts of eeNa (across one monolayer) and 
35C1 (across a paired monolayer). Jms and Jsm were 
measured during short circuit conditions (voltage 
clamp) by adding radioisotope to one chamber and 
measuring appearance in the opposite chamber every 
I0 minutes for three periods. Between measurement 
of unidirectional fluxes, chambers were emptied, 
washed gently, and refilled with solutions. Flux in the 
opposite direction was then measured by a similar 
technique. Net  flux was calculated as the difference 

between mucosal-to-serosal and serosal-to-mucosal 
fluxes using the following formula: Jnet = Jms + Jsm. 

By charge and mass balance at steady state, the num- 
ber of cations and anions transported across the mon- 
olayer must be equal. Therefore jN~ + jR+ = jcl + 
jR , where jR+ and jR are other cations and anions 
transported across the monolayer, jR+ and jR repre- 
sent essentially hydrogen and bicarbonate ions in this 
system. It is not possible to differentiate between 
hydrogen ion transported in one direction and bi- 
carbonate ion transported in the opposite direction. 
The equation above can then be rewritten as follows: 
0 = jN,, _ jcl + jR, where jR equals the net flux of all 
other ions. 

Control monolayers were exposed to Krebs- 
Ringer's solution alone. A set of control tests was per- 
formed in parallel with each test group to ensure that 
the monolayers were transporting normall): Positive 
control tests were performed by exposing lnonolayers 
to either 50 or I00 Ixg/ml of the proinflammatory 
agent lipopolysaccharide (from Escherichia toll; Sigma 
Chemical Co., St. Louis, Mo.) or to 0.I mmol/L 
16,16-dimethylprostaglandin E2 (99% pure by thin- 
layer chromatography; Sigma Chenfical). Test mono- 
layers were exposed to either 10, 50, or 125 pg/ml of 
human recombinant interleukin-1 (IL-lo~; R & D 
Systems, Minneapolis, Minn.), 125 pg/ml IL-lo~ in 
the presence of 250 to 1000 pg/ml of human recom- 
binant IL-I receptor antagonist (IL-1 ra; R & D Sys- 
tems), or 10 and 125 pg/ml of human recombinant tu- 
mor necrosis factor (TNF-oq R & D Systems). Data 
were calculated as the mean of five experiments and is 
reported as mean + standard error of the mean 
(SEM). Differences between test groups and specific 
control groups were statistically analyzed using Stu- 
dent's t test. Differences between nmltiple groups 
were analyzed by means of analysis of variance. 

RESULTS 

Net sodium chloride transport occurred across all 
monolayers from the mucosal to the serosal reservoirs 
of the Ussing chambers. As is the convention, ion flux 
in this direction is depicted as positive numbers. Po- 
tential differences ranged from -0 .8  to - 1.4 milli- 
volts and Isc from 101 to 215 milliamperes. Net  
sodium (8.1 to 10.7 mEq/hr-cm 2) and chloride (8.1 to 
11.1 mEq/hr-cm 2) fluxes across control monolayers 
varied from day to day, but on any given day, net 
sodium and chloride fluxes were similar to each other. 
Therefore, the calculated net flux of other ions, jR, 
was close to 0, ranging from only 0.4 to - 0 . 4  
mEq/hr-cm 2. As expected, net mucosal-to-serosal 
fluxes of sodium and chloride were largely due to high 
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Fig. 1. Effects of  IL-l(x on the flux of  sodium and chloride ions. In each case, ion flux for a given ion is 
compared to its paired control (Con) value. Note  the significant decreases in net sodium and chloride flux 
compared to control values. T h e  two bars on the right side of  the graph illustrate the calculated effects 
of  IL-lc~ on "other" ions. * = statistical significance at P <0.05. 

values of Jms and lowJsm (see control values in Figs. 
1-5) These results are consistent with active sodium 
chloride absorption by H C G E  monolayers and are 
similar to values of net sodium and chloride flux ob- 
served with intact gallbladder membranes placed into 
Ussing chambers.l-6,2° 

Effects of In t e r l euk in -  lc~ o n  H C G E  
Monolayer Ion Absorption/Secretion 

Monolayers were first exposed to three doses of IL- 
1~, 10, 50, and 125 pg/ml, and net sodium flux was 
examined. Net  sodium flux decreased from 8.5 +_ 0.6 
mg/hr-cm 2 in control specimens to 7.6 _+ 0.5, 6.0 _+ 
0.5 (P <0.07), and 5.1 _+ 0.8 (P <0.005) for 10, 50, 
and 125 pg/ml of IL-1, respectivel}: More extensive 
experiments examine both sodium and chloride fluxes 
were then performed at 125 pg/ml. 

Fig. 1 illustrates the effects of 125 pg/ml IL-I~  on 
sodium and chloride movement across H C G E  cell 
monolayers. IL-1 ~ significantly (P <0.002) decreased 
net sodium flux from 8.1 -+ 0.6 mEq/hr-cm 2 in con- 
trol monolayers to 4.0 _+ 0.3 mEq/hr-cm: in the test 
monolayers. Likewise net chloride flux decreased 
from 8.1 _+ 0.5 to 6.4 +_ 0.4 mEq/hr-cm 2 (P <0.02). 
The calculated flux of other ions jR increased signifi- 
cantly (P <0.04) from -0 .03  _ 0.9 mEq/hr-cm 2 to 
- 2 . 4  + 0.5 mEq/hr-cm 2 (net serosal-to-mucosal 
movement). 

Examination of unidirectional fluxes in Fig. 2 fur- 
ther delineates alterations in sodium and chloride 
fluxes. II-l~ caused a significant (P <0.005) decrease 
in mucosal-to-serosal flux from 10.9 _+ 0.9 to 9.2 _+ 
0.7 mEq/hr-cm:. Chloride flux also decreased from 
11.5 _ 0.7 to 9.5 +_ 0.8 mEq/hr-cm 2, but this decrease 
in chloride flux did not reach statistical significance 
(Fig. 2, A). The increase in serosal-to-mucosal move- 

ment of  sodium in monolayers treated with IL-l(x 
( -2 .8  +_ 0.3 vs. -5 .2  _+ 0.6 mEq/hr-cm 2) was even 
more significant (P <0.004), while serosal-to-mucosal 
chloride flux ( -3 .3  _+ 0.3 and - 3 . 0  + 0.5 mEq/hr- 
cm:, respectively) did not change (Fig. 2, B). 

Monolayers were exposed to IL-I~  in the absence 
and presence of its specific receptor antagonist IL-1 ra 
to determine whether the effects of IL-loL were spe- 
cific and receptor mediated. Results are shown in Fig. 
3. Note that 125 pg/ml I L - l s  alone again decreased 
net sodium absorption significantly (P <0.001). The 
addition of 250 pg/ml IL- l ra  increased net sodium 
flux slightly but not significantly. The  500 and 100 
pg/ml doses of IL- 1 ra, however, completely reversed 
the effects of II-loL so that the net sodium fluxes of 
9.2 + 0.5 and 8.3 +_ 0.6 mEq/hr-cm 2 were not statis- 
tically different from the control value of 9.3 _+ 0.8 
mEq/hr-cm: and were statistically higher (P <0.001 
and 0.002, respectively) than the value (4.7 _+ 0.3 
mEq/hr-cm:)  observed in the presence of  IL-lc~ 
alone. 

Effects of Tumor Necrosis Factor on HCGE 
Cell Monolayer Ion Absorption/Secretion 

TNF-c~ was first examined at two doses, 10 and 
125 pg/ml. Net  sodium flux decreased from 10.2 + 
0.8 mEq/hr-cm 2 in control solutions to 7.7 +- 0.7 
(P <0.03) and 4.7 +_ 0.3 (P <0.0001) mEq/hr-cm 2 tbr 
10 and 125 pg/ml, respectivel}: More in-depth studies 
were then performed with 125 pg/ml and TNF-~ .  

Similar to IL-I~,  125 pg/ml TNF-c~ (Fig. 4) sig- 
nificantly decreased net sodium absorption from 
10.2 __ 0.8 to 4.7 + 0.3 mEq/hr-cm-' (P <0.000) and 
net chloride secretion from 9.7 __ 0.9 to 6.3 -+ 0.2 
mEq/hr-cm: (P <0.002). The calculated net flux of all 
other ions changed from 0.4 -+ 1.1 to - 1 . 6  -+ 0.4 
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Fig. 2. Unidirectional fluxes of ions across the monolayers. Sodium (Na) flux is depmted on the left, 
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Fig. 5. Effects of IL-lc~ (125 pg/ml) compared to effects of lipopolysaccharide (LPS) (50 and 100 Izg/ml) 
and prostaglandin E_, (PGEe) (0. I mmol/L). A, Note that hke IL-lc~, LPS and PGE, decreased net 
sodium flux. The effects of LPS increased with the increased dose. B, Likewise LPS and PGE, decreased 
chloride flux to levels comparable to those observed with IL-1. 

mEq/hr-cm 2, but these changes were not statistically 
significant. The changes in net ion flux were due to a 
significant (P <0.0001) decrease in mucosal-to-serosal 
sodium flux and significant (P <0.0001 and P <0.01) 
increases in serosal-to-mucosal movement of sodium 
and chloride across the monolayer, 

E f f e c t s  o f  L i p o p o l y s a c c h a r i d e  a n d  
P r o s t a g l a n d i n  E 2 o n  H C G E  C e l l  I o n  
A b s o r p t i o n / S e c r e t i o n  

The effects of 50 and 100 ~tg/ml lipopolysaccha- 
ride on H C G E  monolayers is illustrated in Fig. 5. 
The effects of 125 pg/ml IL-le~ are again included for 
comparison. Lipopolysaccharide at these doses signif- 
icantly decreased net sodium 10.7 _+ 1.0 to 7.1 + 0.5 
(P <0.006) and 3.8 _+ 0.3 (P <0.0001) mEq/hr-cm 2, 
respectively (Fig. 5, .-t). Significant and progressive 
decreases in chloride flux also occurred from 11.1 _+ 
0.4 in control specimens to 8.1 _+ 0.5 (P <0.001) and 
6.1 + 0.7 (P <0.001) mEq/hr-cm: (Fig. 5, B). The de- 
creases in sodium and chloride fluxes with 100 p,g/ml 
lipopolysaccharide were similar to those observed 
with IL-loc Changes in net flux were due to signifi- 
cant decreases in mucosal-to-serosal sodium move- 
ment from 13.4 ___ 0.8 mEq/hr-cm-' to 10.6 + 0.5 

(P <0.02) and 9.4 -+ 0.5 (P <0.002) mEq/hr-cm 2, de- 
creases in mucosal-to-serosal chloride movement  
from 13.9 _+ 0.6 mEq/hr-cm 2 to 10.9 _+ 0.6 (P <0.004) 
and 10.3 +_ 0.5 (P <0.004) mEq/hr-cm 2, and increases 
in serosal-to-mucosal movement of  sodium from 
2.7 -+ 0.3 mEq/hr-cm -~ to 3.6 _+ 0.3 (P <0.04) and 
5.6 _+ 0.3 (P <0.001) mEq/hr-cm 2. The net flux of 
other ions changed from -0 .4  +_ 0.5 mEq/hr-cm-' to 
- 1.0 -+ 0.5 (not significant) and -2.3 _+ 0.4 (P <0.002) 
mEq/hr-cm e. 

Similar changes were observed with prostaglandin 
E,. Prostaglandin E, decreased net sodium flux sig- 
ni-ficantly from 10.2 -+ 0.8 mEq/hr-cm e to 4.1 _+ 0.7 
(P <0.002) mEq/hr-cm e and net chloride flux from 
9.7 +_ 0.7 to 7.3 _+ 0.4 (P <0.01) mEq/hr-cm-'. The 
observed changes resulted from significant decreases 
in mucosal-to-serosal sodium movement from 12.9 _+ 
1.0 mEq/hr-cm -~ to 8.6 _+ 0.4 (P <0.001) and increases 
in serosal-to-mucosal movement  of sodium from 
2.8 - 0.3 to 4.4 -+ 0.4 (P <0.007) mEq/hr-cm-'. Again, 
the net flux of other ions changed significantly from 
0.4 + 0.1 to -3 .17  _+ 0.3 (P <0.002) mEq/hr-cm 2. 
These results indicate that lipopolysaccharide and 
prostaglandin E, decrease active absorption of sodium 
chloride and increase serosal-to-mucosal movement 
of sodium and other ions. 
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D I S C U S S I O N  

The experiments presented herein were designed 
to determine whether inflammation and inflammato W 
cytokines in the gallbladder wall are capable of di- 
rectly altering gallbladder absorption and secretion. 
Inflammato W cytokines also likely affect gallbladder 
epithelial function indirectly via stimulation of gall- 
bladder nerves, white blood cells, and fibroq~tes in the 
gallbladder wall, but these mechanisms were pur- 
posely not studied here. Cultured gallbladder epithe- 
lial cell monolayers are pure epithelial cells eliminat- 
ing potential sources of cvtokines other than IL-1 o~ 
and TNF-ci,  chemokines, eicosinoids, and neural 
transmitters with the potential to alter gallbladder ab- 
sorptive function. 

H C G E  cells have a potential disadvantage. They 
were derived from a well-differentiated gallbladder 
carcinoma and the potential exists that these cells may 
respond differently from normal gallbladder cells. As 
discussed in Methods, H C G E  cells have been exten- 
sively studied and maintain characteristics and func- 
tion indistinguishable from normal cells. Because suit- 
able monolayers of normal cells are not available for 
study in the Ussing chamber, it was thought that these 
cells were adequate for probing the relationship be- 
tween inflammation and gallbladder function. 

The  possibility remains that IL-lo~ and TNF-c~ 
stimulated H C G E  cells to produce prostaglandins, 
which in turn altered sodium chloride transport by an 
autocrine effect. In separate experiments in our labo- 
ratory, increases in prostaglandin E~ and E, concen- 
trations in the media did not occur when HCGE cells 
were exposed to IL-lo~ and TNF-cx. Moreover, the 
baseline levels ofprostaglandin E I and E, were a mag- 
nitude lower (~lnol/L vs. retool/L) than the amount 
required for stimulation of the membranes in Ussing 
chambers. Therefore we believe that the effects of 
IL-lo~ and TNF-o~ observed in the present studies 
represent direct effects on gallbladder epithelial cells. 
A direct, receptor-mediated effect of IL-loL is also 
supported by the inhibition of IL-lix effects by its 
specific receptor inhibitor IL-1 ra. 

The composition of fluid in each compartment of 
the Ussing chamber was the same and experiments 
were performed under short circuit conditions to 
eliminate chemical and electrical gradients across the 
monolayer. Therefore net ion flux across the mono- 
layer represents active transport of ions. IL-loL and 
TNF-o~ decreased net sodium chloride flux across 
H C G E  cell monolayers and alterations in ion trans- 
port resulted largely from a decrease in nmcosal-to- 
serosal sodium transport. In addition, there were sig- 
nificant increases in serosal-to-mucosal movement of 
sodium and other ions. However, the effects of IL-l(x 

and TNF-o~ were not exactly the same. Although IL- 
l(x increased movement of sodimn and other ions into 
the lumen, TNF-oL increased serosal-to-mucosal 
movement of sodium, chloride and, to a lesser extent, 
"other" ions. 

The methodolog T employed here is standard but 
is not capable of determining which transporters fia- 
cilitated the process. Current theo W holds that under 
normal transport conditions, sodium chloride absorp- 
tion is driven by energT-dependent, basolateral 
Na/K-ATPase.l.e Because nearly equal amounts of 
sodium and chloride are transported in vitro by the 
gallbladder, it was long thought that a single Na+/CI 
cotransporter was responsible for ent W of sodium and 
chloride into the cell across the apical membrane. 
However, more recent evidence suggests that ent W of 
sodium and chloride ions into the cell is due to passive 
parallel Na+/H + and CI - /HCO3-  ion exchangers. ~-~' 
Stimulation of H C G E  cells by IL-lo~ and TNF-o~ 
caused not only a decrease in net sodium chloride ab- 
sorption but also a significant disparity between trans- 
port of the two ions. This was demonstrated in our 
data as significant transport of "other" ions. The ex- 
perimental conditions do not allow us to determine 
whether the observed changes in ion movement in- 
volved only alterations in function of the parallel 
antiport exchangers or if other transporters or ion 
channels were activated during exposure to the cy- 
tokines. The identity of"other"  ions involved in the 
cytokine-induced alterations in gallbladder absorp- 
tion/secretion are also not apparent from these stud- 
ies, although considering the composition of Krebs- 
Ringer solution, the "other" ions are likely bicarbon- 
ate and/or hydrogen ions. 

The changes in ion transport caused by IL-l(x and 
TNF-(x were very similar to those observed when 
monolavers were exposed to the proinflammatory 
agents lfpopolysaccharide and prostaglandin E,. These 
results indicate that the gallbladder epithelial cell's re- 
sponse to inflammation, whether mediated through 
cytokines, eicosinoids, or lipopolysaccharide, is simi- 
lar. Elsewhere in the gastrointestinal tract, inflamma- 
tion causes several "protective" effects including mu- 
cus secretion, secretion of fluid (to wash away noxious 
and infectious agents?), and increases in nmtility to 
clear the lumen of the responsible agents. We have 
shown that gallbladder epithelial cells respond to in- 
flammation in a similar manner. Cwstalline compo- 
nents of stones induce an inflammatory cascade in 
normal guinea pig gallbladder and inflammation 
alters mucus secretion and gallbladder absorption in 
vivo.24 27 The present studies show that changes in ab- 
sorption may in part be mediated through direct ef- 
fects of cytokines on gallbladder epithelial cells. 
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Mthough chronic inflammation and fibrosis result 
from the presence of gallstones, infammation is also 
an early event in gallstone formation that actually pre- 
cedes the appearance of gallstones. 2- In fiact, we have 
shown that earl), gallstone inflammation can be in- 
duced by biliarv crystals present in bile before gall- 
s t o n e s  form. 24-2" 

Inflammation may be of critical importance in the 
cascade of events leading to gallstone formation and 
gallstone-induced gallbladder disease. Mthough de- 
creased absorption by an inflamed gallbladder might 
be protective by diluting and eliminating noxious lu- 
minal agents, we have shown that normal concentra- 
tion and acidification of bile is protective against gall- 
stone formation and growth/' Therefore earl)" in- 
flanunation noted in the gallbladder wall may con- 
tribute to the formation and growth of gallstones by 
interfering with normal gallbladder function. After 
gallstones form, inflammation and fibrosis may occur. 
These inflammatory changes are thought to be due to 
intermittent obstruction of  the cystic duct and/or 
chronic irritation of the mucosa by the gallstones. 
The  role played by inflammation in the symptoms 
that patients have from their gallstones and late gall- 
bladder dysfunction is not understood. Further stud- 
ies are required to determine the exact events that oc- 
cur in vivo and the mechanisms that lead to cytokine- 
induced alterations in gallbladder cell absorption and 
secretion. 
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Discussion 
Dr. H. Pitt (Milwaukee, ~qs.). A recent study has sug- 

gested that exposing pancreatic cells to lipopolysaccharide 
is a model for acalculous acute cholecystitis. Are your find- 
ings perhaps more related to what occurs in the gallblad- 
der during sepsis than to gallstone formation? 

DI; Rege. My interest has focused on gallstone-induced 
inflammation,  but inflammation from any source would 
cause these changes. This has wider significance and would 
apply to patients in critical care units who have episodes of  
sepsis. It would also apply to patients with symptomat ic  
cholecystitis who have bacteria in their bile. 

Dr. B. Svanvik (Linkoping, Sweden). We studied the 
effects of  prostaglandins many years ago. Adding pros- 

taglandins to the mucosa will affect the transport of  fluid 
and electrolytes m the same way as you have seen in the 
Ussing chamber. 

Dr. Rege. Looking at }'our in vivo experiments in cats, it 
is clear that these substances can affect other cells in the 
gallbladder wall such as neurons, fibroblasts, or white cells. 
I think that these cells can produce substances that cause 
changes in absorption and secretion. The  significance of 
this work, which is slightly different from what both of us 
have studied in vivo, is that it shows that these substances 
have direct effects on gallbladder epithelial cells, since no 
other cells are present in our monolayers. These cells also 
have receptors for cytokines. 
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Eicosanolds  are involved in gal lhladder  inf lammation,  epithelial  water  transport ,  and mucous  secretion.  
Phospholipase A, enzymes liberate arachidomc acid from memhrane phosphohpids for the synthesis of 
eicosanoids. The purpose of this stud}' was to determine the effect of selective cytoplasmm and secretory 
phospholipase A2 inhibltors on basal anti stimulated arachldonlc acid and prostaglandm E, release in gall'- 
hladder cells. Western immunoblotting was employed to evaluate hoth cvtosolic and secret()t3." phospho- 
hpase A 2 enzymes in human gallbladder cells. Cells were incubated fi)r 22 hours with ~H-labeled arachi- 
donic acM. Arachidonic acid and prostaglandin E, release ~ as then ineasured in the supernate after 
2 hours of exposure to human interleukin-1 [3, alone or after pretreatment for 1 hour with the inhibitors. 
Unstimulated gallbladder cells express both 85 kI)a cvtosolic and 14 kDa secreto W phosphohpase A,. 
The 85 kDa phospholipase A, was induced by mterleukin-113, whereas there was no apt)arent change in 
secreto D" phosphohpase A_, enzyme concentrations. Both the secretory phosphohpase A2 inhibitor p-hro- 
nu)phenylacyl hromide anti the cvtosolic phospholipase A, lnhihitor arachidonyl trifluoromethvl ketone 
decreased basal anti interleukdn-113-stunulated arachMonic acid release. In contrast, only inhibmon of 
cytosolic phospholipase A, led to a decrease in intcrleukin-113-stimulated prostaglandin E, release. Basal 
and mterleukln-1 [3-stimulated arachidonic acid release appears to be the result of the activit T of hoth cy- 
tosolic and secretory phospholipase A,. Interleukm-tIB-stimulated prostaglandm E, release appears to 
be depemlent on the activity of cvtosolic phospholipase A 2. (J (; \sl re)Ix' I l s l St r(; 2000;4:193-200.) 
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Prostanoids have been implicated in the develop- 
ment  of  gallbladder disease. Cholecystit is  has been 
associated with increased gallbladder prostaglandin 
E: (PGE2) product ion,  l P G E ,  has been shown to 
stimulate the product ion of  mucin and other  glyco- 
proteins fi'om gallbladder epithelium, 2,~ and an in- 
crease in synthesis of  PGE,  has also heen associated 
with decreased biliary motility. 4 Arachidonic acid, 
the precursor  molecule  for eicosanoids,  has also 
heen implicated in the development  of  gallbladder 
disease. Elevated levels of  free arachidonate  have 
been found in the bile of patients with cholesterol 
crystals. ~ T h e  addi t ion  of  a rachidonate  has been 
shown to increase mucin product ion in gallbladder 
explants/ '  

The  phospholipase A 2 (PLA2) iantilv of proteins is 
thought  to provide the primary mechanism for the 
generation of free arachidonic acid. The  PLA: pro- 
teins catalyze the hydrolysis of  f:att3.' acyl bond at the 
sn-2 position of  phospholipids, leading to the libera- 
tion of free fatty acids, including arachidonic acid, and 
the generat ion of  lysophospholipids.  -~j Increased 
PLA 2 activity has also been associated with gallblad- 
der disease. In ischemic models of  acalculous chole- 
cystitis, PLA: activity is increased, t: Elevated levels of 
PLA2 enzymes have been demonstra ted  in the bile 
of patients with gallstones. ~ In addition, treatment of 
patients with gallstone disease with ursodeoxwcholate 
has been shown to decrease biliary levels of  PLA, 
proteins, t4 
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Numerous enz}anes have been demonstrated to dis- 
play PLA: acrivit-y. Two groups of enzylnes are thought 
to be responsible for most of the free arachidonic acid 
generated for subsequent formation ofeicosanoids. One 
group consists of two proteins categorized as secretory 
PLA: enz}anes (sPLA:). The s P L ~  enz3Ines consist of 
the closely related group II and group V PL.~ engines. 
Both sPLA_, enzx~nes are 14 kDa proteins that are se- 
creted. ~s,t6 The sPLA2 engines require millimolar con- 
centrarions of Ca 2+ and bind to cell sur~ace proteogly- 
cans 17q9 to catalyze the release of fatt T acids from the 
sn-2 position of cell membrane phospholipids. The 
sPLA2 enzymes do not display substrate specificity as 
they liberate linolenic acid and arachidonic acid from 
cell membranesJ (' These sPLA_, enz~mles have clearly 
been demonstrated to be important for prostanoid for- 
marion in a number of cell systems, e°--'2 

An additional PLA: enzyme that is important in 
prostaglandin production is the group IV cytosolic 
PLA, (cPLA:) enzyme. The cPLA2 enzyme is an 85 
kDa intracellular protein that shares no sequence ho- 
mology with the sPLA: enz3qnes. -'3.24 In contrast to the 
sPLA2 enz3maes, cPLA, enzyme requires only micro- 
molar concentrations of Ca :+ and selectively hydrolyzes 
phospholipids with arachidonyl residues at the sn-2 po- 
sirion. 25-27 A rise in intracellular calcium leads to translo- 
cation of the cPLA, enz)tne to the nuclear membrane 
and the endoplasmic reticulum. -'s This translocation, as 
well as phosphorylarion of the molecule, appears to be 
necessary for subsequent release of free arachidonic 
acid. 29-31 The cPLA_, enzyme has also been clearly 
demonstrated to play an important role in prostanoid 
formation in some cell systems. 3-',33 

The  aim of the current study was to determine 
the role of sPLA, and cPLAe enzyme activi W in the 
release of free arachidonic acid and PGE, in hmnan 
gallbladder epithelial cells. \Ve utilized p-bromo- 
phenylacyl bromide (BPB) to inhibit sPLA2 enzyme 
activi W. BPB alkylates a histidine residue on the 
sPLA2 enzymes, which leads to inactivation. 3~ BPB 
appears to have little effect on cPLA2 enzyme activ- 
i~. 35 Arachidonyl trifluoromethvl ketone (~cACOCF3) 
was employed to inhibit cPI~A, enzyme activit3;. 
AACOCF 3 is a potent competitive inhibitor of cPLA, 
enz}nne and appears to have little effect on the sPLA, 
enz}m-tes. 36-38 Interleukin-l[3 (IL-I[3) was chosen as a 
stimulant for this study as it stimulates PLA2 enzyme 
activit T in numerous cell lines. 3~-41 Interleukin-1 also 
appears to be a relevant mediator of gallbladder in- 
flammation in some animal models of gallbladder dis- 
ease. Lipopolysaccharide has been shown to produce 
gallbladder inflammanon and this response may be 
mediated in part by interleuldn-1.42 This stimulus 
may also be relevant in human disease, as interleukin- 
1 levels have been shown to be increased in diseased 
gallbladders. 4~ 

M E T H O D  A N D  MATERIALS 
Cell  Culture 

A human gallbladder epithelium cancer cell line 
was used for these experiments. The  origin of the 
cells, cell freezing and thawing, and cell culture meth- 
ods have been previously described. 44 Cells were 
maintained in Dulbecco's minimum essential medium 
(DMEM) with 10% fetal bovine serum, 1% nonessen- 
tial amino acids (Sigma, St. Louis, Mo.), 5 ml/L an- 
tibiotics (10,000 units/ml penicillin, 10 mg/ml strep- 
tomycin), 1% sodium p xwuvate (100 mmol/L), 5 milL 
glutamine (200 mmol/L), 2.5 mi lL  amphotericin B, 
and I milL  bovine insulin (100 ~g/30ml). Cells were 
incubated at 37 ° C in 95% air: 5% carbon dioxide. 

Western Blot Analysis 

For ~iVestern blotting of PLA2 proteins, cells were 
plated onto 12-well culture plates (Costar, Cambridge, 
Mass.) in I ml of DMEM. At 70% confluence the 
medium was changed. Those wells designated serum 
free received 1 ml of DMEM, whereas the others re- 
ceived 1 ml of DMEM with 10% fetal bovine serum. 
After 24 hours, cells were washed with Krebs- 
Ringer's-bicarbonate buffer (KRB; Sigma), and ap- 
propriate wells were exposed for 2 hours to IL-1 [3 
(Merck DuPont Laboratories, Glenolden, Pa.). The 
cells were scraped from the plates and centrifuged. 
The cell pellets were lysed for 10 minutes at room 
temperature with 0.9% NaCL, 20 mmol/L Tris-HCI, 
20 mmol/L [3-glycerophosphate, 0.1% sodium dode- 
cyl sult:ate (SDS), 10 mg/ml apoprotinin, 10 Ixg/ml 
leupeptin, and 10 ~g/ml pepstatin A (all from Siena). 
To remove particulate matter these samples were cen- 
trifuged for 20 minutes at 10,000g and the resultant 
supernate was collected. Cell protein content was de- 
termined 4~ and 18 Ixg protein samples were elec- 
trophoresed on a 7.5% SDS-polyacrylamide gel. Each 
cPLA_, protein gel was run with a molecular weight 
standard (Santa Cruz BiotechnoloD ~, Santa Cruz, 
Calif:), and the sPLA2 protein gels were run with a hu- 
man synovial sPLAe protein standard (Cayman, Ann 
Arbor, Mich.). Samples were transferred to nitrocellu- 
lose, and the membranes were exposed to either the 
sPLA: protein antibody (Upstate BiotechnoloD; Lake 
Placid, N.Y.) or the cPLA_~ protein antibody (Santa 
Cruz Biotechnolog39 for 2 hours. 

The cPLA antibody is a rabbit polyclonal antibody 
produced by imnmnization with the amino terminal 
domain, amino acids I to 216, of human cPLA,. It uni- 
formly identified the human cPLA standard produced 
in Lvc'herichia coli as the 3 5 kDa polyhistidine-tagged fu- 
sion protein (Santa Cruz BiotechnoloDg. It does not 
cross-react ~ith other phospholipases (Santa Cruz 
Biotechnolo~'). The sPLA, antibody is a mouse-pro- 
duced antibody with the imnmnogen being purified 
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human 14kDa sPLA,. It does not react with other 
PLA2 enzymes isolated from pancreas or snake venom, 
and the antibody will detect 0.1 ng sPLA_, per 5 ng pro- 
tein (Upstate BiotechnoloDg. The antibody uniformly 
cross-reacted with the human 14kDa sPLA, standard'. 

The membranes were then treated for 30 minutes 
with pero:ddase-conjugated antimouse immunoglob- 
ulin G (Santa Cruz Biotechnology) and then exposed 
using the enhanced chemiluminescence method 
and detection reagent (Aamersham, .~lington Heights, 
I11.) for 1 minute, after which the.,," were exposed for 
10 minutes to Kodak X-O Mat x-ray film (Kodak, 
Rochester, NA:) to detect the proteins recognized by 
the antibodies. Changes in PLA e enzyine content were 
estimated visually. 

assa); which uses an acetylcholinesterase tracer (Cay- 
man) as described previously. 44 The cells were washed 
and frozen for subsequent cell protein measurement. 
Cells were thawed, scraped into IN NaOH,  and pro- 
tein content was determined using bovine serum albu- 
min as a standard. PGE,  release was expressed as 
picograms of PGE_, per milligram of cell protein. 

Statistical Analysis 

,MI statistical analyses were performed by means of 
analysis of variance. Differences in mean values for 
each group were determined by Fisher's least signifi- 
cant difference. Significance was defined as any dif- 
ference with a p value of less than 0.05. 

Measurement of Extracellular 
Arachidonic Acid Release 

Cells were grown to confluence on 24-well cell cul- 
ture plates (Costar). Cells were then labeled with 0.5 
txCi/ml of ~H-labeled arachidonic acid (Merck 
Dupont,  Glenolden, Pa.) for 20 hours. 'Wells were 
washed three tilnes at 5-minute intervals with Hank's 
buffered saline solution containing 0.1 mg/ml of 
bovine serum albumin (HBSS/BSA) to remove any un- 
incorporated ~H-labeled arachidonic acid. The cells 
were exposed to IL-I[3 in HBSS/BSA for 2 hours. 
Wells designated to receive the cPLA_, enz)Ine inhibi- 
tor :L&COCF~ (Cayman) or the sPLA, enzyme in- 
hibitor BPB (Siena) were treated with these agents in 
HBSS/BSA for 1 hour prior to exposure to IL-113. At 
the end of the treatment period, supernates were re- 
moved, cleared of detached cells by centrifugation, and 
assayed for radioactixqt 3, by liquid scintillation counting. 

Measurement of Prostaglandin E 2 Release 

Cells were grown to confluence on 24-well cell cul- 
ture plates. The cells were then washed with KRB and 
exposed for 2 hours to IL-113 (50 units/ml) in KRB. 
_again, wells designated to receive the inhibitors were 
treated with these agents 1 hour prior to the addition of 
IL-113. Supernates were collected and PGE, concen- 
trations measured in duplicate by a colnpetifive enz)tne 

RESULTS 
Western Blot Analysis of Cytosolic and 
Secretory Phospholipase A 

Significant levels of sPLA, and cPLA, enz~Ines were 
expressed in unstimulated gallbladder cells (Fig. 1). 
The sPLA: enz)Ine migrated at approximately the 14 
kDa molecular weight size to the same point as the hu- 
man synovial sPLA, standard. The 85 kDa cPLA, en- 
z)1ne was identified at approfimately 110 kDa as de- 
termined by molecular weight markers..Mthough the 
cPLA, enz)Tne has been determined to be an 85 kDa 
protein by analysis of its messengerRNA, it t3]fically 
migrates to the 110 kDa position in SDS. 2L> The ad- 
dition of IL- 113 did not appear to induce production of 
sPLA: enzyme; however, there did appear to be some 
induction of cPLA, enzxtne by 1 L-1 [3 as compared to 
cells incubated in serum-containing medium. Depriv- 
ing the gallbladder cells of serum for 24 hours did not 
appear to affect basal sPLA, or cPLA, production. 

Extracellular Arachidonic Acid Release 

Both the cPLA, enzyme inhibitor ,-L¢COCF~ and 
the sPLA,_ enzyme inhibitor BPB decreased basal 
extracellular arachidonic acid release (Table I). The 
addition of IL-1 [3 increased extracellular arachidonic 
acid release in a concentrat ion-dependent fashion. 
,~L&COCF~ significantly decreased arachidonic acid 

Table I. ~H-labeled arachidonic acid release by gallbladder cells 

No t r ea tmen t  IL-l[~ (10 units/ml) IL-l[3 (50 units/mi) 

Buffer 2506 _+ 96 3341 + 243* 3762 --- 270* 
:k_k( '()(:F; (10 bumd/L)  1440 _~ ~)0" 27q ~) -~ 6 8 t  2c)29 + 114~" 
BPB I I(~ txnml/ l . )  1570 + 223* 3046 + 1t() 31~2 +- 137+ 

n - t,, n r cp , , r t~d  a, ( p \ | I m l  

~/~ (I [)~, ' , .  } ILIIh_l ,II~31]C 

I f '  c l , J g , ,  I 1 - I [ ~ a l , , n ~  
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Fig. 1. Western immunoblot of human gallbladder epithelial cells 
with antibodies directed against secretory phosopholipase A, 
(sPL~I:) and cvtosolic phospholipase A: (cPLA:) enzymes. Condi- 
tions: SE cells serum starved for 24 hours; S, norlnal serum- 
containing medmm with no treatment; lot.', serum-containing 
medmm with 2 hours of exposure to IL-If3 at I0 umts/ml, YOU, 
serum-containing medmm with 2 hours of exposure to IL-1 !3 at 
50 umts/ml. A standard molecular weight marker Is seen in the 
cPLA_, protein gel, whereas a 14 kDa sPLA, marker is seen m 
the sPLA: protein gel. 
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Table  II. Prostaglandin E, release by gallbladder cells 

No treatment IL-I[~ (50 units/ml) 

Buffer 646 + 112 5483 _+ 432* 
_-La~COCF~ (10 p.mol/L) 901 _+ 70 093 _+ 80t 
BPB (10 gmol/L) 673 -+ 117 6733 _+ 499* 

*P <( .( : ~s. buffer ahme. 
fp <0.05 vs. IL-l~8 alone. 
n = 8 reported as p:cograms of PGE 2 per m:lligram of cell protein. 

release in response to 10 units /ml and 50 uni ts /ml  
of  IL-I[3. BPB also was able to decrease IL- I [3 -  
s t imulated arachidonic  acid release, and this effect  
reached statistical significance at an |L -  l [3 concentra- 
tion of  50 units/ml. 

P r o s t a g l a n d i n  E 2 R e l e a s e  

Trea t ing  uns t imula ted  gal lbladder cells with 
, ~ C O C F ~  or BPB did not  significantly change basal 
P G E ,  levels (Table II). T h e  addition of  50 units/ml of  
1L-1 [3 significantly stimulated P G E ,  release in gall- 
bladder cells. Trea tment  of  the cells with %~COCF~ 
decreased IL-l[3-st imulated P G E ,  release to nearly 
basal levels. In contrast, t reatment  of  cells ~ ith BPB 
significantly increased IL- l [3-s t imula ted  P ( ;E ,  re- 
lease ab(we that of  cells treated ~ ith IL-1 [3 ahmc. 

D I S C U S S I O N  

Inflammatory gallbladder disease continues to ac- 
coun t  for considerable  morbidit)" and mortali ty.  
Prostanoids  mediate  many inf lammatory  processes 
and may contr ibute  to gallbladder pathophysiology. 
T h e  availability of  free arachidonic acid is a limiting 
factor in the p roduc t ion  of  prostaglandins,  and the 
generat ion of  free arachidonic acid is dependent  on 
PLA 2 enzyme activit3 ~ in most systems that have been 
examined. 

Interleukin-113 is an important  mediator  of  inflam- 
mation. T h e  relationship between IL-113, the various 
PLA: enzymes, and prostanoid productum appears t~, 
vary between cell lines. IL-I[3 has been shown to 
st imulate P G E :  p roduc t ion  th rough  a cPl ,A,  en- 
zyme-dependen t  process in human hmg filwoblasts, 4'' 
human amni~tic \VIS[ ! ce l l s ) -hnman lung adcnocar- 
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cinoma cells, 4'~ and murine osteoblasts. 4v.~° In contrast, 
IL-1 [3 has been demonstrated to stimulate PGE2 pro- 
duction through an sPLA: enzyme-dependent mech- 
anism in rabbit chondrocytes, ~1 rat glomerular mesan- 
gial cells, ~2,s3 and rat fibroblasts. ~4 In rat ovarian cells 
IL-113 has been shown to increase expression of both 
sPLA, and cPLA, enzymes. 55,~6 It is apparent that 
IL- 1 [3 is capable of stimulating release of arachidonic 
acid through both PLA: enzyme pathways, and that 
the relative importance of these pathways may depend 
on the metabolic pathways of the target cell. 

In our study we have demonstrated that the addi- 
tion of the ctSLA, enzyme inhibitor .~-~COCF~ or 
the sPLA2 enzyme inhibitor BPB significantly de- 
creased basal arachidonic acid release from human 
gallbladder epithelial cells (see Table I). V~e have also 
demonstrated that the addition of IL-113 produces 
an increase in extracellular release of arachidonic acid 
in a dose-dependent  manner and that this IL-l13- 
stimulated release of arachidonic acid can be de- 
creased by the addition of BPB or AACOCF~. There- 
fore basal and IL-113-induced release of arachidonic 
acid into the extracellular medium involves the activ- 
ity of both cPLA2 and sPLA2 enzymes. 

In contrast to their effects on basal arachidonic 
acid release, neither inhibitor significantly affected 
basal PGE, release by the gallbladder cells (see Table 
II). The addition of IL-113 at a concentration of 50 
units/ml increased PGE, release eightfold over con- 
trol conditions. Treatment of the cells with the cPLA, 
enzyme inhibitor :L&COCF~ completely blocked the 
IL-113-stimulating effects on PGE2 production. In 
contrast, inhibition of sPLA2 enzwne with BPB not 
only flailed to block IL- 113-stimulated PGE2 release, it 
actually appeared to slightly increase prostanoid re- 
lease from the stimulated cells. Therefore  IL-113- 
stinmlated PGE, release from human gallbladder ep- 
ithelium is mediated through cPLA, enzyme activity.= 

If both cPLA~ and sPLA, enzyme activity is in- 
vohed in extraceliular release of arachidonic acid, why 
does only inhibition of cPLA: enzyme activity lead to 
decreased PGE,  release? One possibility.' is that the 
activation of sPLA2 enzyme depends on the prior ac- 
tivity" of the cPLA, enzyme. Dennis et al. ~--~'' have 
demonstrated that lippopolysaccharide/platelet-acti- 
rating fiactor stimulation of PGE,  release from the 
macrophage-like P388DI cell line involves an early 
activation of cPLA 2 enzyme that is necessary for the 
subsequent activation of'sPLA, enzwne. Although ac- 
tivation of cPLA, enzyme was required fi)r maximal 
PGE: synthesis, it ~ as actuall~ the acti~ itv of sPLA, 
enzyme that provided most of the arachidonlc acid fi)r 
the cycloox~ genase enzymes in those studies. \n in- 
terrclationshill between cPl, X, and sPL X, clwvlnc ac- 

tivit T has also been found in Chinese hamster ovarian 
cells, ('~ rat peritoneal macrophages, ('l and murine mast 
cells. < If sPLA2 enzyme activation also requires prior 
cPLA, enz31ne activit3. T in gallbladder epithelial cells, 
then we may be directly inhibiting the IL-1 [3 stimula- 
tion of sPLA: enzyme by treatment with BPB and in- 
directly inhibiting the activation of sPLA2 enzyme 
with ,~&COCF~. Therefore, even though it is possible 
that sPLA2 enzyme may be primarily responsible for 
extracellular arachidonic acid release, both inhibitors 
could decrease this activit3.= 

It is also possible that specifc metabolic pathways 
exist for prostanoid production. The arachidonic acid 
pool produced by the cPLA: enzyme may be isolated 
intracellularlv and specifically available for PGE2 pro- 
duction. \Ve have previously demonstrated in other 
cell lines that specific stimuli produce a prostanoid 
species through a specific cyclooxTgenase pathway, 
and another prostanoid species through a different cv- 
clooxTgenase pathway, a3 Further studies are needed 
using the specific PLA, inhibitors to ascertain the ef- 
fect of  these agents on the formation of other 
prostanoid species as well as the effects of these agents 
in altering cytokine-produced gallbladder mucosal 
cell injun.~ and mitogenesis. 

Since our assay measured the release of extracellu- 
lar arachidonic acid, and there was poor correlation 
between this effect and PGE 2 release, the relevance 
of the extracellular pool of arachidonic acid in these 
cells must be questioned. The sPLA 2 enzymes are in 
Fact secreted enzymes that bind to the cell membrane 
to exert their effect, tr'-~s Although numerous re- 
searchers have presented evidence that extracellular 
arachidonic acid is taken up and processed to 
prostanoids in some cell lines, 1',2° 2t this may not hold 
true for all cell types. The extracellular arachidonic 
acid pool may be irrelevant to gallbladder epithelial 
prostanoid production. This certainly does not pre- 
clude the possibility that the extracellular arachidonic 
acid may be important for processing to eicosanoids 
hy neigllhoring cells in an in vivo setting. In contrast 
to sPLA2 enzymes, cPLA, is an intracellular enzyme 
that exerts its effect on the endoplasnfic reticulmn and 
the nuclear membrane. 2-,> Thus cPLA2 enzyme may 
be the primary provider of arachidonic acid to cy- 
clooxTgenase enzymes in gallbladder epithelial cyto- 
plasm. Additional research to determine the effect of 
IL-113 and these inhibitors on intracellular levels of 
flee arachidonic acid will be required to ex ahmte these 
possibilities. 

Further complicating the evaluation of the roles of 
sPl,-~,s and cPI, k 2 enz.wnes in cell culture is the pres- 
ence of other enzymes ~ ith PL \~ activity= An mtra- 
cellular 80 kDa calcium-independent enzyme x~ lth 
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PLA2 activity (iPLA_,-group VI) has been described. 64 
:Although this enzyme appears to function primarily 
as a housekeeping enzyme involved in phospholipid 
remodeling, ¢'~ its PLA, enzyme activit~ - has been 
shown to be inhibited by .~'COCF~/'¢'.c'-" It is there- 
fore possible that some of the effects that we have as- 
cribed to intracellular cPLA, enzyme activit T may in 
fact be mediated through the intracellular iPLA, en- 
zyme. Unfortunately no inhibitor specific tbr the 
iPLA2 enzyme has been developed. In addition, an- 
other 14 kDa sPLA2 (group X) enzyme has recently 
been isolated from human fetal lung.('* The role of 
this enzyme in prostanoid production is unknown. 

C O N C L U S I O N  

Interleukin-113 is able to stimulate both free arachi- 
donic acid release and PGE: production from human 
gallbladder epithelial cells. The IL- 1 13-stimulated re- 
lease of extracellular arachidonic acid appears to in- 
volve both sPLA, and cPLA2 enzyme activity. In con- 
trast, IL-113 stimulated PGE, release is only blocked 
by the inhibition of cPLA2 enzyme activi~= Based on 
tile results of the present study and a previous report, 
human gallbladder mucosal cells produce PGE, in re- 
sponse to inflammatory stimuli primarily through the 
activity of the 85 kDa cytoplasmic PLA, and inducible 
cyclooxTgenase 2 enzymes. 44 

ll "e greatly apprecmte the' technical asstst, m, e 0f [;~sba'a,~t G. Desb- 
pa.,te, M . S .  aml h)m Tolma.. B.S. 
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Predicting the Need for Colectomy in Pediatric 
Patients With Ulcerative Colitis 

Rh'hard A. Fah'o,e, JJ:, 3I.D., L. Glen Lewis, 3I.D., Brad ~1: lthmle~; M.D. 

q~)tal colectonw is curative fi~r ulcerative colitis. However, many pechatric patients are ntedicalh" man- 
aged anti may not require surgeD'. There are currently no available criteria to identif)" chddrcn who 
will benefit fiom early colcctomy. The purpose of this reviex~ s~as to identify criteria associated with 
the need for colectomv. A 15-year review of patients at a malor pedmtric center with biopsy-proved ul- 
cerative colitis was conducted. Age at the time of the first symptom, diagnosis, and surgery were 
recorded as well as steroid dependence, site of disease, extraintestinal manifestations, and family his- 
tory. Sex-enD--three patients ranging m age from 1 to 18 )'ears were identified. Thirty-seven patients 
(50.1%) required total colectomy before the age of 18. The average patient age at the time of the first 
documented symptom was 11.3 + 0.5 ,,'ears. Among patients who x~ ere steroid dependent and had pan- 
colitis, 73 % required colectomy. Patients with these factors faded medical management 77% (27 of 35) 
of the time, and colectomy was performed within 3 years of diagnosis. The combination of steroid de- 
pendence and pancolitis xs as associated with an increased need for colcctomy. In pediatric patients with 
these factors, earl) colectomy may limit the need to endure prolonged courses of medicatu)ns and the 
thsabilit)" allied with this disease. (J (i \,STROlNI I st St, RC; 2000;4:201-206.) 

KI. ', X~, ()RD.~: Pediatric, ulcerative colitis, colectomv 

Ulcerative colitis (UC) is a significant problem in 
the pediatric population afflicting 2 of  100,000 chil- 
dren.t In contrast  with adults, permanent  disabilit3.~ in 
the tbrm of  at tenuated linear growth may occur as a 
side effect of  the underlying condit ion or the medica- 
tions designed to treat this disease. -'-~ In addition, pe- 
diatric patients of ten have a more  acute and severe 
course of  U C  (90%) when compared with adult pa- 
tients (50%). 4.5 

Total abdominal  colectonay, rectal mucosectomy,  
and restorative ileal pouch-anal  anastomosis is cura- 
tive and has evolved as the standard definitive ther-  
apy. T h e  percentage  of  pediatr ic patients with U C  
who ul t imate ly  require  operat ive therapy  has been 
reported to range from 15% to nearly 50%. I,:'-'; Th i s  
variabili ty is likely related to variations in medical 
nmnagelnent,  4 as ~ ell as the local success of  the vari- 
ous continence-preserwing surgical procedures.l",lt 

T h e  ability to identify pediatric patients early after 
the diagnosis of  UC and predict those who are most  

likely to require  operat ive therapy  is a meaningful  
goal. Earlier identification of  these high-risk patients 
may avoid the deleterious effects of  long-tenn chronic 
disease and medical therapy on growth. In addition, 
more timely surgical intervention in these select pa- 
tients may facilitate a more  rapid re turn  to a more  
normal  qualit T of  life. T h e  purpose of  this s tudy 
therefore was to review the experience at a major cen- 
ter for both the medical and surgical management  of  
pediatric U C and carefully characterize both groups 
of  patients in order  to identify criteria associated with 
the need for colectonw. 

M E T H O D S  

A retrospective review of  patients with patholog-  
ically proved U C t reated at the Children 's  Hos -  
pital Medical Cen te r  (Cincinnati ,  Ohio)  f rom 1975 
through 1990 was carried out. ,MI patients were fol- 
lowed until the time of  surgeD; until they reached the 

From tile Divlstons of Pediatric Surgery (R.A.E and B.\V.\V) and Pcthatrlc Gastroenterolog 3" and Nutrition (L.G L.), Cluldrcn's 
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age of 18 years, or to the end of the available medical 
record.  

Patients with Crohn's disease or indeterminate co- 
litis were excluded from the stud}: Additional exclu- 
sion criteria encompassed patients with incomplete 
medical records or patients for whom the original 
diagnosis and most of the pre- or post-operative care 
were performed at an outside institution. The extent 
of disease was determined either by colonoscopy or by 
direct analysis of the colon specimen following sur- 
gery. For this stud}, disease location was classified as 
rectal, rectal with left colon involvement, or pancolitis. 

Standard demographic data including sex, race, 
family histoD, and patient age at the time of the first 
symptom and at the time of diagnosis were recorded. 
At our institution, patients received consistent med- 
ical therapy from a single group of pediatric gas- 
troenterologists. Generally the first line of treatment 
was sulfasalazine (a 5-AS?~ product), followed by the 
use of topical steroids and then systemic steroids. 
During the study period, few patients at our institu- 
tion received additional innnunosuppressive medica- 
tions. In this revim~; steroid dependence was defined 
as the requirement of daily steroids for longer than 3 
months during a year-long period. 

Indications for surge W during the study period in- 
cluded the tbllowing: (I) microscopic evidence ofdys- 
plasia; (2) hemorrhage; (3)intractahilits"; (4) steroid 
dependence; (5) intolerance or complications of ste- 
roid therapy; and (6) significant growth retardation. 12 
When these indications were met, a total abdominal 
colectom}; rectal mucosectom}; and ileal pouch-anal 
anastomosis were perfbrmed as has been previously 
described, l~ 

Differences in the proportion of patients with clin- 
ical characteristics or outcomes were assessed by use 
of the chi-square or Fisher's exact test. Summal T sta- 
tistics tbr continnously distributed variables are ex- 
pressed as mean -+ standard error of the mean (SEM). 
A significance level of 0.05 was used. 

RESULTS 

A total of 250 charts from our colitis database were 
reviewed and 73 patients with UC were included in 
the study cohort. The average patient age at the time 
of first documented symptom was 11.3 + 0.5 }'ears 
(range 1.2 to 18 years). Twenty-four of the patients 
(33%) analyzed were less than 10 years of  age. As 
noted in previous studies, the age at diagnosis did not 
correlate with the need for surgery. 6 

Medical management failed to successfully control 
the disease and colcctomy was required in 37 patients 
(50. I%). The demographic characteristics of the pa- 

Table I. Demographics of stud}" population 

Medical 
management Colectomy 

No. of patients 36 37 
Mean age _+ SEM (yr) 10.4 _+ 0.8 11.9 _+ 0.7 
Age range (yr) 2.2-17.9 1.2-17.9 
Male sex 14 (39%) 21 (57%) 
Ethmc~tv 

~Vh~tc 27 (75%) 31 (84%) 
Black 6 (17%) 2 (5%) 
Hispanic 0 (0%) 1 (3%) 
Other 3 (8%) 3 (8%) 

Family history 4 ( 11% ) 5 ( 14% ) 

Table II. Medical treatment 

Medical 
Medication management Colectomy Total 

Sull~asalazine 31 (86%) 26 (70%) 57 (78% 
• ~pical steroids 11 (3 I%) 21 (57%) 32 (44%) 
Steroid (dependent) 15 (42%) 32 (86%) 47 (64%) 
Cyclosporlne 0 (0%) I (3%) 1 (1%) 
6-Mercaptopurine 3 (8%) 1 (3%) 4 (5%) 

tients requiring colectomy and those treated med- 
ically are presented in Table I..M shown in this table, 
the groups were closely matched; however, there is a 
slight male predominance in the colectomy group as 
has previously been appreciated among both pediatric 
and adult patients. -.t4 Extraintestinal manifestations 
of UC were present in 15 children (21%). Most  of 
these manifestations were in the form of arthralgias, 
and there was no correlation with disease severity or 
the need for surgery. Additionall); an overall 12% 
positive fiamily histm T of inflammatoD r bowel disease 
was appreciated. Again, there was no correlation be- 
tween this histo W and the success or fiailure of medical 
management. 

The average length of follow-up was 5.4 _+ 0.6 
years (range 0.4 to 13.8 years) for patients whose dis- 
ease could be controlled with medication. Nine pa- 
tients (25%) were followed for less than 3 }'ears, 17 
(47%) were followed for 3 to 7 years, and 10 (28%) 
were followed for more than 7 }Tears. Alternativel.~; 
those patients who required a colectomy averaged 
2.7 + 0.4 years (range 0.07 to 13.7 years) from diag- 
nosis until definitive surgery. ,Most of the patients 
were operated on for chronic nonremitting symp- 
toms, and no patients in this study had dysplasia or 
neoplasia as their indication for surgery. Sixty-five 
percent of patients required surgeD/within 3 }'ears of 
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Fig. l. Percentage of all panents revmwed (n = 73) reqmrlng 
colectomv vs. time m years from initial dmgnosls of ulcerative 
colitis. 

diagnosis, and there was a relative leveling out of 
the number of children requiring colectomy beyond 
4 years from the time of diagnosis (Fig. 1). There was 
no difference in the need for surgery based on age at 
diagnosis since a similar number of patients diagnosed 
before or after the age of 10 ),ears required surgery. 

The medical treatment among groups did not vary 
significantly (Table II). However, substantially more 
patients requiring colectomy were steroid dependent 
and required the use of systemic steroids. During the 
study period, only rarely did patients receive addi- 
tional immunosuppressive medications. 

The  next variable compared between the two 
groups was the pattern of  disease distribution. As 
shown in Fig. 2, the largest proportion of patients in 
both groups had pancolitis. Despite this increase in 
both groups, the most substantial increase in the 
percentage of pancolitis was among those requiring 
surgel T. Less than 10% of patients requiring colec- 
tomy had a disease distribution other than pancolitis 
(Fig. 3). 

Finall); when the percentage of patients who were 
steroid dependent and had pancolitis was examined, a 
significant difference was appreciated between pa- 
tients requiring colectomy and those successfully 
managed with medication. Seventy-three percent of 
patients who eventually required colectomy compared 
to only 22% of those managed with medication had 
the combination of steroid dependence and pancolitis 
(P <0.05 by chi-square analysis). Additionally, of the 
35 patients with pancolitis and steroid dependence, 
77% failed medical management and eventually un- 
derwent definitive surgel T for disease control. 
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Fig. 2. Percentage of patients unoperated (medically managed; 
n = 36) or requiring colectomy (total abdominal colectomy, 
rectal mucosectomy, ,leal pouch-anal anastomosis; n = 37). 
Disease dtstribution was divided into rectal disease, left-sided 
disease (rectal and left colon), and pancolitls. 
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D I S C U S S I O N  

The ability to predict the clinical course of UC in 
pediatric patients provides the clinician with the abil- 
ity to more appropriately manage and counsel pa- 
tients and their families. This review provides data for 
predicting which children are likely to f:ail medical 
managenlent and therefore benefit from earl)" opera- 
tire therapy. This stud)" retrospectively demonstrates 
that half of the children diagnosed with UC eventu- 
ally required surgical management within 3 years of 
diagnosis. More significantly, a majorit3" of these pa- 
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tients were steroid dependent and had pancolonic dis- 
ease leading to medical failure. 

Growth failure may complicate pediatric UC. Al- 
though chronic steroid use is common with severe 
UC, a direct association between steroids and growth 
thilure is difficult to demonstrate. The goals of treat- 
ment of UC in children should theretbre be aimed at 
controlling the disease while avoiding significant 
steroid toxicit T to allow for normal growth. Unfortu- 
nately these goals cannot always be achieved with 
medical management alone. Recently Nicholls et al. I'r' 
have shown that in 72% (13 of 18) of children under- 
going colectomy for UC, catch-up growth or cessa- 
tion of decreasing linear growth could be achieved.l~ 
In this same report, the importance of performing 
surged " prior to epiphyseal closure and the pubertal 
growth spurt was emphasized. Given the retrospec- 
tive nature of the current study, detailed analysis of 
growth f:ailure was not possible. 

Early identification of pediatric patients with UC 
who require surgical treatment may also reduce the 
toxicity associated with long-term steroid or im- 
munosuppressive therapy. Many pediatric and adult 
patients with UC endure chronic steroid use and may 
suffer many of the complications associated with such 
treatment including increased infections, hyperten- 
sion, osteoporosis, nephrolithiasis, and cutaneous 
striae. Additionally, although steroid use may induce 
disease remission, the occurrence of steroid side ef- 
fects has been reported to necessitate surgical treat- 
ment in more than 70% of such patients.~a 

Although there is increasing interest in alterna- 
tive immunosuppressive therapy for patients with in- 
flammatory bowel disease, only a few patients in this 
retrospective study received such treatment. This fiac- 
tor may account, in part, ['or our rate of colectomv. It 
is perhaps too early to predict the long-term effects 
that these drugs will have on altering the need fi)r 
surge W. In two separate studies, cyclosporine was 
show n to induce clinical disease remission, but the 
high rate of relapse led to the need for colectomy in 
more than 70% of the patients, many within 1 year. ~,~s 
In another stud}, the addition of either azathioprine 
or 6-mercaptopurine resulted in a maintained disease 
remission in four of eight patients, u~ Recently it has 
been reported that both 6-mercaptopurine and aza- 
thioprine alone have been successful in reducing the 
need for steroids; however, that stud}" t:ailed to com- 
ment on the ultimate need for surgical intervention. 2° 
In a survey of pediatric gastroenterologists, the great- 
est concerns regarding the use of immunosuppressive 
therapy for inflammatory bowel disease were bone 
marrow and innnune suppression and the increased 
risk of malignancy: 21 Infectious complications of cv- 
closporine including fiatal Pneumoc~,.,'tts cm'inii pneu- 

monia and disseminated aspergillosis have been re- 
ported.-': Additionally, 46% of pediatric patients 
treated with azathioprine or 6-mercaptopurine had an 
adverse effect, with 18% requiring cessation of treat- 
ment secondary to hypersensitivity or infectious side 
e f f e c t s .  -~ 

,M1 additional concern with long-term medical 
management of UC is the risk of neoplasm. _Mthough 
no patients in this stud.,," had a colon cancer identified, 
the risk after 20 years of disease in pediatric patients 
has been demonstrated in one study to be 8.4%, the 
majority of whom have a histo W of pancolitis, a In ad- 
dition, the potential fi)r increased extraintestinal neo- 
plasms secondary to immunosuppressive therapy 
needs to he consic[ered. -'4 The risks of long-term med- 
ical management therefore need to he carefully con- 
sidered in the pediatric population with expected 
long-term survival. 

In this revim~, medical management failed to pro- 
vide disease control in 37 children (50. IT,,), resulting 
in the need for definitive operative theraD= Sixty per- 
cent of patients reviewed had involvement of the en- 
tire colon, confirming the more extensive disease pat- 
tern seen in the pediatric population, a,:.'-~,> This in- 
creased extent of colonic involvement indicates UC 
that may be more resistant to medical management, e 
When the patients requiring surge D " were specifically 
examined, pancolitis was noted in more than 80%, 
confirming earlier reports that more than 60% of 
children with pancolitis eventually require surger)~ for 
disease control.- This review used disease extent at the 
time of surgery or most proximally identified site of 
disease during any follow-up examination. In a review 
of 171 pediatric patients, Hyams et a12 evaluated pa- 
tients based on the extent of disease at diagnosis. In 
that study, there was no significant difference based 
on the site of colon involvement and the need for sur- 
gical management. 

In addition to the high percentage of medical t:ail- 
ures associated with pancolitis, this study revealed an 
association between steroid dependence and the need 
for ultimate operative intervention. For this review, 
we defined steroid dependence as the requirement of 
daily steroids for longer than 3 months during a year- 
long period. These patients generally required 
steroids to suppress s.vmptoms and withdrawal of 
steroids led to a clinical recurrence. Similar defini- 
tions of chronic steroid use have been employed in 
other reviews. 9 Eight)'-six percent of children requir- 
ing colectomy were steroid dependent at the time of 
surgeD; implying increased disease severit3.= In an ear- 
lier review, disease severity,, at the time of diagnosis 
was also indicative of a greater 5-year risk of requiring 
surgical management2 In the current series, 77% of 
patients with both steroid dependence and pancolonic 
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invo lvement  eventually required surger). ~. Given  the 
fact that this is a retrospective study and that  after the 
age of  18 years patients were t ransferred to an adult 
gas t roenterologis t ,  it is p robable  that  we underes t i -  
ma ted  the n u m b e r  of  chi ldren  who  eventual ly  re-  
quired surgeD: Th i s  patient population therefore rep- 
resents a high-r isk  g roup  of  chi ldren with U C  who 
could not  be control led with medical tnanagement .  

In this reviex~; nearly" half of  the children who re- 
quired surgery were identified within 3 years of  diag- 
nosis. T h e  early identif ication of  pat ients  requir ing 
colectomy is important ,  as Fonkalsrud ~ has discovered 
that  there is an increased risk of  colnplications f rom 
the surgical m a n a g e m e n t  of  U C  as the dura t ion  of  
lnedical m a n a g e m e n t  and the dosage of  medica t ion  
increase. Additionall}, delayed surgical therapy results 
in increased morbidity.; hospital stay, and cost, and a 
decreased functional  result. ~ Hospi ta l  charges for a 
pa t ient  unde rgo ing  a curat ive total  co l ec tomv  with 
ileal pouch-ana l  anastolnosis have been repor ted  to 
be approximate ly  $18,000. 28 ~Mternativel 3. the aver- 
age annual  cost  for  medical  m a n a g e m e n t  of  U C  is 
nearly $1500. > T h e  cost is further  increased in chil- 
d ren  with severe disease requi r ing  hospi ta l iza t ions  
and more  expensive medical therapy. It  therefore  be- 
conies ev ident  that  in chi ldren  with pancoli t is  and 
steroid dependence,  earlier surgical management  may 
reduce health care costs. 

P romp t  surgical t rea tment  results in good to excel- 
lent long- te rm functional ou tcome in 85% to 95% of  
children, q,ll Quali ty-of-l ife assessments in adults with 
U C  managed  medical ly  or  surgically have revealed 
equal or  improved quallt3. - following surgew. ~°,~l In a 
review of  pediatric patients following surgical man-  
agement  of  UC,  qualit3.~-of-life assessments revealed 
ratings equal to those of  normal  healthy age-matched  
counterparts .  ~: 

Th i s  retrospect ive review therefore  provides fur- 
ther insight for identi~'ing which children will require 
surgical m a n a g e m e n t  of  their  UC.  As demons t ra ted  
here, 50% of  pediatric patients followed will fail med-  
ical m a n a g e m e n t  and require proctocolectomy.  T h e  
unique characteris t ic  o f  this subgroup  of  patients  is 
that  the vast major i t  T were bo th  s teroid dependen t  
and had pancolitis leading to surge W. Th i s  informa-  
tion may be useful to inform these patients of  the high 
likelihood that  definitive operative therapy will be re- 
quired. Earlier surgical intervent ion in these children 
can help prevent  the long- te rm physical and psycho- 
logical effects o f  this chronic  disease, as well as re- 
move any potential  cancer risk. In view of  this s tudy  
furore studies designed to look at the outcome of  early 
surgical managemen t  vs. immunosuppressan t  medical 
therapy  for s t e ro id -dependen t  or  steroid ref rac tory  
U C  in pediatric patients are necessary. 
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The Jejunal Pouch as a Rectal 
After Proctocolectomy 

Substitute 

Fabio V. Teixeira, aLD., Marina Hinojosa-Km-tz.berg, Ph.D., Miguel Pera, 3LD., 
Rm:rell B. Hanson, B.S., James H ~. Williams, a L D., Keith A. Kelly, :I.L D. 

Our hypothesis was that a jejunal pouch used as a rectal substitute after proctocolectom.v would slow en- 
teric transit, delay defecation, and decrease stool frequency compared to an ileal pouch so used. Twelve 
dogs underwent proctocolectomy; six had a jejunal pouch-distal rectal anastomosis and six had an ileal 
pouch-distal rectal anastomosis. After recover3", postprandial mouth-to-anus transit was slower in jeju- 
nal pouch dogs (253 +- 18 minutes [mean _+ SEM]) than in ileal pouch dogs (112 -+ 7.9 minutes; 
P <0.05). Moreover, jejunal pouch dogs passed only 4.1 +_ 0.3 stools during the 12 hours after eating, 
whereas ileal pouch dogs passed 6.3 +- 0.9 stools (P <0.05). The mean frequency of proximal deal pace- 
setter potentials after feeding was less in jeiunal pouch dogs (12 _+ 0.4 cycles/min) than in ileal pouch 
dogs (16 +_ 0,3 counts/min; P = 0.01), and jejunal t)ouches had more action potennals (iejunal = 82% 
+ 4.3% of pacesetter potentials had action potentials, ileal = 61% +_ 3.0%; P <0.05). In contrast, 
gastric empt3.'ing and pouch motilit), emptying, mucosal integrity, and bacteriologic and histologic prop- 
erties were similar in the two groups of dogs. We concluded that the jeiunal pouch operation slowed 
enteric transit, delayed defecation, and decreased postprandial stooling compared to the ileal pouch 
operation. (J GASI m)IY'H:ST St'R(, 2000;4:207-216.) 

KIA XXORDS: Jejunal pouch, ileal pouch, pouch-anal anastomosis, ulcerative colitis, restorative 
proctocolectom.v 

T h e  ileal pouch-ana l  canal anastomosis has be- 
come the operation of  choice for many patients un- 
dergoing proctocolectomy for chronic ulcerative co- 
litis.I The  operation involves complete excision of the 
diseased large intestine, yet transanal defecation and 
reasonable fecal continence are maintained, and an in- 
continent ileostomy is avoided. There  are drawbacks 
to the operation, however. After 8 years, patients still 
have a mean of  six stools per 24 hours.-' Moreover, ap- 
proximately half of the patients have persistent noc- 
turnal fecal spotting, and almost half have had at least 
one bout of inflammation in the pouch.l,: In addition, 
using the ileum to make a pouch may impair the flmc- 
tion of  the ileum, decreasing its ability to absorb elec- 
trolytes, vitamin BI:, and bile salts, and to secrete hor- 
mones such as peptide ~ \ ~  

We wondered whether a jejunal pouch might  not 
be a better rectal substitute than an ileal pouch. A je- 

junal pouch, with its larger diameter, should have a 
lower basal interpouch pressure, be more distensible, 
and still have cleansing contractions during fasting, 
thus reducing stasis and the possibility of"pouchit is ."  
Moreover, a jejunal pouch might be inherently more 
resistant to inflannnatory changes than an ileal pouch. 
The  ileum shows chronic ileitis in approximately 10% 
of patients with chronic ulcerative colitis, whereas the 
jejunum is seldom involved. ,Mso, not  using the ileum 
for a pouch should preserve its absorptive and hor- 
monal functions better  than when it is used as a 
pouch. Indeed, we found in past tests that although 
most patients with ileal pouches have maintained an 
effective ileal hormonal "brake" on small bowel tran- 
sit in the postprandial period, some have not. 4 

Other  investigators have used "straight" segments 
of jejunum as rectal substitutes in humans, ~,~' but we 
hyq?othesized that a jejunal pouch would be better. A 
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pouch would provide a larger reservoir. Tests on hu- 
man cadavers have shown that a jejunal pouch can be 
constructed in humans so as to allow the pouch to 
reach to the anal canal for an anastomosis.- 

\Ve tested some of these h.ypotheses recently using 
in situ jejunal pouches as rectal substitutes in dogs. s 
We found that these pouches did indeed have a lower 
intrapouch pressure and were more distensible, and 
they did have more cleansing interdigestive migrat- 
ing motor complexes than ileal pouches. Drawbacks 
appeared with these in situ pouches, however. Fistulas 
developed between the proximal jejunum and the 
pouches. The dogs experienced postoperative diar- 
rhea and weight loss. Clearl}, a better type of jejunal 
pouch was required. 

In the present experiments we created a new type 
of jejunal pouch, an isolated jejunal pouch transposed 
to the pelvis and interposed between the terminal 
ileum and the anal canal. The aims of the present ex- 
periments were to compare the clinical, physiologic, 
bacterial, and anatomic properties of the new t}.~pe of 
jejunal pouch to those of conventional ileal pouches 
used as rectal substitutes after proctocolectomy. 

M E T H O D S  
Animal  Preparation 

Twelve health}" female mongrel dogs weighing 
from 16 to 26 kg were fasted overnight and given 500 
mg of cephazolin intravenously. They  underwent 
general anesthesia with methohexital sodium (12.5 
mg/kg) and 1.5% isoflurane. Atropine sulphate (0.04 
mg/kg intramuscularly) was given to prevent shorten- 
ing of the bowel during the operation. Using a sterile 
operating technique, a midline celiotomy was made, 
and a colectomy and proximal proctectomy were ac- 
complished. The proctectomy extended distally to a 
point 2 cm proximal to the pelvic floor. 

In 6 of  the 12 dogs, a J-shaped pouch was con- 
structed from the distal jejunum. The small bowel was 
divided at a site one-half the distance between the lig- 
ament of Treitz and the ileocolic valve. The 30 cm of 
jejunum immediately pro?dmal to the transection was 
used to form a J-shaped jejunal pouch. The 30 cm seg- 
ment was folded into two 15 cm limbs and the pouch 
was constructed using two layers of 3-0 polyglycolic 
acid suture. The distal cut end of the proximal jejunum 
was anastomosed end to end to the pro?dmal cut end of 
the ileum, whereas the distal cut end of the ileum was 
anastomosed end to end to the afferent limb of the je- 
junal pouch. The  newly formed jejunal pouch was 
then anastomosed to the distal rectum (Fig. 1). 

In the other six (control) dogs, 30 cm of terminal 
ileum was used to form a J-shaped ileal pouch, and this 
pouch was anastomosed to the distal rectum, as is done 
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E 

Fig.  1. Canine  exper imental  

Ileal Pouch 

preparat ion.  Le./~, Jelunal 
pouch-distal  rectal anastomosis. RlgtTt, Ileal pouch-&stal  rec- 
tal anastomosis. • = electrodes. Letters ,4 through E identify 
specific areas of the bowel. 

in a conventional ileal pouch-distal rectal anastomo- 
sis I (see Fig. 1). Both t)~es of pouch were anastomosed 
to the distal rectum instead of the anal canal at the 
dentate line because of the greater ease of distal rectal 
anastomosis and to preserve completely the anal 
sphincter and its innervation. This study was designed 
to explore pouch function and not the fate of the re- 
tained distal rectal and proximal anal canal mucosa. 

In both groups of dogs, eight enteric electrodes 
were applied as in Fig. 1. Electrodes 1 and 2 were 
placed on the nlidjejtmum, 5 cm apart, beginning 5 cm 
proximal to the jejunoileal anastomosis. Electrodes 3 
and 4 were placed on the proximal ileum, 5 cm apart, 
beginning 5 cm distal to the jejunoileal anastomosis. 
Electrode 5 was placed on the distal ileum 5 cm prox- 
imal to the ileal pouch anastomosis, and electrodes 6, 
7, and 8 were placed on the pouch 5 cm, 10 cm, and 15 
cm distal to the ileal pouch-rectum anastomosis. _~dl 
electrodes were monopolar Ag-AgCI recording elec- 
trodes. The electrodes were connected by insulated 
copper wires to a multioutlet socket embedded in a 
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stainless steel cannula. The cannula was positioned in 
and anchored to the left anterior abdominal wall. 

The animals were allowed to recover for I0 weeks, 
after which testing was beam.  

Clinical  O b s e r v a t i o n s  

The general health of the dogs, their eating habits, 
and their weight were carefully recorded each week 
after the operation. Mouth-to-anus transit time and 
patterns of defecation were measured as follows. ,adter 
an overnight fast, the animals were fed 312 g of 
canned dog food (CNM, Purina, St. Louis, Mo.) to 
which was added 2 tablespoons of charcoal (activated 
carbon 6-14 mesh, Fisher Scientific, Pittsburgh, Pa.). 
The dogs were placed in the kennel and carefully ob- 
serwed over the ensuing 12 hours to note the time be- 
tween eating and the first stool containing charcoal 
and the number of stools occurring between eating 
and the subsequent 12 hours. The weight of stools 
over the first 12 postprandial hours was also recorded. 
The experiment was performed twice in each dog. 

Physiologic Observations 
l~lyoelect~4c and Motor Tests During Fasting. Small 

intestinal and pouch electrical activit3.= pouch disten- 
sibilit), pouch pressure-volume response, and pouch 
volunle-pressure response were measured twice on 
different days during fasting in each conscious animal 
beginning 10 to 14 weeks after the operation. 

Electrical activity was recorded after an overnight 
f:ast. The dogs were placed full)- conscious in a Parlor 
stand, and the electrodes were connected to an elec- 
trical amplifier/computer acquisition system. Using 
the stainless steel cannula as a ground, myoelectrical 
signals were amplified by means of Mayo custom- 
built analog amplifiers. The amplified analog signals 
were then converted to digital signals sampled at 100 
Hz, which were displayed in real time on a VGA 
monitor while being simultaneously stored on mag- 
netic media to be analyzed laterY The electrical 
recordings were continued for at least 4 hours. 

Pouch distensibility was evaluated after an over- 
night fast bv an electronic barostat, s A compliant rub- 
ber bag was attached to the distal end of a 14 F plas- 
tic tube, the proximal end of which was connected to 
rigid bellows containing air. The bag, catheter, and 
bellows formed a closed system. An electronicalh' driv- 
en motor continuously adjusted the bellows to main- 
tain the air pressure within the system at a value spec- 
ified by the operator. The robe ~ as inserted through 
the anus for approximately 15 cm, in order to locate 
the bag in the pouch. The tube was tied to the ani- 
mal's tail to anchor the bag in the pouch. ,Mr pressure 

within the s},stem was set at 3 mm Hg to expand the 
bag and fill the pouch to the extent that the muscular 
tone of the pouch would allow. The volmnes recorded 
by tile barostat were measured for 2 hours. The baro- 
stat data were digitized and stored on disk for later 
computer analysis. 

Using the sane barostat device, the pressure-vol- 
ume response of the pouch was evaluated twice in 
each dog by gradually increasing the pressure in the 
system. The bag was distended at the rate of 1 mm 
Hg/min until a pressure of 10 nun Hg was reached or 
until the dog showed signs of discomfort. Also, a vol- 
ume-pressure response of the pouch was evaluated 
t~vice in each animal by gradually increasing the vol- 
ume in the intrapouch bag by a rate of 20 ml everw 2 
minutes. 

Myoelectric and Motor Tests During Feeding. On 
other days, electrical activiw was recorded during 
feeding. After an overnight fast, the dogs were placed 
fully conscious in Pavlov stands, and the electrodes 
were connected to an electrical amplifier/computer 
acquisition system as already described. ~A~en the 
dogs were in phase I of the interdigestive migrating 
mvoelectric complex (~L\IC), they were fed 312 g of 
canned dog food (CNM, Purina). The  electrical 
recordings were continued for at least 2 hours. The 
experiment was performed ~vice in each animal. On 
still other days, pouch distensibility was evaluated for 
2 hours after an overnight fast and ingestion of the 
canned dog food using an electronic barostat in the 
same way that was already described during fasting. 
The  volumes recorded by the barostat were mea- 
sured for 2 hours. The study was performed twice in 
each dog. 

Gastric Emptying. After an overnight fast, the 
alert, conscious dogs were given a meal consisting of 
60 ml of egg white to which 1.0 mCi of"""'Tc sulfur 
colloid (Syncor International Corp., Phoenix, Ariz.) 
had been added. Alter the dogs consmned the meal, 
the head of a gamma camera (ELSCINT model 409 
with a medium-enerD ~ collimator) was placed in con- 
tact with the right lateral surface of the abdomen and 
pelvis of the dog as the animal lay in the prone posi- 
tion in a Parlor sling. Static lateral view scintigraphic 
images with 20% windows around the '~""'Tc ener D" 
peak (140 keV) were obtained for 60 seconds. A 60- 
second count was taken beginning immediately alter 
ingestion of the meal (time 0), 5 minutes after inges- 
tion, 10 minutes after ingestion, and then every 20 
minutes until 2 hours after ingestion of the meal. :The 
counts/minute (cpm) were recorded, corrected for de- 
ca), and expressed as a percentage of isotope remain- 
ing in the stomach. Scintigraphm data were stored and 
later analyzed to determine the Tt/4 (time for 2 5 % of 
the isotope to empty from the stomach), T,_, (time for 
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50% of the isotope to empty), and Tv4 (time for 75% 
of the isotope to emp99, u~ 

Pouch Emptying. After an overnight fast, the dogs 
were given a 100 ml, 154 mmol/L NaC1 enema per 
anum to cleanse the pouch. After defecation of the 
saline solution, the animals were positioned in the 
Parlor sling, and an instillate of 60 ml of egg white 
tagged with 1.0 mCi of'~o'Tc sulfur colloid was placed 
into the pouch via a 14 F catheter passed per anum. 
The catheter was withdrawn, and the head of the 
gamma camera was placed in contact with the left lat- 
eral surf:ace of the dog's pelvis as the dog lay in the 
prone position in a Parlor sling. Lead shielding was 
placed over the dog's pelvis to isolate the area of the 
pouch through a 15 cm port. A 60-second count was 
measured immediately and was considered time 0. 

The dog was removed from the stand, placed in the 
kennel, and observed until the first bowel movement. 
The animal was then repositioned immediately in the 
Parlor stand, and the procedure described above was 
performed again to count the isotope remaining in 
the pouch. The scintigraphic images were stored and 
analyzed later. The results were expressed as the per- 
centage of isotope emptied from the pouch during the 
first bowel movement after instillation of the marker 
into the pouch. Each dog was studied twice. 

Pouch MucosM Integ~qty. Pouch mucosal integrity 
was measured once in each animal, at 12 to 14 weeks 
after the operation. Five unoperated healthy dogs 
serried as controls. Mucosal integrity was assessed by 
measuring the ability of the mucosa to exclude a ra- 
dioactive marker. A "leakw" mucosa would permit 
more of the marker to pass through the mucosa into 
the bloodstream and be excreted in the urine. The 
marker used was radioactive-labeled ethylenedi- 
aminetetraacetic acid 0ICr-EDTA, size = 350 dal- 
tons, N E N  Life Science Products, Boston, Mass.). At 
the time of the test, a stock solution of SICr-EDTA 
(specific activiw 17 to 75 MBq/mg) was diluted with 
isotonic saline solution, so that 4 ml had an activit T of 
approximately 0.1 mCi (3.7 MBq). The 4 ml test so- 
lution was counted over 60 seconds in a gamma 
counter (LKB - 1272 Clinigannna-Automatic Gamma 
Counter, Long Island Scientific, Port Jefferson, N.Y.). 

After an overnight fast, the dogs were given a 100 
ml saline (154 mmol/L NaCI) enema per anum to 
cleanse the pouch. The conscious animals were placed 
in a Parlor stand, a 12 F urinat T Foley catheter was 
inserted into the urinary bladder, and a urinal T col- 
lecting bag was connected to it. A second 12 F 
catheter was next passed transanally into the pouch, 
and a 2 ml isotonic saline solution was instilled into 
the pouch to ensure correct positioning of the 
catheter. The 4 ml radioactive test solution was then 
instilled, followed by an additional 4 ml of isotonic 

saline to flush residual radioactivity in the catheter 
into the pouch. The  pouch catheter was then re- 
moved. The animals were given 500 ml of Ringer's 
lactate solution (Baxter International Inc., Deerfield, 
I11.) intravenously to ensure adequate urine output. 
Urine was collected over the ensuing 4 hours, the 
volume was measured, and five 5 ml samples were 
taken and counted in a gamma counter in the same 
manner as the test solution. The mean of five samples 
was used to determine the amount of  radioisotope 
in the 4-hour volume of urine. Permeability of the 
pouch mucosa was assessed as the percentage of the ad- 
ministered dose of qCr-EDTA recovered in the urine; 
the greater the urinary recovew, the greater the 
permeabilit3.: 11 

Fecal Bacteriology 

Quantitative aerobic and anaerobic measurements 
of bacterial flora of the pouch were performed. A 
sample from just-passed feces was immediately seri- 
ally diluted by 10-fold increments with sterile Ringer's 
lactate to a dilution of I0 -~. Inoculation of culture 
plates was performed using a sterile pipette to place 
0.1 ml of each dilution onto the culture plate. The in- 
oculum was then spread on the plate with a hockey 
stick applicator. For aerobic incubation, each dilution 
was inoculated onto sheep blood agar. The 10 4, 10-% 
and 10 -'~ dilutions were also inoculated onto eosin- 
methylene blue agar and colistin-nalidixic acid (Co- 
lmnbia base) agar. Similar b, for anaerobic incubation, 
each dilution was placed onto rabbit blood agar (Brlt- 
cdla base). The 10 4, 10 c, and 10 * dilutions also in- 
oculated onto gentamycin-vancomycin agar and 
phenylethyl alcohol agar. The anaerobic plates were 
incubated in an anaerobic jar. The aerobic cultures 
were incubated overnight. The anaerobic cultures 
were first assessed at 48 hours, then again at 5 to 7 
days. The dilution with the best isolation was used for 
counting the number of colonies of each morphologic 
D~pe. A Gram stain was done on each colony t3.q3e, and 
the colonies were placed into one of four categories: 
gram-positive coccus, gram-negative coccus, gram- 
positive bacillus, and gram-negative bacillus. The to- 
tal number of colonies in each classification was 
recorded. For detection of true anaerobes, a repre- 
sentative of each colony t3.]3e was subcultured to sheep 
blood and chocolate agar plates and incubated aero- 
bically and anaerobically in CO~. Growth in CO,  
and/or O_, disqualified a colony as anaerobic. 

Anatomic Observations 

After completion of the preceding tests (mean 3 3 
weeks after the operation), all dogs were killed with 
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an overdose of pentobarbital. Their  abdomens were 
opened and the areas of operation inspected. The  
pouch was removed, opened longitudinally, and its 
length and width measured. The pouch was carefully 
inspected and samples from the proximal, middle, and 
distal pouch were removed for histologic analysis, 
staining the tissues with hematoxTlin and eosin. \~l- 
lous blunting and mucosal atrophy were graded as 
none, mild, moderate, or severe. 

Analysis of Data 

Electrical data were processed by converting the 
analog signals from the electrode tracings to digitized 
signals. The digitized signals were analyzed using a 
\ ~ X / V M S  platform by the method previously de- 
scribed by our laboratory2 The  mean frequency of 
pacesetter potentials (PPs) in each channel was deter- 
mined using pacesetter potential event times in a sin- 
gle recording channel by inspecting 20 minutes of the 
2-hour tracing after the first 30 minutes. The per- 
centage of PPs with action potentials in each channel 
was calculated during the same time interval. The in- 
terdigestive ~L\ICs were analyzed by inspecting the 
4-hour tracings during t:asting following the criteria 
of Code and Marlett. 12 The analysis was focused on 
four parameters: presence or absence of the Ma\ICs, 
duration of the MMC cycles, the duration of the 
phase IIIs of the MMCs, and the velocit T of propaga- 
tion of phase Ills. 

The  slopes of the pressure-volume curves and 
volume-pressure curves were obtained using linear re- 
gression for each run. Gastric empt3/ing variables (Wl/4 

and Tt/_,) were calculated by fitting a power expon- 
ential curve to the data from each run using linear 
regression. ~0 

The average of the two runs obtained for each vari- 
able was determined. Groups were compared using 
the two-sample t test unless otherwise noted. P values 
<0.05 were considered statistically significant. Sum- 
mary values in the text are given as mean _+ standard 
error of the mean (SEM). 

RESULTS 
Clinical Observations 

General Health. The dogs remained health}, over- 
all and ate well during the 16 to 56 weeks that the}" 
were followed after the operation (mean 33 weeks). 
During the first 6 postoperative weeks, the animals 
had watery; mushy stools. However, the stools became 
semisolid after that. The dogs lost about 10% of their 
body weight (jejunal pouch = I 1.6% _+ 1.6%, ileal 
pouch = 8.8% _+ 1.5%; P >0.05) in the first 2 weeks 
after the operation, but they subsequently regained all 
their lost weight (Fig. 2). They weighed slightly more 
at the time of sacrifice than they did initially (jejunal 
pouch = 1.4 + 1.0 kg more vs. ileal pouch = 2.1 _+ 
1.0 kg more). 

One jejunal pouch dog developed a bowel ob- 
struction 4 days after the operation. The obstruction 
was due to adt~esions caused by the wires attached to 
the electrodes. The animal undenvent a laparotomy 
to relieve the bowel obstruction. No signs of bowel 
necrosis were observed. The dog recovered well after 
the second operation and underwent complete test- 
ing beginning 10 weeks after the operation. A second 
dog, an ileal pouch dog, developed abdominal dis- 
tension and peritonitis, and died 46 weeks after the 
operation, by which time all tests had been com- 
pleted. At autopsy, an erosion of the vessels in the 
midjejunal mesentery with a resulting hematoma, 
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bowel obstruction, and perforation of the affected 
segment was discovered. The erosion was caused by 
the electrode wires. A third dog, a jejunal pouch dog, 
also developed a bowel obstruction and died 16 
weeks alter the operation, again after all tests had 
been completed. Necrosis of two thirds of the small 
bowel below the jejunojejunal anastomosis had oc- 
curred due to volvulus. 

Enteric Transit and Stooling. : \ louth-to-anus 
transit after eating took longer in the jejunal pouch 
dogs (253 +- 18 minutes) than in the ileal pouch dogs 
(112 _+ 7.9 minutes; P <0.05). The number of stools 
in the first 12 hours after eating was less in the jejunal 
pouch dogs (4.1 -+ 0.3 stools per 12 hours)than in the 
ileal pouch dogs (6.3 -+ 0.9 stools per 12 hours; P 
<0.05). However, the 12-hour weight of stool was 
similar for both groups (jejunal pouch 153 + 11 g per 
12 hours vs. ileal pouch 159 + 18 g per 12 hours; 
P >0.05). 

Physiologic  Observa t ions  

Myoelectric and Motor Activity DttHng Fasting. 
The frequency of midjejunal PPs was similar in the 
jejunal pouch dogs and the ileal pouch dogs (jejunal 
pouch 17 -+ 0. I cpm vs. ileal pouch 17 + 0.2 cpm), 
but the frequency was slower in the proximal ileum of 
the jejunal pouch dogs (jejunal pouch dogs 13 +_ 0.3 
cpm vs. ileal pouch dogs 16 _+ 0.2 cpm) and in the dis- 
tal ileum (jejunal pouch dogs 12 _+ 0.6 cpm vs. ileal 
pouch dogs 15 ~ 0.2 cpm; Fig. 3 and Table I). The 
frequency of PPs in the pouch was similar in both 
groups (jejunal pouch 13 + 0.3 cpm vs. ileal pouch 13 
+ 0.2 cpm). Action potentials occurred with 85% -+ 
3.0% of the jejunal pouch PPs during fiasting, whereas 
the PPs from the ileal pouch had action potentials as- 
sociated with PPs only 37% + 3.9% of the time 
(P <0.05). The duration of the MMC cycles, the du- 
ration of phase III, and the velocity of propagation of 
phase III were similar in the two groups of dogs 
('Fable I). Phase Ills did not propagate into the ileal 
pouches. We could not determine whether phase IIIs 
propagated into jejunal pouches because action po- 
tentials were occurring with ahnost all pouch PPs at 
all times, just as occurs with phase Ili. 

The mean volume in the pouch over a period of 2 
hours using the barostat was similar in both groups 
(jejunal pouch 40 + 2.0 ml vs. ileal pouch 52 _+ 10.2 
ml), as were maximum and minimum volumes (Tahle 
II). However, the volumes in the pouch varied less 
in the jejunal pouches than in the ileal pouches 
(P <0.05). 

The mean slope of the pressure-volume cm~'es for 
the dogs with jejunal pouches (0.16 + 0.0 mm Hg/ml) 
was similar to the mean slope for the animals ~ith 
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Fig. 3. Canine electrical tracings from mldlejunmn, proximal Ileum, &stal ileum, and pouch (hft) after 
leiunal pouch-&stal rectal anastomosis and (right) after ileal pouch-distal rectal anastomosis. 

Table  II. Intrapouch volume measured with a barostat in jejunal pouch and ileal pouch dogs 
(values are means ± SEM) 

Jejunal pouch (n - 6 dogs) Ileal pouch (n = 6 dogs)* 

Intrapouch volume Fasting Fed# Fasting Fedt  

.Maximum 0hi) 71 _+ 1.3 61 _+ 8.3 79 _+ 8.4 67 _+ 7.1 
Mean (ml) 40 + 2.0 36 _+ 4.1 52 + 10.2 54 +- 9.7 
Min imum (ml) 21 _+ 5.7 23 _+ 1.9 23 + 10 16 + 6.9 

*\hlucs do not differ fi'(ml lelunal pouch values, P -I).05 
t k ' a ] t l e  ~, do not differ fi'om fast,ng ~ alues; P >0.05. 

Table  III. Small intestinal electrical activity.- after feeding in dogs with enteric pouch-distal rectal anastomoses 
(values are means +_ SEM) 

Jejunal pouch (n - 6 dogs) Ileal pouch (n 6 dogs) 

Frequency of % of PPs with Frequency of % of PPs with 
Site PPs (cpm) action potentials PPs (cpm) action potentials 

Midlclunum 17 + 0.2 54 + 3.6 17 + 0.3 52 +_ 3.(1 
Proximal ileum 12 ~ 0.4* 64 z 5.2 16 +_ (1.3 59 _+ 3.7 
Distal ileum 13 _+ 0.3* 48 +_ 0.2 14 +_ 0.3 40 _+ 8.3 
Pouch 13 _+ 0.3 82 _+ 4.3* 13 _+ 0.1 6l _+ 3.0 

PPs pace~ettcr potent, als 
*P --0.(15 compared to deal pouch. 

ileal pouches (0.14 _+ 0.0 mm Hg/nl l ,  P >0.05; Fig. 
4). Moreover ,  the slopes for the vo lume-pressure  
studies were also similar in the two groups (jejunal 
pouch 15 _+ 1.0 ml /mm Hg  vs. ileal pouch 15 _+ 0.8 
ml /mm Hg; P >0.05). 

Myoelectric and Motor Activity Af ter  Feeding. 
T h e  frequencies of  PPs in the small bowel and in the 
pouch during the ted state were similar to those in the 
tasting state. T h e  jejunal pouch dogs had slower fre- 

quencies of  PPs in the proximal ileum (12 -+ 0.4 cpm) 
and the distal i leum (13 +_ 0.3 cpm) than the ileal 
pouch dogs (16 -+ 0.3 cpm and 14 +- 0.3 cpm, respec- 
tively ['Fable III]; P <0.05). T h e  pouches of  the jejunal 
pouch dogs (82% _+ 4.3%) had more  action poten-  
tials than the pouches of  the ileal pouch dogs (61% _+ 
3.0%; P <0.05). 

T h e  mean barostat  vo lmne in the pouch after  
feeding over a period of  2 hours was similar in both 
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Fig. 5. Gastric emptying measured scintigraphically agamst time in jelunal pouch dogs and ileal 
pouch dogs. 

groups (jejunal pouch 36 _+ 4.1 ml vs. ileal pouch 54 -+ 
9.7 ml; P >0.05). \~e also did not find differences in 
the maximum or minimum volumes. However, the 
mean, maximum, and minimum volumes again varied 
more in the ileal pouch dogs than in the jejunal pouch 
dogs (P <0.05), just as in fasting. Pressure-volume 
curves and volulne-pressure curves were not deter- 
mined after feeding. 

Gastric Emptying. Gastric emptying of the "'"'Tc- 
labeled egg white meal was similar in both groups (je- 
junal pouch T' .  51 _+ 6.0 minutes vs. ileal pouch T,: 
51 + 11.2 minutes; P >0.05). Proportionate etnp9~- 
ing data computed from estimated parameters of the 

fitted-power exponential model m also showed no dif- 
ference between the two groups (Fig. 5). 

Pouch Emptying. The percentage of  pouch in- 
stillate evacuated by the jejunal pouch dogs (84.3 % 
+ 3 1%) was similar to the percentage evacuated 
by the ileal pouch dogs (85.9% _+ 3.0%). The  
length of the pouch measured scintigraphically in 
the two groups of dogs was the same (jejunal pouch 
15 _+ 0.5 cm vs. ileal pouch 15 -+ 0.5 cm). The time 
between instillation and defecation of the instillate 
in the jejunal pouch dogs (20 + 4.9 minutes) was 
similar to that of  the ileal pouch dogs (18 ± 5.2 
minutes; P >0.05). 
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Jejunal Pouch Ileal Pouch 
Fig. 6. Photomicrograph of a canine lelunal pouch (left) and a caliine deal pouch (rig&). Vilh are hetter 
preserved m the jejunal pouch. (HematoxTlin and eosin stain; original magnification x40.) 

Pouch Mucosal Integrity. Pouch mucosal integrit T 
was also similar in both groups. In jejunal pouch dogs 
4.8% _+ 1.6% of isotope instilled in the pouch was 
found in the urine after 4 hours, whereas 5.8% _+ 
1.3% was found in ileal pouch dogs (P >0.05) and 
4.1% + 2.0% in unoperated dogs with a health,,' rec- 
tum (P >0.05). 

Fecal Bacteriology 

Both groups of pouch dogs showed bacterial over- 
growth in the feces. Jejunal pouch dogs had 8 × 10 ~ _+ 
4 × 10 ~ colony-fbrming units/gram of stool of aerobic 
bacteria and 18 × l0 s _+ 5 × 10 s colony-forming 
units/gram of stool of anaerobic bacteria, whereas 
ileal pouch dogs had 9 × l0 s _+ 5 × 10 s colony-form- 
ing units/gram of stool of aerobic bacteria and 15 × 
10 '~ -+ 4 × 10 ~ colony-forming units/gram of stool of 
anaerobic bacteria (P >0.05). 

Anatomic Observations 

Three dogs (1 jejunal pouch dog and 2 ileal pouch 
dogs) had a localized chronic infection surrounding 
the electrode cannula that had been placed in the an- 
terior abdominal wall. No peritonitis was present, 
however. The jejunal pouches were shorter (12.5 + 
0.7 cm) than the ileal pouches (14.7 + 0.5 cm; 
P <0.05), but the two types of pouches had similar 
widths (jejunal pouch 8.9 + 0.2 cm vs. ileal pouch 
8.8 + 0.1 cm). No evidence of mucosal inflammation 
or ulceration was present on either gross or micro- 
scopic examination of any pouch. Mild villous blunt- 
ing and mucosal atrophy were seen in some part of all 
five jejunal pouches and in all five ileal pouches exam- 
ined histologically: Other areas of each pouch showed 
no villous blunting or atrophy. In contrast, areas of 

moderate villous blunting and atrophy were found in 
three of the ileal pouches but in none of the jejunal 
pouches (Fig. 6). 

DISCUSSION 

This article provides original observations on the 
use of an isolated transposed jejunal pouch as a rectal 
substinlte after proctocolectomy. Jejunal pouches have 
been used extensively as substitutes for the stomach, 
but there have been few if any" studies dealing with 
them used as substitutes for the rectum. This article 
shows that dogs with a jejunal pouch used as a rectal 
substitute recovered well from the operative proce- 
dure, gained weight back to and exceeding their pre- 
operative weight, and remained healthy over at least a 
6-month period. None of them developed jejunal 
pouch fistulas, as occurred in our past tests with in situ 
jejunal pouches. Clearly this new type of jejunal pouch 
can be used with success as a rectal substitute. 

The new type of jejunal pouch, however, did not 
have a larger resting volmne than the conventional 
ileal pouch, ~ hereas the in situ jejunal pouch we used 
in past tests did have this propert3C The explanation 
may be that the jejunal pouches we used here were ac- 
tually smaller at autopsy than the ileal pouches, even 
though the two types of pouches were made from 
identical lengths of intestine and they seemed to be 
the same size on pouch scintigraphy. In spite of their 
smaller size, however, the new jejunal pouches had as 
great a resting volume and were as distensible as the 
larger ileal pouches. 

Jejunal pouches had advantages over ileal pouches 
in these tests. Transit through the enteric tract in the 
dogs with jejunal pouches was slower. Because gastric 
emptying and pouch emptTing were similar in jejunal 
pouch dogs and ileal pouch dogs, we reasoned that 
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the longer mouth- to-anus transit in the jejunal pouch 
dogs was due to slower small bowel transit and slower 
pouch filling. Indeed, we lmow from past tests that 
transection of  the jejunum, as performed to form the 
jejunal pouch in these dogs, decreases the frequency 
of  PPs, hence contractions in the bowel distal to the 
site of  transectionY Ectopic pacemakers then appear 
in the distal bowel. These  pacemakers pace the bowel 
proximal to them back\yard. T h e  decrease in paceset- 
ter potential frequency and the backward pacing slow 
transit through the bowel. T h e  slow transit likely ex- 
plains the longer  t ime between eating and the first 
bowel movemen t  and the smaller number  of  bowel 
movements  experienced in the postprandial period. 

~Mmther possible explanation for the slow small 
bowel transit  in the jejunal pouch dogs is that  the 
ileum is likely- protected from the effects of  fecal stasis 
in them, ~ thus perhaps preserving the abilit T o f  the 
ileum to secrete hormones,  such as peptide ~%:, that 
slow transit through more pro:dmal bowel. We did not 
measure hormonal  secretion in these tests, however. 

T h e  jejunal pouches had more  fasting and post- 
prandml action potentials, hence more contractions, 
than the ileal pouches.  Nonethe less ,  the increased 
contrac t i l i ty  of  the jejunal pouch did not  interfere  
with its ability to act as a reservoir.  Indeed,  the 
amount  of  stool stored in the jejunal pouches must  
have been grea ter  than that  s tored in the ileal 
pouches. T h e  total weight of  stools passed postpran- 
dially by the jejunal pouch clogs was similar to that 
passed ()y the ileal pouch dogs, but the jejunal dogs 
had fewer stools. Thus  the volume of each stool must 
have been larger. 

A major unanswered quest ion is x~ he ther  jejunal 
pouches woukl be less susceptible to pouchitis than 
ileal pouches. Ne i the r  tTpe of  canine pouch showed 
loss of  mucosal integrit T and neither developed pouch- 
iris in the postprandial  period. Moreover ,  bacterial 
overgrowth in the pouches was the same in the jejunal 
and ileal pouches. Nonetheless ,  the jejunal pouches 
had greater contractilit3" than the ileal pouches, and 
this may have contr ibuted to their  abiliD ~ to erupt3. ~. 
Stasis in pouches is one of  the factors that may pre- 
dispose them to the development  of  pouchitis. 

Blunt ing of  villi and mucosal  a t rophy  may also 
make pouches more susceptible to pouchitis and even 
dysplasia. I~ VVe found mild mucosal a t rophy in both 
t3.~pes of  pouch, as have others,  s.~4 T h e  a t rophy was 
more severe in some ileal pouches, but the overall dif- 
ferences between the two types of  pouch were not  
clear-cut.  T h e  grea ter  contract i l i t  T of  the jejunal 
pouches may have pro tec ted  them somewhat  from 
mucosal atroph); but this is unclear. 

In summaD, jejunal pouches, although the}- are 
more difficult to construct than ileal pouches, are as 
good a rectal substitute in dogs as ileal pouches and 
have the advantage of slowing intestinal transit, de- 
laying defecation, and decreasing the number of 
bowel movements after meals compared to ileal 
pouches. Jejunal pouches may have clinical applica- 
tion in some patients who require excision of the large 
intestine for ulcerative colitis. 

II~e thank .7oseph C)zplette, Charles Harms, Theresa Lombam, am/ 
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Prospective Randomized Trial of Early Initiation 
and Hospital Discharge on a Liquid Diet Following 
Elective Intestinal Surgery 
Kevm E. Behrns, M.D., Amanda P. K)'rcl.,el; B.S.N., Josept, A. Gaktnko, PI,.D., 
MMTelle R. Bro-c'nstein, M.D., Mark J. Koruda, M.D. 

Length of hospital stay after elective intestinal surge D" may be related to patient tolerance of a diet. \Ve 
hypothesized that early initiation and discharge home on a clear liquid diet ~ ould decrease the length of 
hospital stay without increasing morbidity. The  aim of this study was to determine if early initiation and 
discharge on a clear liquid diet decreases the length of hospital stay and is safe. Fortv-fimr patients were 
randomly assigned to either a standard diet or a clear liquid diet..~ standard diet (n - 17) was hebron ag  
ter the passage of flatus or stool, and consisted of clear liquids to a volume of approximately 750 ml, then 
three solid meals, and discharge thereafter. Patmnts randomized to a clear liquid diet (n 27) received 
30 ml/hr  of  clear hquids on postoperative day 2, unlnmted clear hquids on postoperative day 3, and were 
dismissed on a clear liquid diet on postoperative day 4..MI patients were R)llowed by a daily teleph(me call 
and clinic vista The  prima W outcome variable ~ as length of ho.~pital stay. The  incidence of postopera- 
tive intestinal-related sequelae, complications, anti readmission rates did not differ hetx~ een groups. Post- 
discharge intestinal symptoms were common m hoth groups hut tended to resoh'e f;aster in the patients 
on a standard diet. The  length of hospital stay was decreased m the patients on a clear hqmd diet com- 
pared to those on a standard diet (6.1 +_ 1.1 days vs. 4.4 -+ 0.2 days; P = 0.09), hut total hospital costs did 
not differ. Early initiation and hospital discharge on a clear liquid diet after elective intestinal surge D' 
decreases the length of hospital stay and is safe. (J G \s I re)ix I I s I St R(; 2000;4:217-22 i.) 

KI.', x~ oRI)S: Postoperative diet, clear hqnld diet, postoperative care, postoperative nutrition 

T h e  t i m e - h o n o r e d  m a n a g e m e n t  o f  p o s t o p e r a t i v e  
diet  af ter  elect ive intest inal  surge  D ' consists  o f  awai t -  
ing the  r e t u r n  o f  bowel  func t ion  fo l lowed by ini t ia-  
t ion o f  a clear  l iquid diet,  possibly' a full l iquid diet ,  
and finally solid food.  Few data exist to s u p p o r t  this 
d ie tary  reg imen ,  and this app roach  of ten  results in pa- 
t ients  r e m a i n i n g  on  n o t h i n g  by  m o u t h  for  2 to 3 days 
du r i ng  ileus resolut ion.  Su rgeons  fear tha t  ear l ier  ini- 
t ia t ion o f  a die t  will induce  nausea and v o m i t i n g  ne-  
cess i ta t ing  p l a c e m e n t  o f  a nasogas t r i c  tube  and will 
p o t e n t i a l l y  inc rease  the  r isk o f  a n a s t o m o t i c  deh i s -  
cence.  Recen t  emphas i s  on decreased  leng th  o f  pos t -  
o p e r a t i v e  s tay  has p r o d u c e d  b e n c h m a r k  d ismissa l  
wi th in  3 to 4 days o f  u n c o m p l i c a t e d  in tes t ina l  sur -  
ger3',l hu t  the satet) '  and efficacy o f  this app roach  has 
no t  been  establ ished.  

Physio logica l ly ,  small  bowel  ileus resolves  wi th in  
hours  o f  manipula t ion ,  but  gastric and colonic  m o t o r  
funct ion do not  re turn  until 48 to 72 hours  pos tope ra -  
tively. -~ Several  s tudies have d e m o n s t r a t e d  tha t  naso-  
gastr ic decompress ion  is no t  required  after  elective in- 
testinal surgeD'.<4 As an extension o f  these data, some  
au tho r s  have  s tud ied  in take  o f  solid food  wi th in  24 
hours  o f  opera t ion ,  hut  these dieta D" reg imens  were ei- 
the r  poor ly  to lera ted  in 14% of  pat ients  ~ or  resulted in 
vomi t i ng  in 44% of  pa t ients / '  ,Although these studies 
suggest  that  ear ly r e sumpt ion  o f  oral feeding is to ler-  
ated in mos t  patients,  a substantial  n u m b e r  o f  patients  
m a y  have p o o r  dietary compl iance  or  compl ica t ions .  

W e  hypo thes i zed  tha t  ear ly in i t ia t ion and hospi ta l  
d ischarge  on a clear  liquid diet  follm~ ing elect ive in- 
testinal  su rgery  would  decrease  the length  o f  hospi tal  

From the Sectum of (Ll,u'omte~tulal SurgeD. (K I:.B , \ P.K., ,\1 R.B., and ,\I.J.K.), Deparmlcnt of Surgery, and the Center for Gastro- 
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stay and be well tolerated. Resumption of a solid diet 
in the home environment may be more suitable to 
overall patient recoveD= 

MATERIAL AND METHODS 

Patients undergoing elective intestinal surge W 
were candidates for the study if they did not require 
preoperative total parenteral nutrition or enteral nu- 
trition. Only English-speaking study candidates were 
enrolled because telephone follow-up was mandato W 
following hospital discharge. ~ l  intensive care unit 
stay was permitted if the duration of ICU care was 
less than 48 hours and the stay was for monitoring 
purposes only and not because of hemodynamic in- 
stabilit)= The study protocol was reviewed and ap- 
proved by the University of North Carolina School of 
Medicine Committee on the Protection of the Rights 
of Human Subjects, and written informed consent was 
obtained from all patients preoperatively= Eligibili~ ~ 
was determined at the time of the operation, and pa- 
tients were randomized on postoperative day 2. 

From 1995 through 1998, a total of  44 patients 
were randomized to either a standard diet (n = 17) or 
a clear liquid diet (n = 27). All patients had their na- 
sogastric tubes removed at the conclusion of the op- 
eration. Postoperative analgesia was at the discretion 
of the patient and the anesthesiologist, and was deliv- 
ered by either an epidural catheter or a patient-con- 
trolled analgesia pmnp. Patients randomized to the 
standard diet group received clear liquids only after 
passage of stool or flatus. Clear liquids were main- 
rained in this group until a total volume of approxi- 
mately 750 ml was consumed without evidence of  
nausea, vomiting, or abdominal distention. If liquids 
were well tolerated, patients were placed on solid food 
and dismissed from the hospital with dietary instruc- 
tions after three solid meals had been consumed. 

Patients randomized to the clear liquid diet group 
were begun on 30 ml of clear liquids per hour on 
postoperative day 2. On postoperative day 3 these pa- 
tients received unlimited clear liquids and were dis- 
charged from the hospital on postoperative day 4 with 
dietary instructions, if there was no evidence of in- 
testinal dysfunction. For the patients on the clear liq- 
uid diet, dietary instructions allowed institution of a 
solid diet immediately on their return to the home en- 
vironment. At the Universit~ ~ of North  Carolina 
Memorial Hospital, a clear liquid diet provides 6 g 
protein, 150 g carbohydrates, no fat, and 624 kcal in a 
volume of approximately 800 ml. A tTpical solid meal 
consists of 20 g protein, 125 g carbohydrates, 28 g fat, 
and 830 kcal. 

~MI patients were followed by a daily telephone call 
tbllowing dismissal from the t:lospital to ensure that 
the postoperative diet regimen was being tolerated. 

Specifically patients were asked about the presence of 
nausea, vomiting, constipation, diarrhea, low urine 
output, light-headedness, and dietary intolerance. 
Daily telephone calls ceased when the patients were 
asymptomatic and tolerating a regular diet or were 
readmitted to the hospital. All patients were followed 
up in the clinic within 10 days of operation. 

O u t c o m e  Variables 

The primao- outcome variable was length of post- 
operative hospital stay. Secondary outcome variables 
included safety as measured by mortaliDq morbidity 
and hospital readmission, weight change (preopera- 
tive weight minus postoperative weight at the time of 
clinic visit), postoperative intestinal symptoms, and 
hospital costs. 

Statist ical  Analysis 

The sample size of each group was calculated with 
an alpha value of 0.05 and a beta value of 0.9 with a 
mean length of stay of 7 days and a standard deviation 
of 2 days. If the reduction in the length of hospital 
stay was 1 day; then 85 patients would be required per 
group, but if the reduction in the length of stay was 
2 days, then the sample size would be 22 patients per 
group. A 10% exclusion rate would yield a total sam- 
pie size of 186 patients for a 1-day difference and 48 
patients for a 2-day difference in length of stay. In- 
teriln analysis was performed with 44 total patients 
because no exclusions occurred. 

For continuous variables, means _+ standard error 
of the mean are presented. For categoric variables, 
counts and percentages are presented. For comparisons 
of continuous variables between the two groups, 
~,'Vilcoxon two-sample tests were used because the data 
were not distributed normally. For comparisons of cat- 
egoric variables, Fisher's exact test was used. A P value 
of less than 0.05 was considered statistically significant. 

RESULTS 
Patient Demographics, Diseases, 
and Operations 

Seventeen patients were randomized to the stan- 
dard diet and 27 patients to the clear liquid diet. Pa- 
tients in each group were of similar age and sex (Table 
I). The most common diseases treated were Crohn's 
disease, ulcerative colitis, neoplasia, and diverticular 
disease. Although no statistical difference between 
groups was noted, the clear liquid diet group con- 
tained fewer patients with ulcerative colitis (see 
Table I). The percentage of patients undergoing small 
b(mel resection (jejunal in one, ileal in 12), colon re- 
section (right colectomv in 5, left colectonw in 2, 
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T a b l e  I. Patient demographics, diseases, and operations 

Standard diet (n = 17) Clear liquid diet (n = 27) P value* 

Age (yr)t 47 +_ 4 45 -+ 3 0.72 
Sex (% male) 41 56 0.54 
Diseases 

(2rohn's 6 (35%) 10 (37%) 1.0 
Ulcerative colitis 6 ( 35 %) 3 ( 11% ) 0.07 
Neoplasla 3 (18%) 8 (30%) 0.49 
Dlverticular 1 (6%) 3 (11%) 1.0 
Other 1 (6%) 3 (11%) 1.0 

Operations 
Small bm~el resection 6 (35%) 7 (26%) 0.52 
Colon resection 9 (53%) 17 (63%) 0.55 
Small bowel and colon resection 2 (12%) 3 (1 l%) 1.0 

*P-0 05 uas consMered +tansttcall~ slgmficant; Fisher"+ exact 
tMean + standard error of the mean. 
~cNulnber of panents. 

te~t and ~.Vdcoxon t~o-sample test 

T a b l e  II.  Number  of  patients with intestinal-related adverse postoperative events, weight loss, 
and narcotic requirements 

Standard diet (n = 17) Clear liquid diet (n = 27) P value* 

Nasogastric tube use 0 (0%) 2 (7%) 1.0 
Ileus 1 (6%) 2 (7%) 1.0 
Emesls 3 (18%) 2 (7%) 0.36 
Enteral/parenteral nutrition 0 0 1.0 
~,Vmght loss (kg)t 1.9 _+ 0.9 1.7 _+ 0.8 0.72 
Narcotic requirements 

(rag of morphine sulfate eqmvalent) 
Postoperative day 1 24 + 6 30 _+ 6 0.65 
Postoperative day 2 ~ + 8 ~ + 5 0.41 
Postoperative day 3 13 + 3 10 _+ 3 0.40 

*P ~ 0.0~ was consMered stansncally slgmficant, FIsherg exact test and VCilcoxon t~o-sample test. 
tPreoperanve we,ght (kg) minus ~elght (kg) at time of mmal postoperame ehmc visit 

transverse co lec tomy in one, s igmoid colectoiny in 5, 
total abdominal  co lec tomv in 8, and low anter ior  re- 
section in 5), or combined  small and large bowel re- 
section was similar in both  groups (see Table I). 

I n t e s t i n a l - R e l a t e d  S y m p t o m s  

N o  patients in the standard diet group required in- 
sert ion of  a nasogastric tube postoperatively, but  two 
patients (7%) in the clear liquid diet group had naso- 
gastr ic  tubes placed (Table II). S y m p t o m a t i c  p ro -  
longed postoperative ileus and emesis were infrequent 
occurrences  in both groups (see "Ihble II). N o  patient  
in ei ther group required postoperat ive enteral or  par- 
enteral nutri t ion, and the amount  of  weight loss (pre- 
operati~ e weight  minus postoperat ive weight  at chnic 
visit) was similar in the two groups (see ~Etble II). T h e  
narcotic requirement  on postoperative days 1 t(~ 3, ex- 
pressed in m~,rphine sult~hatc cquix alums, did m~t thg 
for I)ctx~ con grnups. 

C o m p l i c a t i o n s ,  P o s t d i s c h a r g e  S y m p t o m s ,  
a n d  R e a d m i s s i o n  

T h e  surgical compl i ca t ion  rates were  29% and 
19% (P = 0.47) in the standard diet and clear liquid 
diet groups,  respect ively (Table III).  Compl ica t ions  
included unexplained syncope in one, wound infec- 
tion in two, abscess in one, and dehydra t ion  in one 
in the clear liquid diet group,  and wound infection in 
Bvo, abscess in Bvo, and fever of  unkalown origin in 
one m the standard diet group. Postdischarge symp-  
toms  (nausea, vomit ing,  const ipat ion,  diarrhea,  low 
urine output ,  l ight-headedness,  and dieta W intoler-  
ance) were present  in the majorit3." of  patients in both  
groups,  but  decreased over  the 3 days of  t e lephone  
folloxx -up (see Table III). Patients in the standard diet 
group,  however, tended to have quicker resolution of  
postdischarge symptoms than pauents  in the clear liq- 
tml diet group (see "lhble lIl). T h e  readmission rate 
~<ls 24% in the s tandard diet group vs. 11% in the 
clear liquid diet enmp:  thi~ difference did not achieve 
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Table HI. Number of patients with postoperative complications, postdischarge intestinal symptoms, and readmission 

Standard  diet  (n = 17) Clea r  liquid diet  (n = 27) P value* 

No. with complication 5 (29'2;,) 5 (19"4,) 0.47 
Postdischarge symptoms 

Day I 14 (82';/,,) 15 (56%) 0.10 

Day 2 5 (29%) 16 (59%)  0.07 
Day 3 I (69/,,) 8 (30%) 0.12 

No. of readmlssmns 4 (249;,) 3 (11%) 0.40 

*P < ).0q ~as considered stanstlca[l 5 slgnlticant, I:lshcr's exact tc~t and \Vllcoxon t~o-~amplc test. 
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Fig. 1. Mean (_+ standard error of the mean) length of stay 
(LOS) (A) and hospital costs (B) are shoran for patients re- 
ceiving a standard dmt (5,'D) or a clear hquid dmt (CLD). The 
decreased length of stay in the CLD group approached statis- 
tical sigmficance (P = 0.09), but the hospital costs did not dig 
for between groups (P = 0.28). 

statistical significance (P = 0.40) (see Table III). One 
patient in each group was readmitted for a problem 
unrelated to the prima W disease or operation (gout, 
tubo-ovarian abscess), and the other  patients were 
readmitted for intestinal-related s wnptoms including 
nausea, vomiting, and dehydration. 

Length of Stay and Hospital Costs 

The t~ostot~erativc length of stay was 6. I +_ 1.1 days 
in the standard diet group compared to 4.4 -+ 0.2 days 
in the clear liquid tlict ~l'~ltlp (Fig. 1,. I). This tliffcr- 
cncc appr{~achcd statistical significance (/' ().0~)). kl- 
th~mgh the h~stntal ~t.~x xxa, ~lnwtcr in the i~atlunt~ ~m 

a clear liquid diet, overall hospital costs did not differ 
substantially between the two groups (Fig. 1, B). The  
hospital costs were $10,332 _+ $1644 in the standard 
diet group anti $8049 _+ $613 (P = 0.28) in the clear 
liquid diet group. Neither  the length of stay nor the 
hospital costs were different between groups when the 
readmission length of stay and costs were included. 

D I S C U S S I O N  

The  aim of" this study was to determine whether  
early initiation of a clear liquid diet following elective 
intestinal surgel T resulted in a shorter hospital stay 
and was safe. We found that patients who received a 
clear liquid diet beginning on postoperative day 2 
tended to be discharged from the hospital sooner titan 
patients treated with standard dietary protocol. Early 
discharge fronl the hospital did not result in a higher 
rate of adverse events or an increased readmission rate. 
In flint, these patients had fewer complications and a 
lower readmission rate, although this was not statisti- 
cally significant. Postdischarge intestinal symptoms 
were observed frequently in both groups of patients, 
but these symptoms resolved more rapidly in the pa- 
tients on a standard diet. We conclude that early initi- 
ation and hospital discharge on a liquid diet result in a 
shorter postoperative length of stay and is safe. 

Our reasons tbr choosing earl)-initiation and hos- 
pital discharge on a clear liquid diet were multiple. 
Even though the caloric content of a clear liquid diet 
is generally low," adequate fluid intake is readily 
achieved, thereby prevent ing the dehydrat ion  that  
may occur with a diet that consists primarily of solid 
food. Fur thermore ,  adequate solid food intake to 
meet energ T requirements after major surge D" often 
does not occur for up to 14 days after surgeD'.":' Pre- 
vious studies have suggested that early initiation of a 
solid diet results in nausea, vonfitlng, and abdominal 
distention 111 14% to 44% of patients. ~/' Induction of 
these symptoms often leads to insertion of a nasogas- 
tric tube and prolonged hostntali/ation. Intolerance 
{~fs(~lltl fi~od C,ll'lv after intestinal surger.~ m a y  bc rc- 
latctl t~ ~ a Itcrati~ ms i n  ga.str<,intestinal I-. w,m mc sccrc- 
ti,m. m~tihtx, and transit. In fact. c.uhcr stut[Les ha~c 
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shown that gastric emptTing of liquids may be normal 
in patients within 24 hours of surgeD: m We hypothe- 
sized that gastric emptTing and intestinal transit of  
liquids may be less symptom-provoking than solid 
food, and thus better tolerated. Finall}, patients may 
choose more palatable solid foods and have a more 
comfortable convalescence in the home environment. 

A clinically' sigsfificant trend toward a shorter hos- 
pitalization was achieved in patients who received a 
clear liquid diet. These patients were discharged from 
the hospital an average of 1.7 days earlier than patients 
in the standard diet arm. The shorter leng, h of stay in 
the gToup receiving a clear liquid diet may be related 
to a "true" diet effect, that is, in these patients, the ileus 
is more quickly resolved and they can be discharged 
from the hospital within a shorter period of time. ~ad- 
ternativel.~, closer scrutiny" of postoperative care of all 
patients in the study may have resulted in a "study ef- 
fect" that hastened the discharge of patients receiving a 
clear liquid diet. Attending surgeons were not blinded 
to the randomization and participated in discharge 
planning. A "study effect," however, is less likely be- 
cause patients in the clear liquid diet group did not 
have increased readmission rates compared to patients 
in the standard diet group. Pedersen et al. ~1 demon- 
strated previously that a well-constructed plan ff)r ac- 
celerated hospital dismissal for breast cancer patients 
resulted in decreased length of stay and reduced hospi- 
tal costs. In our stud), the reduction in the length of 
hospital stay in the clear liquid diet gToup did not trans- 
late into decreased hospital costs. This finding most 
likely reflects the multifiactorial components of hospital 
costs, yet len~h of stay is often a primary determinant 
of total hospital costs. Our findings have implications 
for establishing dieta W clinical care guidelines tbllow- 
ing elective intestinal surgeD: These data support early 
initiation and hospital discharge on a clear liquid diet 
with resumption of solid food in the home environ- 
ment. This practice did not lead to increased compli- 
cations or higher readmission rates in this trial. 

This study showed that a solid diet coukl be initiated 
safely in the home environment, but postdischarge gas- 
trointestinal symptoms were frequently bothersome. 
The majorit)' of patients in both study groups reported 
gastrointestinal symptoms on the first postdischarge 
da), but these s}Inptoms tended to resolve more quickly 
in patients in the standard diet group. ?dthough these 
symptoms did not rest, It in an increased readmission 
rate in the patients on a clear liquid diet, these findings 
suggest that clinical practice guidelines that advocate 
discharge on a clear liquid diet after elective intestinal 
surgcr) require close ff)lh)w-up and rea&h available ac- 
cess t() a health care prmider. Despite gastrointestinal 
sympt~)ms fi~lh)~ing h()spital discharge, most t) ,ltlcnts 

at~t)carcd satisfied with discharge ()n a liquid diet and 
u',uhur ruc~ ) \  L'I ' \  i l ]  thu "'c()mf~)rt'" ()fthu~r h()mc. 

The decreased length of stay in the clear liquid diet 
~oup  was clinically but not statistically significant. This 
is likely because of the relatively small number of pa- 
tients enrolled in the stud)-. Because hospital discharge 
on a clear liquid diet was safe, and we considered a de- 
creased len~h of stay of 1.7 days to be clinically signif- 
icant, we felt that the study should be terminated at in- 
terim analysis. A statistical power of 0.9 could have been 
achieved if patient enrolhnent continued, but this would 
have required an additional 142 patients. 

C O N C L U S I O N  

Early initiation and hospital discharge on a clear 
liquid diet following elective intestinal surgery de- 
creases the length of hospital stay and is safe. Gas- 
trointestinal symptoms occur frequently with home 
initiation of solid foods, but these symptoms do not 
generally require hospital readmission. Clinical prac- 
tice guidelines that include early initiation and hos- 
pital discharge on a clear liquid" diet following elec- 
tive intestinal surge D' require close patient follow-up 
and readily available access to a health care provider. 

ll'e thank Angela G/over and Ellen Hughes tbr the," secrctm'ml 
.q,qYlXtallO_'. 
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Letters to the Editors 

Laparoscopic Fundoplication for Dysphagia and 
Peptic Esophageal St r i c tu re  

To tt, e Edttor~: 

I read with great interest the article by Spivak et al. 
(J G~st  R~)tYT~Sr SUR~; 1998;2:555-560), and I have the 
following comments and questions for the authors: 

1. In my experience in 185 patients with esophageal 
strictures, 95% of them had Barrett's esophagus; that 
is, specialized columnar epithehum was present at the 
level of  and distal to the stricture. It is hard to beheve 
that acid reflux causes a deep ulceration in esopha- 
geal squamous epithelium and a stricture is then 
formed, with squamous epithelium distal to the stric- 
ture. Therefore I would like to know whether in their 
34 patients with peptic esophageal stricture, what 
t3,])e of  epithelium was present at the level of  and lUSt 
distal to the stricture? Did all of  them have esopha- 
geal squamous epithelium or did some have special- 
lzed cohmmar epithelium? If the endoscopist discov- 
ers a stricture and a hiopsy is done proximal to it, 
squamous epithelium will always he present. But if 
the stricture is dilated and another biopsy- is done just 
distal to the stricture, I can assure y o u  that in the ~ast 
malority of  case% colunnlar epithelium will be found 
with or ~ ithout intestinal metaplasia. 

2. It seems very strange to me that the 40 patients with 
esophageal stricture had a normal lower esophageal 
sphincter presstire. In my experience, approximately 
80% of these patients have an incompetent sphinc- 
ter, with a resting pressure of  less than 6 mm Hg 
anti 90% will have an abdominal length of less than 
10 mm. 

3. In the two patients with "esophageal shortening," 
hm~ fiar from the incisors (in cm) was the lower 
esophageal sphincter located? 

4. ~lVhat ~ere the results of24-hour  pH studies in all (if 
these patients befilre and alter surgeD'.: This must be 
known in order to have an objective parameter fiJr el L 
fective control of  reflux? 

5. What  were the results of  manometric studies in these 
patients late after surgery? 

6. ~lVhich were the endoscopic findings late after stir- 
gery (i.e., severity of  stricture [diameter, length]), 
x~ hich were the results of biopsies done proxunal and 
(hstal to the stricture late after surgeD.? 

7. The mean folhlw-up was 1.5 years, x~ hich is too dmrt  
fi)r definltlX e results, i ~ ouht lie very interested to see 
later reports on these patients, perhaps 6 to 8 years 
after surgci 3. ,\I 3 personal feeling is that the recur- 
rence rate m this particular group ~ ill bc high if c~l)- 
ICCti~ e thn.nnctcrs arc c', aluated. 

8. l it the six patients x~ ith Shat>'ki's r l l lg, \~ hat was the 
distailct_' ~)( thi~ I'111~ (111 C ln l  f l l H n  t i l t '  l l lCl~, l) ls and 

hmx far was the lower esophageal sphincter (in cm) 
from the incisors? 

I am asking these questions to gain a hetter understand- 
ing of  the true origm of peptic esophageal stricture. I am 
also concerned that laparoscopic results of  antireflux sur- 
ge D in patients with esophageal disease with complications 
(Barrett's esophagus with stricture or ulcers) are combined 
with cases of"sunple" non-Barrett's esophagus, and follow- 
up is usualk" short. I think we must await the real long-term 
results in ail of  these different groups of  patients. 

Attila C~emh's, ,1L D., EA. C.S. 
Clinical Hospital U#uvevs# 0' q[C/ule 
Santiago, Ctvk' 

Repty 
Dr. Csendes asks some ve D" perceptive questions con- 

cerning our article. As was the case in his patients, most of  
our patients had columnar mucosa distal to the esophageal 
stricture. In some of  these patients, including all of  those 
with Shatzki's ring, the t3.'pe of  columnar epithelium found 
distal to the stricture was gastric-tTpe epithelium. It is my 
belief that these latter patients do not truk have Barrett~ 
esophagus. The,,  merely have a stricture fiwming at the 
level of  the gastroesophageal junction. In general, these pa- 
tients represent a less severe form of reflux disease than 
those with dense fbrous strictures. 

I think the prohlem Dr. Csendes alludes m relates to two 
different methods of reporting hlwer esophageal sphincter 
pressure. In our laboraton" we use the Castell criteria, in 
which the lower limit of: nornml  for lower esophageal 
sphincter resting pressure is 15 mm Hg. The mean of  12 
nnn Hg is certainly indicative (if a hypotensive low er esoph- 
ageal sphincter in most of our patients with strictures. 

\Ve have found endoscopic measurements of  esopha- 
geal length to tie quite unreliable. The  endoscopic mea- 
surement  of  the gastroesophageal junction at less than 
40 cm does not always indicate that the esophagus will he 
foreshortened. In the two patients requiring (]olin gas- 
troplast3; the distance between the incisors and the gastro- 
esophageal junction was 34 cm in one patient and 38 cm 
in another. 

We use 24-hour amhulatory pH monitoring selectively. 
Our indications for pH monitoring include patients with- 
out evidence of  esophageal injtu3', patients with primarily 
atypical symptoms, and patients participating in a stuth. [n 
patients with a peptic stricture, a hiatal hernia, and heart- 
bull1 responsive to medical therap), x~ e lind it tinneccssar)' 
to perforln 24-hour  pH studies pre- ~lr postopcrativcl.v. 
Thus most of  the patients in this study did not untlcrg~l 
24-hour  p f [  p l t  numit~lr ing. 

| ;sophagcal motility studies x~c'l'e n o t  pel'fOl'nled iOtl- 
tineh', in thc p~lst~lpcr,it'ive period, anc[ thu~ 1 havc n,, ~,lx <if 
Hiccificalh ansx~ cring this tlUCStlcm. Patients in ~tll sclles 
x~cl'e fi~llox~ed s.~ mpt~mlaucallv. In tx~, patients icp~rtlng 
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no dysphagia, endoscopic sur~,eillance fi)r Barrett's esopha- 
gus revealed that the stricture had completely disappeared. 
In four patients with persistent dysphagia, endoscopy and 
dilation were performed. In two patients the stricture had 
improved from the preoperative status, and in two other 
patients there was no change. 

We are in the process of following these patients on an 
annual basis for 10 years. It is still too early to report the 
results of late follow-up. 

In patients with Shatzki's ring, the ring occurred at the 
squamocolumnar border. We did not particularly correlate 
this endoscopically measured distance from the distance of  
the high-pressure zone measured manometricallv. 

I share Dr. Csendes'  sentiment that patients with ad- 
vanced esophageal disease may require additional therapy, 
especially if the esophagus is tbreshortened. 

Jot, n G. I-hmtel; .~LD. 
Emo O, bS, iz'er~'tt~, School 0/'3 h'~hcine 
Atlanta, Geo,gm 

Interval Appendectomy in the Laparoscopic Era 

To the E&tots: 

In a recent paper Surg 1999 by Nguyen ,  Silen, and 
Hodin ,  the thrust  of  the article is summarized by the 
following quote: 

"Given the minimal morbidity of  the procedure, we be- 
lieve that ILA [interval laparoscopic appendectomy] 
should be considered for most patients who initially pre- 
sent with a periappendiceal mass." 

Thirty-five years ago, I wrote an article on recurrent 
appendicitis 2 stressing the need for interval appendectomy 
performed 6 weeks to 2 months after drainage if the pen-  
appendiceal inf lammatory mass had not been managed 
completely with appendectomy. I quoted a significant in- 
cidence of  recurrence, which was our experience at the 
time, and suggested that earl)" interval appendec tomy 
should be considered in this group. Many of  the appen- 
dectomies that we subsequently perfi)rmed were associ- 
ated with either a stump of  the appendix, a fibrinous band, 
or an appendiceal residue that did not pose a risk to the 
patient. Over the )'ears it has become well recognized that 
interval appendectomy is not necessa W in the majorit T of  
patients who have a periappendiceal inflammatory mass 
treated by antibiotics, drainage, and observation. One of  
the procedures that we have found to be most helpful in 
evaluating these patients is the barium enema. If  after 6 
weeks a barium enema reveals no residual appendix, then 
it is most appropriate not to perform subsequent surgery 
because the risk of  recurrent appendicitis is so small. On 
the other  hand, if there is a residual appendix demon-  
strated on barium enema fihns, paying careful attennon to 
the filling cecum, then we believe the risk of  appendicitis 
is real and consideration should be given to perfiwming 
an interval appendectom) after a rcasonablc period of  
time, and we strongly agrce that the laparoseopic at/- 
proaeh is approtn'iate. 

I beheve that it is essential to comment  on the article 
by Nguyen  et al. 1 because the impression one has from 
reading it is that interval laparoscopic appendectomy is 
appropriate in general for patients with periappendiceal 
inf lammatory masses. I do not  believe that this is uni- 
formly the case. I believe it ~s the case in the minority of  
the patients who have periappendiceal inf lammatory 
masses and only those who have a residual appendix fol- 
lowing the appropriate nonoperatlve intervention. 

Davat B~J'ele~; 3I.D., EA.C.S. 
Department of Stage 0, 
Overlook Hospital 
Smnmit, New Je,v O, 
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Reply 
Dr. Befeler suggests that interval appendectomy is not 

necessary ill the majorit3." of  patients who initially present 
with a periappendiceal inflamnlato W mass treated by an- 
tibiotics, drainage, and observation. This issue remains 
controversial, since recurrence rates for appendicitis have 
been reported to be an)ashere from 0% to 20%, and sur- 
geons clearly differ in terms of  their recommendations to 
these patients. We xsould certainly agree with Dr. Befeler 
that a nonoperatwe approach is reasonable, assuming one 
is fairly certain that the original presentation was not due 
to a neoplastic process and the patmnt understands the po- 
tential for recurrent problems in the future. 

Dr. Befeler suggests that a barium enema is helpful in 
these patients; he believes that if the appendix does not fill 
with contrast medium, then there must be fibrous oblit- 
erauon and, therefore, minimal if any risk of  recurrent ap- 
pendicitis. Although this is an interesting hypothesis, I 
wonder  if Dr. Befeler is aware of  any support ing data. 
[ronicall), nonfilling of  the appendix on barium enema has 
generally been taken as a sign indicative of  the presence 
of  appendicitis, usually in the acute setting but even in pa- 
tmnts with more chronic symptoms. Clearly this question 
of  the significance, if an}, of  appendiceal filling on con- 
trast enema should be addressed in a rigorous, prospec- 
tive nlanner. 

Our  main purpose in writing our paper on interval lap- 
aroscopic appendec tomy x~ as to communica te  to other  
practitioners the t:act that this is an extremely simple and 
sate procedure associated with mininml morbidity. Since 
the issue of  interval appendectomy depends entirely on a 
risk/benefit ratio, we believe it is important to recognize 
that the "risk" side has probably been diminished in this 
new era of  laparoscopy. 

Rlchard A. Hodm, 3El). 
If 7lham Sden, ,l I. D. 
D~TartmeHt 0t'Surgc O, 
Beth Israel De, tconc.,.~ .1 leda'al Center 
Bostoll, ~ lassachlt,q, tt, v 
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no dysphagia, endoscopic sur~,eillance fi)r Barrett's esopha- 
gus revealed that the stricture had completely disappeared. 
In four patients with persistent dysphagia, endoscopy and 
dilation were performed. In two patients the stricture had 
improved from the preoperative status, and in two other 
patients there was no change. 

We are in the process of following these patients on an 
annual basis for 10 years. It is still too early to report the 
results of late follow-up. 

In patients with Shatzki's ring, the ring occurred at the 
squamocolumnar border. We did not particularly correlate 
this endoscopically measured distance from the distance of  
the high-pressure zone measured manometricallv. 

I share Dr. Csendes'  sentiment that patients with ad- 
vanced esophageal disease may require additional therapy, 
especially if the esophagus is tbreshortened. 

Jot, n G. I-hmtel; .~LD. 
Emo O, bS, iz'er~'tt~, School 0/'3 h'~hcine 
Atlanta, Geo,gm 

Interval Appendectomy in the Laparoscopic Era 

To the E&tots: 

In a recent paper Surg 1999 by Nguyen ,  Silen, and 
Hodin ,  the thrust  of  the article is summarized by the 
following quote: 

"Given the minimal morbidity of  the procedure, we be- 
lieve that ILA [interval laparoscopic appendectomy] 
should be considered for most patients who initially pre- 
sent with a periappendiceal mass." 

Thirty-five years ago, I wrote an article on recurrent 
appendicitis 2 stressing the need for interval appendectomy 
performed 6 weeks to 2 months after drainage if the pen-  
appendiceal inf lammatory mass had not been managed 
completely with appendectomy. I quoted a significant in- 
cidence of  recurrence, which was our experience at the 
time, and suggested that earl)" interval appendec tomy 
should be considered in this group. Many of  the appen- 
dectomies that we subsequently perfi)rmed were associ- 
ated with either a stump of  the appendix, a fibrinous band, 
or an appendiceal residue that did not pose a risk to the 
patient. Over the )'ears it has become well recognized that 
interval appendectomy is not necessa W in the majorit T of  
patients who have a periappendiceal inflammatory mass 
treated by antibiotics, drainage, and observation. One of  
the procedures that we have found to be most helpful in 
evaluating these patients is the barium enema. If  after 6 
weeks a barium enema reveals no residual appendix, then 
it is most appropriate not to perform subsequent surgery 
because the risk of  recurrent appendicitis is so small. On 
the other  hand, if there is a residual appendix demon-  
strated on barium enema fihns, paying careful attennon to 
the filling cecum, then we believe the risk of  appendicitis 
is real and consideration should be given to perfiwming 
an interval appendectom) after a rcasonablc period of  
time, and we strongly agrce that the laparoseopic at/- 
proaeh is approtn'iate. 

I beheve that it is essential to comment  on the article 
by Nguyen  et al. 1 because the impression one has from 
reading it is that interval laparoscopic appendectomy is 
appropriate in general for patients with periappendiceal 
inf lammatory masses. I do not  believe that this is uni- 
formly the case. I believe it ~s the case in the minority of  
the patients who have periappendiceal inf lammatory 
masses and only those who have a residual appendix fol- 
lowing the appropriate nonoperatlve intervention. 

Davat B~J'ele~; 3I.D., EA.C.S. 
Department of Stage 0, 
Overlook Hospital 
Smnmit, New Je,v O, 
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Dr. Befeler suggests that interval appendectomy is not 

necessary ill the majorit3." of  patients who initially present 
with a periappendiceal inflamnlato W mass treated by an- 
tibiotics, drainage, and observation. This issue remains 
controversial, since recurrence rates for appendicitis have 
been reported to be an)ashere from 0% to 20%, and sur- 
geons clearly differ in terms of  their recommendations to 
these patients. We xsould certainly agree with Dr. Befeler 
that a nonoperatwe approach is reasonable, assuming one 
is fairly certain that the original presentation was not due 
to a neoplastic process and the patmnt understands the po- 
tential for recurrent problems in the future. 

Dr. Befeler suggests that a barium enema is helpful in 
these patients; he believes that if the appendix does not fill 
with contrast medium, then there must be fibrous oblit- 
erauon and, therefore, minimal if any risk of  recurrent ap- 
pendicitis. Although this is an interesting hypothesis, I 
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Preoperative Biliary Drainage: Impact 
on Intraoperative Bile Cultures and Infectious 
Morbidit T and Mortality After 
Pancreaticoduodenectomy 

To tt:e Ed;tor: 

I am writing to inform you of an apparent duplicate pub- 
lication in JOURN \1. o1 C-ASJR( )IN[ I'S[ IN kL S[_tR(;[ - R~. All 
article that appeared in the Septentber/October  1999 issue I 
is vet). sinular to one that was published m the August 1999 
issue of A;z;;als 0/Su/geo,.-' 

T h e  authors are identical,  as is the t ime span of  the 
study. A major difference is that despite the same tiine span 
of study, the numher of  patients is larger m the series re- 
ported in A;;Ha/s ofSll/gelt,, l towever,  the majorit T of  the 
patients are reported twice, the tables are ve D" similar, and 
many sentences are repeated word fi)r ~ ord. One paper 
was presented at the Society of  Surgical Oncolo D" and the 
other  was presented at the ~Mnerican Gastroenterologlcal  
.&ssociation. 

I have also informed the editor ofAm;als  ofS;H'ge; 3' o f  
this situation. I have no personal quarrel w~th anyone at 
Mentorlal  S loan-Ket ter ing  Cancer  (]enter, nor do I seek 
publicitt.- by having this let ter  published. I just feel that  
some of  us have t rouble get t ing al{v paper accepted by a 
prestigious journal. Duplicate publication ol)x iously pre- 
cludes someone else fi'om repor t ing  his or  her work. Of  
course, the other problent with duplicate publication is that 
it leads to a perception by casual readers that a certain con- 
clusion is supported by lnore data than really exist. I do not 
unders tand why such respected acadentic surgeons feel 
the need to present  and publish the same ntaterial more 
than OllCe. 

)ames E. Baro.e, aLD. 
The Sta'z;(¢b;d Hospztal 
StaHzfi)vd, Comze~tattt 

RFFERENCES 

1. Povoski SP, Karpeh MS Jr, Conlon KC, Blumgart l.I t, Brennan 
,\IE Preoperatwe bdiao" drainage: hnpact on mtraoperatwe I)de 
cultures and mt'ectums morbl&t 3" and lnortalit 3" after pancre- 
atlcoduodenectomy. J (; ',s I R( )IN I t ", I SUR(, 1999;3.496-505. 

2. Povoskl SP, Karpeh ,\IS Jr, Conlon KC, Blumgart LH, Brennan 
*IF. Assocmtion of preoperative bdiat T dra,nage with postop- 
erative outcome fi~ll¢m mg pancreaticoduodenectom 5. _Mm Surg 
1999;2 ~,0 131-142. 

Reply 
Thank  you for the opportuni ty  to respond. We wouhl 

certainl) be concerned if we thought that ~e were, in any 
way, a par D" to "'duplicate pubhcatioil ."  Perhaps a closer 
view of the manuscripts would clearly resolve the issue. 

Dr. Barone is correct that the attthors of  both papers are 
the same, a~ they are the group studying such problems and 
the patient group is the samc- - tha t  is, patients undergoing 
pancreatmoduodenectomy. Hmsever, the associanon ends 
there. Perhaps the easiest x~ av to describe this is to examine 
the data. 

In the first paper, "Preoperative Bdiarv Drainage: hn-  
pact (m Intraoperatixe Bile (~ulturcs and Infectious ,\l~w- 

bidit~" and , \ lortal i ty After PancreaticoduodenectonLv," we 
examined 161 consecutive patients between Janua D 1994 
and January 1997. In the second paper, "?cssociation of Pre- 
operative Bihary Draiuage vlVith Postoperanve Outctmle 
Following Pancreaticoduodenectom.~," we examined 240 
con.secutive patients. The  total patient populatum, there- 
fi)re, was snnilar, as was the tmle interval studied. T h e  
clearest difference, howevel; is the intentions of  the papers. 
T h e  tim'st one focuses on examining the microorgamsms 
|ound in the h i e  at the tiine of the operation with and w~th- 
out preoperative tnlia D" drainage. The  second paper fi~cuses 
on the actual outcome in patients who have tmdergone pre- 
operative bilia W drainage. To confirm the major diffierences 
requires that we exantine the data supplied in the tahles of  
each manuscript. 

In paper  1 there  were e ight  tables. In paper  2 there 
were 12. Four  of the 12 tables in paper 2 are smfilar in ti- 
tle to fimr of  the eight  tables nl paper I, as they descmbe 
demographics ;  the difference is that  in the t{rst paper  
there are 125 patients in qhble 1I and in the second paper 
there are 175 m Table II. Siinilarly, m Table III of  paper 1 
there are 94 patients examined, and in paper 2 there are 
126 patients examined. In Tahle IV there are 161 patmnts 
in paper 1 and 240 patients in paper 2 (qhble I). In Table 
VI, there are 161 patients in paper 1 and 240 patients in 
paper 2 (Table V). 

The  remaining tables are ,',,mph'tel: different. Paper 1 fi)- 
cuses on microorganisms m Tables \~ \ q l ,  and VIII. There  
is H0 table addressing the issue of nticroorganisms in paper 
2. As it was the mmroorganisins that were the fi)cns of the 
first paper, this wot, ld seem appropriate.  

The  second paper provides an extensive anah'sls of  co- 
morbid  conditions,  preoperat ive and interoperati~ e vam- 
ahles associated ~i th  intra-abdominal  abscess, postopera-  
tive complicat ions,  and postopera t ive  death,  a long x~ith 
analysis of  patients who only had pancreatic adenocarcl-  
noma. Table XII in paper 2 is an extensix e reviex~ of  the lit- 
erature that addresses this subject. 

Al though we, like Dr. Barone, would vicx~ duphcate  
pubhca t ion  very seriously,  we bcheve that  a review of  
these two manuscripts  would show great differences, and 
the extenswe amount  of  data provided is quite, quite dif- 
ferent.  Perhaps  one wax to look at it is that  if the tx~o 
manuscripts had been colnbmed,  would any edi tor  accept 
a manuscr ipt  with 16 tables inchtding, fi)r example, e ight  
nonover lapping tahles that took up four pages of  journal 
text? 

Iit summary, we view Dr. Barone's allegations with great 
concern, but on this occasion it appears that they cannot be 
substantiated. ~iVe u ouhl encourage a more critical revim~ 
of  the tx~ o articles. 

M:tmav E Brcm,ml, .ll .D. 
.l la;-tz;; S. l'G;/'pt'h, .I L D. 
Ke~,;;; C. Co;do;z, M.D.  
Leshe Bhmga/r ,  3 I. D. 
Ste-:e/: Po-,'oskz, .I I. D. 
.1 h'/;;o/val S/oa;;-Kette;w;g Ca;:ccr Ce/;ter 
.M'7' );;;h, .Vcz,' }b;k 
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