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Objective
To determine the results of a new surgical procedure for patients with Barrett's esophagus.

Summary Background Data
In addition to pathologic acid reflux into the esophagus in patients with severe
gastroesophageal reflux and Barrett's esophagus, increased duodenoesophegeal reflux has
been implicated. The purpose of this study was to establish the effect of a new bile
diversion procedure in these patients.

Methods
Sixty-five patients with Barrett's esophagus were included in this study. A complete clinical,
radiologic, endoscopic, and bioptic evaluation was performed before and after surgery.
Besides esophageal manometry, 24-hour pH studies and a Bilitec test were performed.
After surgery, gastric emptying of solids, gastric acid secretion, and serum gastrin were
determined. All patients underwent highly selective vagotomy, antireflux procedure
(posterior gastropexy with cardial calibration or fundoplication), and duodenal switch
procedure, with a Roux-en-Y anastomosis 60 cm in length.

Results
No deaths occurred. Morbidity occurred in 14% of the patients. A significant improvement
in symptoms, endoscopic findings, and radiologic evaluation was achieved. Lower
esophageal sphincter pressure increased significantly (p < 0.0001), as did abdominal
length and total length of the sphincter (p < 0.0001). The presence of an incompetent
sphincter decreased from 87.3% to 20.9% (p < 0.0001). Three of seven patients with
dysplasia showed disappearance of this dysplasia. Serum gastrin and gastric emptying of
solids after surgery remained normal. Basal and peak acid output values were low. Twenty-
four hour pH studies showed a mean value of 24.8% before surgery, which decreased to
4.8% after surgery (p < 0.0001). The determination of the percentage time with bilirubin in
the esophagus was 23% before surgery; this decreased to 0.7% after surgery (p <
0.0001). Late results showed Visick and 11 gradation in 90% of the patients and grade IlIl
and IV in 10% of the patients.

Conclusions
This physiologic approach to the surgical treatment of patients with Barrett's esophagus
produces a permanent decrease of acid secretion (and avoids anastomotic ulcer),
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decreases significantly acid reflux into the esophagus, and abolishes duodenoesophageal
reflux permanently. Significant clinical improvement occurs, and dysplastic changes at
Barrett's epithelium disappear in almost 50% of the patients.

Reflux of duodenal content into the stomach or esophagus
can be a normal physiologic event. However, excessive duo-
denogastric reflux in humans can occur after surgery and has
been implicated in the development of gastritis, gastric ulcer,
cancer of the gastric stump, and postcholecystectomy dyspep-
sia.'-' In the past decade, investigators have shown that in
patients with Barrett's esophagus, there is not only pathologic
acid reflux, there is severe and pathologic reflux of duodenal
content into the esophagus.822 In addition, bile reflux has
been implicated as playing an important pathogenic role in the
development of adenocarcinoma in Barrett's esophagus.23-26

Until now, the main surgical treatment of patients with
Barrett's esophagus has been a Nissen fundoplication. With
this procedure, acid reflux and bile reflux into the esopha-
gus may be decreased but never abolished completely.27'28
The introduction by DeMeester et al.5 in 1987 of a new
procedure for permanent control of pathologic duodenogas-
tric reflux by the duodenal switch procedure seems ideal
to abolish completely alkaline reflux without disturbing
gastric motility and emptying. By adding highly selective
vagotomy, anastomotic ulcer (which occurs in 10% of pa-
tients) also can be avoided (Fig. 1).

The purposes of the current study were to determine the
immediate and late clinical results in patients with Barrett's
esophagus who undergo duodenal switch procedure; to mea-
sure objectively eventual changes in gastric acid secretion,
gastric emptying of solids, and serum gastrin after this proce-
dure; to determine changes in acid reflux and bile reflux into
the esophagus after this procedure; to determine the effect of
permanent abolition of bile reflux on the evolution of dyspla-
sia in Barrett's metaplastic mucosa; and to determine by a
randomized study the differences between fundoplication and
cardial calibration in the prevention of gastroesophageal re-
flux.

MATERIALS AND METHODS
Patients Studied

Sixty-five patients (36 women, 29 men) with Barrett's
esophagus were studied prospectively from January 1992
to January 1996. The patients ranged in age from 21 to
77 years (mean age, 52.5 years). Patients with severe
dysplasia or adenocarcinoma were excluded from the
study.

Figure 1. Schematic representation of the proposed operation. Highly
selective vagotomy. Antireflux surgery and duodenojejunostomy with
Roux-en-Y limb.

A special protocol including subjective and several ob-
jective evaluations was designed at the beginning of the
study to provide a complete evaluation of each patient.
These patients had been treated for at least 12 months with
omeprazole, and symptoms of gastroesophageal reflux or
endoscopic esophagitis or both had recurred days after sup-
pression of this therapy.

Symptomatic Evaluation
A clinical questionnaire was completed by each patient

about the presence of heartburn, regurgitation, dysphagia,
respiratory symptoms, epigastric pain, and retrostemal
pain. The severity of heartburn, regurgitation, and dyspha-
gia was classified in three categories (mild, moderate, and
severe) according to the criteria described by lascone et
al.29

Radiologic Studies
In all 65 patients before surgery and in 44 after surgery,

a complete radiologic evaluation of the distal esophagus,
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Surgical Treatment of Patients with Barrett's Esophagus 125

stomach, and duodenum; gastric emptying; and anatomic
characteristics of the duodenal switch surgery were stud-
ied. The presence of esophageal stricture, ulcer, and hiatal
hernia also was determined. The maximal internal diame-
ter of the distal esophagus and esophagogastric junction
was measured before and after antireflux surgery, because
it has been shown that with an internal diameter more
than 25 mm, which corresponds to a dilated cardia or
esophagogastric junction, free reflux can occur.30

Upper Endoscopy
This procedure was performed with the use of the

Olympus (Tokyo, Japan) GIFXQ20 instrument by two
of the authors. The presence of Barrett's esophagus was
determined when the squamous-columnar junction was
seen 3 cm proximal to the endoscopic location of the
lower esophageal sphincter (41 patients) or based on the
presence of tongues proximal to the squamous-columnar
junction of at least 15-mm length (24 patients). In all these
patients, biopsy results showed the presence of intestinal
metaplasia in these tongues (short Barrett's esophagus).
However, the final precise length of Barrett's esophagus
was diagnosed by comparing the location of the manomet-
ric proximal limit of the lower esophageal sphincter and
the endoscopic location of the squamous-columnar junc-
tion from the incisors. That is why the precise location
of this junction was defined carefully at the beginning
and at the end of the endoscopy.3' This procedure also
was used in the early postoperative period to dilate anasto-
motic strictures in some patients. At least five biopsy
specimens were taken in each patient to confirm the pres-
ence of the metaplastic epithelium.

Manometric Evaluation

This test was conducted after patients fasted for 12
hours and while they were in the supine position.'31,2 The
device consisted of four polyvinyl catheters bound to-
gether so that the 0.5-mm side hole was 3 cm apart from
each of the other holes (Synectics Medical, Stockholm,
Sweden).

Each catheter was perfused from a pneumohydraulic
pump (Arndorfer Medical Specialties, Milwaukee, WI) at
a rate of 0.5 mL/minute. Before each test, the whole
system was calibrated, and the sudden occlusion of the
side hole produced an increase of 400 mmHg at 1 second.
The recording catheter was introduced through the mouth
after patients were administered slight pharyngeal anes-
thesia in the stomach. In this way, the distances from the
incisors were comparable to those on endoscopic findings.
The end-expiratory fundic pressure was taken as zero
reference, and all values were expressed in millimeters
of mercury. Three manometric characteristics of the lower

esophageal sphincter were determined: resting pressure,
total length, and abdominal length.

This latter measurement was taken from the distal end
of the sphincter up to the respiratory inversion point,
which is the level at which the end-expiratory pressure
changes from a positive to a negative deflection.3'32 In
each patient, three slow pull-throughs were obtained. The
mean values were taken of all measurements of the three
catheters, that is, 12 determinations in each patient. The
location of the distal and proximal ends of the lower
esophageal sphincter was measured in centimeters from
the incisors. The amplitude of the distal esophageal con-
tractile waves was determined. This test was performed
before and 6 months after surgery.

Gastric Acid Secretion
Basal and peak acid output was determined 6 months

after surgery using histamine acid phosphate (0.04 mg/
kg), as described previously.33 The values were expressed
in millimole per hour.

Gastric Emptying of Solids
This test was performed 6 months after surgery using

ovalbumin marked with technetium Tc-99m, determining
the time at which 50% of the ingested isotope has been
emptied from the stomach (T '/2) and the percent of reten-
tion at 60 to 90 and 120 minutes. Complete details of
this procedure have been described elsewhere.34 For this
study, 30 control subjects without gastrointestinal disease
were evaluated. All these subjects showed normal upper
gastrointestinal endoscopy.

Serum Gastrin

This test was performed after patients fasted for 12
hours. Peripheral venous samples were taken, and serum
gastrin concentrations were determined by radioimmune
analysis.35 The normal value is below 200 pg/mL.

24-Hour lntraesophageal pH Study
This test was performed after patients fasted for 12

hours,36'37 at which time the catheter was introduced
through the nose to the stomach (Digitrapper Synectics,
Stockholm, Sweden). The catheter was then placed 5 cm
above the lower esophageal sphincter (manometry is al-
ways performed before this procedure), and the micro-
computer analyzed more than 20,000 determinations dur-
ing 24 hours. From six different parameters that can be
evaluated, the most useful and practical is the total per-
centage of time in which the intraesophageal pH remains
below 4, with a normal value less than 5% during 24
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126 Csendes and Others

Table 1. ENDOSCOPIC FINDINGS IN
PATIENTS WITH BARRETT'S ESOPHAGUS
BEFORE AND AFTER DUODENAL SWITCH

Before After
(n = 65) (n = 65)

Location of squamous columnar junction (cm from incisors)
Mean 33.6 ± 2.7 35.0 ± 2.7 (p < 0.1)
Median 34 35
Range 29-39 30-40

(34% . 32 cm) (20% . 32 cm)
(66% 2 33 cm) (80% 2 33 cm)

Presence of erosions proximal to squamous columnar junction
Absent 27.7% 90% (p < 0.001)
Grade 43.1% 10%
Grade II 29.2% 0

Mild dysplasia 7 patients (10.8%) 4 patients (6.1%)

hours (72 minutes). This test was performed on the pa-

tients before and 6 months after surgery.

24-Hour Monitoring of Esophageal
Exposure to Duodenal Juice

This new procedure has been developed to measure

spectrophotometrically the intraluminal bilirubin concen-

tration.20 38 39 It consists of a portable opticoelectronic data
logger (Bilitec 2000; Synectics Medical) connected to a

fiberoptic probe that is passed transnasally and positioned
5 cm proximal to the lower esophageal sphincter. This
sensor measures 3 mm in diameter and 140 cm in length
and contains 30 plastic optical fibers bound together. The
tip of the probe contains a 2-mm space for sampling. The
light source is provided by two light-emitting diodes that
emit a 460-nm signal light (blue spectrum) and a 565-
nm reference light (green spectrum). They are stimulated
alternately for a duration of 0.5 second. The specific
wavelength of absorption for bilirubin is 453 nm and is
highly reproducible, despite pH changes caused by envi-
ronment or food intake. It allows determination of more

than 5400 measurements during 24 hours. The final calcu-
lation is based on the percentage of time that bilirubin is
measured in the esophagus; below 2% of the time (28
minutes) is normal. Because of its recent introduction,
this procedure was used in the last 32 patients and was

repeated in 23 patients 6 months after surgery.

Surgical Procedure

The three main principles of the surgical procedures
are to decrease acid secretion and to avoid anastomotic
ulcer by performing highly selective vagotomy; to avoid
acid reflux to the esophagus by performing an antireflux
procedure (either fundoplication or cardial calibration);

and to abolish permanently duodenogastroesophageal re-

flux by performing end-to-end duodenojejunostomy with
a 50-cm long limb.

Patients are placed in a tilted position with the chest
elevated above the feet. Highly selective vagotomy is
performed as described elsewhere.32'40-43 When posterior
gastropexy and calibration of the cardia are performed,40'43
four nonabsorbable stitches are used, and the last two are

left for posterior gastropexy, using a bougie N° 30 for a

precise calibration. When a 3600 fundoplication is per-

formed, four stitches are used, and the proximal and distal
sutures are stitched to the esophageal wall. Two stitches
for an anterior fundophrenopexy are always placed to
avoid an anterior iatrogenic paraesophageal hernia. Then,
the duodenal switch is performed (Fig. 1). The pylorus
and the common bile duct are located by performing an

extensive Kocher's maneuver. The peritoneum above the

Table 2. MANOMETRIC FEATURES OF
LOWER ESOPHAGEAL SPHINCTER IN

PATIENTS WITH BARRETT'S ESOPHAGUS
BEFORE AND AFTER SURGERY

Before After
(n = 63) (n = 43)

Resting pressure (mmHg)
Mean 7.8 ± 3.3 12.5 ± 3.6 (p < 0.0001)
Median 7 12
Range 3-25 5-25
% increase pressure 50
% of patients who

increase LESP 86
Total length (mm)
Mean 28.7 ± 9.1 39.1 ± 8.2
Median 30 40 (p < 0.0001)
Range 8-50 25-60
% increase length 41
% patients who

increase sphincter
length 76

Abdominal length (mm)
Mean 5.8 ± 5.6 14.3 ± 6.4
Median 5 15 (p < 0.0001)
Range 0-23 0-27
% increase length 160
% patients who

increase abdominal
length 76

Location of LES (distance
from incisors in cm)

Mean 39.5 ± 3.3 41.3 ± 2.7
Median 40 42 (p < 0.007)
Range 32-48 37-47
% patients who

increase esophageal
length 74

LESP = LES pressure; LES = lower esophageal sphincter.
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Surgical Treatment of Patients with Barrett's Esophagus 127

Table 3. PREVALENCE OF INCOMPETENT ESOPHAGEAL SPHINCTER IN PATIENTS WITH
BARRETr'S ESOPHAGUS BEFORE AND AFTER DUODENAL SWITCH

Factors Before (n = 63) After (n = 43) p

LESP < 6 mmHg 26 (41.2%) 2 (4.8%) <0.0007
Total length < 20 mm 18 (28.6%) 0 <0.0003
Abdominal length < 10 mm 53 (84.1%) 6 (14%) <0.00001
No. of patients with incompetent LES 55 (87.3%) 9 (20.9%) <0.00001

Patients with 1 factor (+) 24 9
Patients with 2 factors (+) 22 0
Patients with 3 factors (+) 0 0

LESP = lower esophageal sphincter pressure; LES = lower esophageal sphincter.

duodenum is opened and the posterior wall of the duode-
num is dissected, where the duodenal wall adheres to the
pancreas.

At the right surface of the duodenum, it is always nec-
essary to cut one or two short vessels that bleed if they
are not tied. A duodenal section is performed with the
TA-55 stapler, leaving the duodenal distal stump closed
and the proximal duodenal stump open, allowing determi-
nation of whether the papilla is located at this portion
(which has never occurred). Then the jejunal limb 30 to
35 cm distal to the Treitz's angle is sectioned, to avoid
too much dissection of the mesenterium. This 50-cm long
limb is placed through the mesocolon exactly at the he-
patic angle, leaving it retrocolic.

The end-to-end duodenojejunostomy is made with polig-
lactine 910 or poliglecaprone in two layers (in the last 20
patients, only one layer was used to avoid strictures that
occurred in some of the early patients). Then the jejunojejunal
anastomosis is performed in a one-layer procedure with the
same suture material. A soft drain is placed around the duode-
nal stump. The nasogastric tube is left for 2 days if the 24-
hour output is less than 300 mL. Patients begin to be fed on
the fourth day after surgery, at which time a plain x-ray of
the abdomen is performed for surgeons to determine whether
gastric dilatation has occurred. The average hospital stay is
7 days after surgery.

Follow-Up

A careful protocol for follow-up was established at the
beginning of this study. Clinical examination is performed
at 15 days, 1 month, 3 months, 6 months, and 1 year
after surgery, then every 6 to 12 months. A barium upper
gastrointestinal series is performed 3 months after sur-
gery. Endoscopy, manometry, gastric emptying, serum
gastrin, gastric acid secretion studies, 24-hour pH, and
Bilitec 2000 tests are performed 6 months after surgery
when a full recovery has been achieved. After that, endos-
copy and biopsies are performed annually.

Statistical Analysis
For statistical evaluation, the Fisher's exact test, chi

square test, and Mann-Whitney test were used, with
p < 0.05 considered significant.

Biopsies
For each patient, at least five endoscopic biopsies were

taken before surgery, distal to the squamous columnar
junction. The specimens were fixed immediately in 10%
formaldehyde solution and stained with hematoxylin-eo-
sin. The presence of intestinal metaplasia and mild or
moderate dysplasia was evaluated carefully.

RESULTS
Before surgery, heartburn and regurgitation were seen

in 100% and 91% of patients, respectively. Sixty-nine
percent had retrosternal pain. Forty-three percent of pa-
tients had respiratory symptoms. The duration of symp-
toms corresponded to 92 months, with less than 60 months
of duration in 42% of patients and more than 60 months
of duration in 58% of patients. Previously, two patients
underwent failed antireflux surgery, whereas 45% of pa-
tients had cholecystectomy.

Clinical gradation of symptoms showed that almost
50% of the patients had severe heartburn or regurgitation,
whereas in the majority of patients dysphagia was mild.
The main endoscopic findings before and after surgery
are listed in Table 1. Although there was a descent in the
squamous-columnar junction, this was not significantly
different. The presence of erosive esophagitis proximal
to the squamous-columnar junction showed a significant
decrease after surgery, with disappearance of erosions in
90% of patients (p > 0.001). The endoscopic length of
the Barrett's esophagus showed no change after surgery.
Seven patients (10.8%) had mild dysplasia in the meta-
plastic epithelium after surgery. In three of these patients
after surgery, this dysplasia disappeared and instead there
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Table 4. RADIOLOGIC FINDINGS IN PATIENTS WITH BARRETT'S ESOPHAGUS BEFORE
AND AFTER DUODENAL SWITCH

Before (n = 65) After (n = 14) p

Hiatal hernia 24 (37%) 2 (4.5%) <0.0001
Stricture 6 (9.2%) 2 (4.5%) >0.47
Ulcer 15 (23%) 2 (4.5%) <0.01
Maximal internal diameter esophagogastric junction (mm) Mean 35 + 8.6 10.8 + 3.6 <0.0001

Median 35 10
(20-50) (7-30)
<24 mm, 6.2% <15 mm, 97.7%
>25 mm, 93.8% >16 mm, 2.3%

was normal intestinal metaplastic mucosa. The manomet-
ric features of the lower esophageal sphincter before and
after duodenal switch are listed in Table 2. Before sur-

gery, it was performed in 63 patients (97%), and after
surgery it was performed in 43 (90%) of the 48 patients,
with complete follow-up of more than 12 months. There
was a significant increase of lower esophageal sphincter
pressure in 50% after surgery (p < 0.0001). In 86% of
the patients, there was an increase in sphincter pressure,

and in 7% there was a decrease in sphincter pressure.

There was a 41% increase in total length (p < 0.000 1).
Only three patients (7%) showed a decrease in total
length.
The abdominal portion of the lower esophageal sphinc-

ter increased by 160% in length (p < 0.0001). In six
patients (14.3%), there was a decrease in abdominal
length. The location of the lower esophageal sphincter
moved distally 2.3 cm (p < 0.007), which meant the

Table 5. GASTRIC ACID SECRETION AND
SERUM GASTRIN VALUES IN PATIENTS
WITH BARRETT'S ESOPHAGUS AFTER

DUODENAL SWITCH

Serum gastrin (pg/mL) (n = 30)
27 patients (90%), mean 71 (20-200)
2 patients (6.7%), mean 281 (219-343)
1 patient (3.3%), (4200-1039)

Basal acid output (mM/hr) (n = 22)
Mean value 1.2 (0-11.4) 60% reduction compared with

normal values
<1 15 (68.1 %)
1.1-2 5 (22.7%)
>2-1 2 (9.1)
Normal value 3.0 ± 1 (1-5)

Peak acid output (mM/hr) (n = 22)
Mean value 11.7 (0-26.5) 42% reduction compared with

normal values
8 (36.4%) <10
11 (50%) = 11-20
3 (13.6%) >21
Normal value 20 + 5 (10-30)

whole esophagus was elongated by 10%, because the up-
per esophageal sphincter, which was located at a mean
distance of 16 cm from the incisors, showed no change
(esophageal length before surgery was 23 cm, and after
surgery it was 25.3 cm).
The amplitude of the distal waves of the esophagus

showed no significant change. As listed in Table 3, the
prevalence of an incompetent lower esophageal sphincter
can be defined when one of the following characteristics
is present: lower esophageal sphincter pressure equal to
or less than 6 mmHg, total length less than 20 mm, and
abdominal length of the sphincter less than 10 mm. The
single factor most altered was the abdominal length of
the sphincter. Before surgery, 55 (87%) of patients had
an incompetent sphincter, which remained so in nine
(21%) of the patients after surgery (p < 0.00001). The
main radiologic findings before and after surgery are
listed in Table 4. Hiatal hernia was present in 37% of the
patients and recurred in two patients after surgery (p <
0.0001). A stricture was seen in six patients and disap-
peared in four patients; marginal ulcer (located at the
squamous-columnar junction) was present in 15 patients
(23%) and healed in 13 of them.
The maximal internal diameter of the esophagogastric

junction was dilated significantly before surgery and de-
creased to a mean value of 10.8 mm after surgery (p <
0.0001).
No one died as a result of surgery. Early complications

were seen in 13.8% of the patients, corresponding mainly
to a partial stricture of the duodenojejunostomy, which
was managed by endoscopic dilatation (two or three dila-
tations) in the early postoperative period. This was seen
primarily when the two-layer anastomosis was performed.
One patient had a hemoperitoneum because of rupture

of the proximal pole of the spleen, which was assessed
by several abdominal scanners; the patient did not require
reoperation. At the beginning of our study, the jejunal
proximal limb was twisted erroneously in one patient,
and this was the only patient who underwent reoperation
(1.5%). In another patient who had a tight Nissen wrap,

Ann. Surg. * August 1997



Surgical Treatment of Patients with Barrett's Esophagus 129

Table 6. GASTRIC EMPTYING OF SOLIDS
IN PATIENTS WITH BARRETT'S

ESOPHAGUS SUBMITTED TO DUODENAL
SWITCH COMPARED WITH CONTROLS

(MEAN ± SD)

Duodenal Switch Controls
(n = 33) (n =30) p

T1,2 73.5 ± 22 (18-220) 84 ± 26 NS
% retention 60 min 50 ± 21 62 ± 12 NS
% retention 90 min 38 ± 18 41 ± 17 NS
% retention 120 min 22 ± 19 30 ± 15 NS

NS = not significant.

endoscopic dilatation was performed. Six months after
surgery, she had a perforation that immediately was reop-

erated on, and the Nissen procedure was redone. Her
course after that was excellent.
A randomized study was performed to compare proce-

dures among the first 40 patients who underwent surgery.
When choosing between the Nissen procedure or posterior
gastropexy with cardial calibration (cardiogastropexy), 18
patients chose a Nissen procedure and 22 patients chose
cardiogastropexy.
The results of serum gastrin and gastric acid secre-

tion studies are listed in Table 5. Serum gastrin was

performed in 30 patients 6 months after surgery. In
only one patient (3.3%) did it have a significantly high
value, which remained high in a second control. She
had anacidity during the histamine test, but she re-

mained completely asymptomatic. Gastric acid secre-

tion studies were performed in 22 patients 6 months
after surgery. Basal acid output showed a low value
compared with that of normal subjects (approximately
60% less than control subjects), whereas peak acid
output values were below normal range in 86% of
the patients. Gastric emptying results of solids in 33
patients after the duodenal switch procedure are listed
in Table 6 and are compared with those of control
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5 - 33 (91.7 /.)4..5 11 (24/.)

p < 0.0001
Figure 2. Twenty-four-hour intraesophageal pH monitoring in 36 pa-
tients before and after surgery.

values. There were no significant differences with con-

trol subjects. Only two patients (6%) showed more

delayed emptying than control subjects, whereas in
five patients (15%), emptying was faster than in con-

trol subjects.
The results of intraesophageal 24-hour pH monitor-

ing before and 6 months after surgery are listed in
Table 7 and shown in Figure 2. This test was per-
formed in 59 patients (91%) before surgery and in
37 (72%) of the patients with late follow-up. Before

Table 7. 24-HOUR INTRAESOPHAGEAL pH STUDIES IN PATIENTS WITH BARRETT'S
ESOPHAGUS BEFORE AND AFTER DUODENAL SWITCH

Before (n = 59) After (n = 37)

% time < 4 in 24 hr
Mean 24.8 + 19.6 4.8 + 5.7
Median 20 3.8 (p < 0.0001)
Range 0.4-75 (0-30)

8 (13.5%) <4.9% 25 (67.6%) <4.9%
33 (55.9%) = 5-30%, 7 (18.9%) = 5-10%
18 (30.5%) >30.1%, 5 (13.5%) >10.1%
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Figure 3. Twenty-four-hour intraesophageal bilirubin monitoring in 16
patients before and after surgery.

surgery, and, until now, it has been performed in 23
patients late after surgery. In all patients, bile reflux
to the esophagus disappeared completely (p <
0.0001). The late results according to Visick grading
in the 51 patients with more than 12 months of follow-
up (Table 9) showed that almost 90% of the patients
were classified in Visick I or II, whereas five patients
(10.3%) were classified in Visick III or IV with a mean

follow-up of 28 months. As did a Visick IV patient,
these patients had recurrence of hiatal hernia and acid
reflux and a decrease of lower esophageal sphincter
pressure after surgery. The Visick IV had a Nissen
procedure. The results in the four patients with Visick
III corresponded to those in two patients with stricture
and ulcer who were taking aspirin for cardiovascular
disease and showed recurrence of pain, heartburn, and
ulcer. They have been treated medically. One patient
has heartburn and diarrhea with loss of weight. He
showed an increase in 24-hour pH studies from 13%
to 30% and has been treated medically because of
chronic psychiatric problems. Another patient had
weight loss and diarrhea without reflux symptoms.
None of the patients have undergone reoperation.
There was a similar failure rate after the Nissen proce-

dure (11.1%) compared with after cardiogastropexy
(10.6%).

DISCUSSION

surgery, there was significant pathologic acid reflux
into the esophagus in 86.5% of patients, which re-

mained positive in 32.4% of patients (p < 0.001).
However, when the same patients were evaluated be-
fore and after surgery (Fig. 2), 24% of patients still
had pathologic acid reflux into the esophagus.

There were no significant differences between fun-
doplication or cardial calibration with respect to con-

trol of acid reflux into the'esophagus. The results of
the 24-hour intraesophageal bilirubin reflux monitor-
ing into the esophagus are listed in Table 8 and shown
in Figure 3. It was performed in 32 patients before

Recently, it has been shown that patients with Bar-
rett's esophagus have several pathophysiologic alter-
ations,8,21,24,27 4-48 such as pathologic acid reflux to the
esophagus, presence of an incompetent sphincter, in-
creased acid secretion, delayed gastric emptying, al-
tered motility of distal esophageal wave, and increased
duodenogastroesophageal reflux.
The main pathogenic difference between patients

with Barrett's esophagus and patients with erosive
esophagitis is the presence of an increased reflux of
duodenal content into the esophagus.826 However, in
recent years, it has been difficult to show this. Methods

Table 8. 24-HOUR BILITEC STUDIES IN PATIENTS WITH BARRETT'S ESOPHAGUS
BEFORE AND AFTER DUODENAL SWITCH

Before (n = 32) After (n = 23) p

% time of bilirubin in 24 hr
Mean 23.5 ± 15.2 0.7 ± 0.7 <0.0001
Median 24 0.7
Range 0-51 0-2

<2.0 = 2 (6.2%) 0 = 7 (30.4%)
2.1-20 = 14 (43.8%) 0.1-2 = 16 (69.6%)
>20.1 = 16 (50%) >2.1 = 0
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such as gastric pH monitoring, aspiration techniques,
and cholescintigraphy have been criticized because of
their low sensitivity and specificity. Fiberoptic moni-
toring of bilirubin was introduced recently to measure
intraluminal exposure of bilirubin for an entire 24-
hour cycle on an outpatient ambulatory basis. It has
been shown that this is an accurate method to assess
bile reflux into the esophagus. With this procedure,
we also have shown in our patients with Barrett's
esophagus that in 94% of the patients, Bilitec 2000
monitoring showed a markedly increased intraesopha-
geal exposure time to bile.

Forty-five percent of our patients previously under-
went cholecystectomy. It has been shown that chole-
cystectomy increases duodenogastric reflux epi-
sodes.49,50

It is surprising that although the pathogenic changes
are different in patients with erosive esophagitis and those
with Barrett's esophagus, the same surgical technique,
Nissen fundoplication, has been used. Therefore, in many
articles, both groups are joined together and results are
expressed as a unique group. With the introduction of the
duodenal switch procedure by DeMeester et al.5 in 1987
to abolish duodenogastric pathologic reflux in patients
with alkaline gastritis, it seemed to us adequate for the
control of excessive duodenogastroesophageal reflux in
patients with Barrett's esophagus. That is why we devel-
oped the current physiologic approach for patients with
Barrett's esophagus based on the following considera-
tions:

1. To perform a highly selective vagotomy to decrease
acid secretion, to avoid anastomotic ulcer, and to
improve gastric emptying.

2. Antireflux surgery either 3600 Nissen fundoplication
or posterior cardiogastropexy to compare results of
both antireflux techniques by randomization.

3. Duodenal switch procedure to abolish completely
and permanently duodenoesophageal reflux and
therefore avoid the development of dysplasia or ade-
nocarcinoma.

In the current article, we have shown that our surgical
approach fulfills the following criteria:

1. A decrease in gastric acid secretion is accomplished,
as measured by basal and peak acid outputs in our
patients.

2. Gastric emptying is normal or slightly accelerated.
3. Serum gastrin is not changed, although there is a

decrease in acid secretion.
4. Significant improvement of the incompetent sphinc-

ter occurs in the majority of patients.
5. Significant control of acid reflux into the esophagus

by 24-hour pH monitoring is obtained.
6. The most important and new finding is the demon-
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stration of a complete abolition of duodenoesopha-
geal reflux in these patients.

Our study is the first in patients with Barrett's esopha-
gus. The only other clinical study concerning the duo-
denal switch procedure was reported by DeMeester et
al.,5 who studied 10 patients after this surgery. Among
their patients who did not undergo highly selective
vagotomy, anastomotic ulcers developed in 10%.
Other studies in dogs and baboons have shown that
duodenal switch procedure produces no change on
gastric emptying, whereas antrectomy and the Roux-
en-Y procedure do.7
We do not agree with Fuchs et al.,46 who state that

there is no place for duodenal diversion in patients with
primary reflux disease caused by an incompetent sphinc-
ter. This is true in patients with erosive esophagitis in
whom surgical augmentation of the lower esophageal
sphincter can prevent acid reflux with a success rate of
approximately 90%. In patients with Barrett's esophagus,
alkaline reflux cannot be prevented completely after an
antireflux procedure because some reflux always oc-
curs.27'28 In fact, it has been shown that antireflux surgery
does not prevent the development of an adenocarcinoma
in patients with Barrett's esophagus.51-55 However, in the
current study, we have proved for the first time that the
duodenal diversion procedure can revert the presence of
dysplasia in Barrett's epithelium, as occurred in three of
our seven patients.
We have not seen this effect with chronic antireflux

surgery (unpublished observation, 1997). This is an im-
portant observation and conclusion of our study. Ninety
percent of the time, this surgery has produced good re-
sults. Ten percent of the time, it has failed because of the
persistence of acid reflux, a condition that can be treated
easily.
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