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Bacl<Rround/Aims: Several reports suggest that duode 
nogastroesophageal reflux may produce esophagitis, 
Barrett’s esophagus, and esophageal adenocarci- 
noma. The purpose of this study was to understand 
better the relationship of pH (~4 and >7), duodeno- 
gastroesophageal reflux, and fasting bile acid concen- 
trations in producing esophageal damage. Methods: 
Using a spectrophotometric technique to measure bile 
reflux, four groups were studied: healthy subjects, re- 
flux patients, patients with Barrett’s esophagus, and 
patients with esophageal symptoms after partial gas- 
trectomy. Results: Simultaneous 24hour pH and bile 
monitoring of distal esophagus found close association 
between total percent of time pH ~4 and duodenogas- 
troesophageal reflux (r = 0.78; P < 0.001) but a poor 
relationship (r = -0.06) with total percent of time pH 
>7, suggesting that the term alkaline reflux is a misne 
mer. Duodenogastroesophageal reflux increased sig- 
nificantly with the severity of reflux disease, being 
greatest in patients with Barrett’s esophagus and com- 
parable with that in patients with partial gastrectomy. 
Fasting bile acid concentrations did not distinguish pa- 
tients with Barrett’s esophagus from those with reflux. 
Rather, increased quantity of acid reflux was the single 
factor most characterizing patients with Barrett’s 
esophagus. Omeprazole (20 mg twice dally) normalized 
acid reflux parameters (13.8% + 1.6% to 0.8% + 0.6%) 
and significantly (P < 0.001) decreased duodenogas- 
troesophageal reflux (32.8% 5 6.9% to 4.7% 2 1.7%). 
Conclusions: Acid reflux is the primary factor in the 
development of Barrett’s esophagus. Bile reflux paral- 
lels acid reflux and, at best, may have a synergistic 
role. Aggressive acid suppression with omeprazole 
markedly decreases both. 

G astroesophageal reflux disease (GERD) accounts for 
approximately 75 % of esophageal pathology.’ The 

roles of acid and pepsin in this disorder are well under- 
stood,2-5 but the importance of other duodenogastric 
(DG) contents, especially bile acids and trypsin, is con- 
troversial. Although animal studies suggest that bile 
acids can produce pH-dependent esophageal mucosal in- 

jury,3-8 human evidence for the damaging effects of bile 
acids is meager.‘-I2 Nevertheless, several recent re- 
ports13-” suggest that increased duodenogastroesopha- 
geal reflux (DGER) is more frequent and may predispose 
to the development of complicated GERD, including 
strictures and Barrett’s esophagus.‘3-‘5 Furthermore, 
these reports speculate that prolonged acid suppression, 
without repair of the mechanically defective lower esoph- 
ageal sphincter (LES), may promote the development of 
Barrett’s esophagus and its associated adenocarcinoma by 
perpetuating the reflux of damaging alkaline DG con- 
tents. 

Attempting to measure and quantitate DGER accu- 
rately is a major problem. Direct continuous aspiration 
of bile acids from the esophagus is cumbersome, and 
clinical results are variable.16-‘9 Cholescintigraphy and 
selenium-homocholic acid-taurine scanning are station- 
ary methods and require injection of a radioactive reflux 
marker. DGER may be estimated indirectly by ambu- 
latory esophageal pH monitoring using an esophageal 
pH > 7 to indicate “alkaline reflux.“” However, expo- 
sure to pH < 4 is a more dependable sign of acid reflux 
than exposure to pH > 7 is of DGER. To be confident 
of the latter, other possible causes of pH > 7 must be 
excluded, including equipment error, dietary considera- 
tions, dental infections changing the pH of swallowed 
saliva, pooling of saliva in an obstructed esophagus, and 
increased salivation simulated by either the irritating pH 
probe or acid reflux.13z20 Furthermore, the accuracy of 
this technique has been recently questioned.21-23 

Recently, a new fiberoptic system (Bilitec 2000) was 
developed that detects DGER spectrophotometrically, 
independent of PH.‘* Using this technology, we sought 
to better understand the relationship between pH (both 
pH < 4 and pH > 7), DGER, and fasting bile acid 

Abbreviations used in this paper EDT, bilirubln ditaurate; DG, due 
denogastrlc; DGER, duodenogastroesophageal reflux; GERD, gastro- 
esophageal reflux disease. 
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concentrations in the development of esophageal damage, 

especially Barrett’s esophagus. Healthy subjects, patients 

with GERD, and patients with Barrett’s esophagus were 

studied to assess the entire spectrum of acid-related 

GERD. Patients with esophageal symptoms after partial 

gastrectomy for complicated ulcer disease served as a 

control group for the damaging esophageal effects of 

“alkaline” DGER. 

Materials and Methods 
The study protocol was approved by the Institutional 

Review Board for Human Use at the University of Alabama 
at Birmingham on April 2, 1992. 

Study Population 

Forty-five subjects were identified through the esopha- 
geal and endoscopy laboratories of the University of Alabama 
at Birmingham hospitals. The subjects were classified into four 
groups: 12 healthy controls (mean age, 46 years; 6 men), 13 
patients with GERD (mean age, 59 years; 10 men) defined by 
frequent heartburn symptoms and abnormal 24-hour esopha- 
geal pH parameters,2s 10 patients with Barrett’s esophagus 

(mean age, 59 years; 10 men), and 10 patients who had under- 
gone partial gastrectomy (mean age, 60 years; 8 men) for com- 
plicated ulcer disease. All patients except three with GERD 
underwent upper gastrointestinal endoscopy. The following 
grading system of esophagitis was used: grade 0, normal; grade 
I, friability, edema; grade II, erosions; and grade III, ulcer- 
ations. Of the 10 patients with GERD undergoing endoscopy, 
2 had grade I, 3 had grade II, and 2 had grade III esophagitis. 
The 10 patients with Barrett’s esophagus had 5.6 cm mean 
length (range, 3-10 cm) of biopsy-proven columnar epithe- 
hum. Four patients also had peptic strictures, 3 with esopha- 
geal ulcers, but no patient had high-grade dysplasia or malig- 
nancy. All postsurgical patients had undergone vagotomy and 
partial gastrectomy for complicated peptic ulcer disease and 
had a mean of 23 years (range, lo-37 years) before our study. 
Four patients underwent Billroth I anastomosis and 6 under- 
went Billroth II anastomosis. Only 3 patients had endoscopic 
evidence of esophagitis; 1 had grade II and 2 had grade III 
esophagitis. One patient with a Billroth II anastomosis had a 
Barrett’s esophagus diagnosed before her peptic ulcer surgery. 

In Vitro Studies 

pH titration studies with bilirubin and bile. Bilirubin 
ditaurate (BDT) solutions (Porphyrin Products, Logan, UT), 
at 40 I,tmol/L concentration, were prepared at pH ranging from 
1.5 to 7.5 by increments of one pH unit using saline solutions 
pH-adjusted with NaHCO, and HCI. The samples were then 
immediately analyzed with Bilitec and spectrophotometry 
(Lambda 6; Perkin-Elmer, Norwalk, CT). Similarly, duodenal 
bile samples obtained during endoscopic retrograde cholangio- 
pancreatography were diluted in saline at pH ranging from 
1.5 to 7.5 to give a solution with a final bilirubin concentration 

of approximately 40 PmoliL and analyzed immediately using 
the Bilitec probe and spectrophotometry. 

Fasting gastric bile acid concentrations. After an 
overnight fast and discontinuation of acid-suppressing medica- 
tions (48 hours for Hz blockers and 1 week for omeprazole), 
all subjects had a size 12 Salem sump nasogastric tube passed 
into the gastric antrum with the position verified by fluoros- 
copy. Gastric aspirations obtained in the first 15-20 minutes 
were discarded. Subsequently, intermittent aspiration using a 
30-mL syringe for 15 minutes provided gastric juice that was 
immediately shielded from light by aluminum foil and used 
without delay for bile acid and pH analysis. The total bile 
acid concentration of each sample was measured by the 3- 
hydroxydehydrogenase assay.*’ 

In Vivo Studies 

General study design. All subjects stopped any medi- 
cations known to affect gastrointestinal motility or acid secre- 
tion for at least 48 hours before studies. Omeprazole was dis- 
continued 1 week before the study. 

All subjects underwent esophageal manometry to locate the 
LES after an overnight fast. After calibration, the glass pH 
electrode and the Bilitec fiberoptic probe were passed nasally 
and positioned 5 cm above the proximal border of the LES. 
The position of both catheters was checked Auoroscopically. 
All subjects were provided with Carnation Nutran 1.5 (Clintec 
Nutrition Company, Deerfield, IL) and asked to consume two 
cans (total volume, 500 mL) for each meal. This liquid diet 
provides 2250 calories (16% protein, 45% carbohydrates, 39% 
fat), has a pH between 5 and 7, and has no absorbance in 
the bilirubin range based on two separate 24-hour studies 
performed in our laboratory. A liquid rather than a solid diet 
was required for two reasons: (1) previous pilot studies found 
that some foods could interfere with the bilirubin measurement 
because they have an absorbance close to 470 nm, and (2) solid 
foods could plug the tip of the probe, which can be recognized 
on the bilirubin tracing by an out-of-scale peak followed by a 
persistent plateau.2* Patients returned home with instructions 
to keep a diary recording symptoms, meal times, time of laying 
down for sleep, and the time of rising in the morning. Patients 
returned the next day after 18-24 hours’ monitoring to have 
the probes removed and the diaries reviewed. 

Variability studies. Intrasubject variability of DGER, 
as measured by percent of time for bilirubin absorbance, was 
studied in eight subjects (one control, three patients with 
GERD, and four patients with Barrett’s esophagus). As de- 
scribed above, the two studies were separated by no more than 
2 weeks. For both studies, patients were on similar liquid diets 
and encouraged to have comparable levels of activity. 

Omeprazole studies. The influence of marked acid 
suppression on DGER was studied in nine patients previously 
documented to have both acid and DGER (three patients with 
GERD and six patients with Barrett’s esophagus). All patients 
received omeprazole (20 mg twice daily) for 2 weeks, and 
simultaneous pH and Bilitec studies were repeated. Again, 
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patients were on similar liquid diets and encouraged to have 
comparable levels of activity as in their baseline studies. 

Ambulatory esophageal pH monitoring. The pro- 
longed esophageal pH studies were performed using a glass 
electrode (model lot 440 M3; Mui Scientific, Missauga, Can- 
ada) with a diameter of approximately 4.0 mm and a built-in 
reference electrode (Ag/AgCL) near the end of the tip. The pH 
electrode was calibrated at 37°C in pH 7 and 1 buffer solutions 
(Fisher Scientific, Fairlawn, NJ) before and after completion 
of each study. The pH electrode was connected to a portable 
digital data recorder (Mark II Gold; Synectics, Irving, TX) 
that stored pH data every 4 seconds for up to 24 hours. After 
the study, the data recorded were downloaded onto an IBM- 
compatible computer for analysis using a Gastrosoft (Gastrosoft 
Inc., Irving, TX) computer program. The acid pH data (per- 
cent of time pH was <4) and alkaline pH data (percent of 
time pH was >7) were analyzed separately for total, upright, 
and supine periods. 

Ambulatory DGER-monitoring system. Prolonged esoph- 
ageal monitoring of DGER was performed using a fiberoptic 
sensor (Bilitec 2000; Synectics) developed by Paulo Bechi et 
al.** The system consists of a miniaturized fiberoptic probe 
that carries light signals into the esophagus and back to the 
optoelectronic system via a plastic fiberoptic bundle. The 
Teflon probe head has a 2.0-mm open groove across which 
two wavelengths of light are emitted and material is sampled. 
Two light-emitting diodes (at 470 and 565 nm) represent the 
source for measurement of bilirubin and reference signal (i.e., 
no bilirubin absorption), respectively. The portable photodiode 
system converts the light into an electrical signal. After ampli- 
fication, the signals are processed by an integrated microcom- 
puter that calculates the difference of the absorbances at 470 
nm and 565 nm. This value is directly proportional to the 
bilirubin concentration in the sample under study. The period 
between two successive pulses from the same source (sampling 
time) is 8 seconds. In addition, the software averages between 
the absorbances calculated over two successive samplings to 
decrease the noise of the measurements. After completion of 
the study, all data were downloaded onto an IBM-compatible 
computer for analysis using Gastrosoft computer program. The 
DGER data were measured as percent time for bilirubin ab- 
sorbance of >0.14 and analyzed separately for total, upright, 
and supine periods. 

In vivo studies from Bechi et al. (49 samples)** and our 
laboratory (63 samples) have found a good correlation between 
Bilitec absorbance values and bile acid concentration measure- 
ments of gastric aspirates (r = 0.71, P < 0.01, and r = 0.82, 
P < 0.001, respectively) using enzymatic assays.27,2R From 
these studies, a Bilitec threshold value beyond which bilirubin 
reflux was considered to take place was identified. This thresh- 
old value was 0.14 absorbance units, below which values could 
be accounted for by scattering effects caused by gastric contents 
(i.e., suspended particles and mucus).** 

Statistical Analyses 

All data are presented as means (? SEM), and ranges 
of values are given where appropriate. A series of one-way 

analysis of variance were performed with the between-subject 

variable being subject groups (controls and patients with 
GERD, Barrett’s esophagus, and partial gastrectomy). The de- 
pendent variables were percent of time pH was <4, percent 
of time pH was >7, percent of time bilirubin absorbance was 
20.14, and fasting bile acid concentrations. Student’s t tests 
were used to established P values between individual groups. 
Linear regression analyses were used to determine whether 
percent of time pH was <4 or >7 contributed significantly 
to differences in bilirubin absorbance in the three groups of 
subjects capable of having acid reflux. Raw values for bilirubin 
and pH variables were subjected to logarithmic transformation 
to correct for deviation from normality. Student’s t test for 
paired data was used to analyze the variability of bilirubin 
reflux during a period of 2 weeks, and the influence of marked 
acid suppression with omeprazole on percent of time pH was 
<4 and percent of time bilirubin absorbance was ~0.14. A 
P value of ~0.05 was considered statistically significant for 
all data analyses. 

Results 

In Vitro pH Titration Studies With Bilirubin 
and Bile 

The wavelength maximum of BDT and bile (450 

nm) was stable at pH 7.5-3.5, but below pH 3.5, there 
was a gradual shift of the absorption maximum to 400 
nm. This shift caused the Bilitec absorption reading to 
decrease by 2 5 % - 3 1% for a given concentration of BDT/ 
bile samples in an acid pH (< 3.5) compared with a more 
neutral pH. Therefore, subsequent patient measurements 
of bilirubin when associated with acid reflux may under- 
estimate the amount of DGER by up to 30%. 

Fasting Gastric Bile Acid Concentrations 

The patients with partial gastrectomy had a 
higher mean (+ SEM) overnight fasting concentration 
of gastric bile acids (1.00 + 0.22 mmol/L) than patients 
with Barrett’s esophagus (0.34 + 0.12 mmol/L) or 
GERD (0.28 ? 0.08 mmol/L) and control populations 
(0.02 + 0.02 mmol/L). Group mean comparisons showed 
significant differences between patients with gastrectomy 
and the other groups (P < 0.0001). Patients with Bar- 
rett’s esophagus and GERD had significantly (P < 
0.001) higher mean bile acid concentrations than con- 
trols, but there was no significant difference between 
these two reflux groups (Figure 1). 

Acid, Alkaline, and Bilirubin Reflux Values 

As shown in Figure 2, mean percent of total time 
pH was <4 and was significantly greater (P < 0.003) 
in patients with Barrett’s esophagus than in patients with 
GERD, in whom this value was significantly greater 
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Figure 1. Mean and individual overnight fasting gastric bile acid con- 
centrations (mmol/L) for the four groups of subjects. 

(P < 0.001) than in healthy controls. As expected, pa- 
tients with partial gastrectomy had similar mean values 
(1.8% + 0.8%) to controls (1.3% + 0.4%). The relation- 
ship across groups between mean percent of upright and 
supine acid-exposure times was similar to the percent of 
total acid-exposure time, except that percent of supine 
acid-exposure time was similar between patients with 
GERD and those with Barrett’s esophagus. 

Alkaline reflux, as assessed by mean percent of total 
time pH was >7, was similar in all four groups (Figure 
3). This relationship also existed for mean percent of 
upright alkaline-exposure time, but patients with Bar- 
rett’s esophagus had significantly more mean percent of 
supine time with pH > 7 than either patients with 
GERD or healthy subjects (P < 0.05). 

Paralleling the acid esophageal exposure times, the 
mean percent of total time bilirubin absorbance was 
~0.14, which was significantly greater (P < 0.001) in 
patients with Barrett’s esophagus than in patients with 
GERD, whose value was significantly greater (P < 
0.005) than that of control subjects (Figure 2). However, 
unlike acid reflux parameters, the amount of DGER was 
similar among the patients with Barrett’s esophagus 
(42.4% 2 5.4%) and with partial gastrectomy (30.0% 
? 6.1%). This relationship also was found for mean 
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Figure 2. Group means ? SE for (A) acid reflux (percent of total time 
pH was ~4) and (5) DGER (percent of time bilirubin absorbance was 
20.14) for the four study populations. Both acid reflux and DGER 
increased significantly with the severity of GERD with both values, 
being greatest in patients with Barrett’s esophagus. As expected, 
post-partial gastrectomy patients had small amounts of acid reflux, 
similar to healthy controls. On the other hand, the amount of DGER 
nearly approached the values found in patients with Barrett’s esopha- 
gus. 
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Rgure 3. Group means + SE for alkaline reflux (percent of total time 
pH was >7) for the four study populations. The quantity of alkaline 
reflux was similar across groups and not a distinguishing parameter. 

percent of upright bilirubin reflux. However, both Bar- 
rett’s esophagus and partial gastrectomy patients had 
significantly greater mean percents of supine bilirubin 
reflux than the patients with GERD and control subjects 
who were similar. 

In the three groups without surgery, linear regression 
analysis after logarithmic transformation of data found a 
strong correlation (Y = 0.78; P < 0.0001) between per- 
cent of total time pH was <4 and percent of total time 
bilirubin absorbance was 20.14. However, there was an 
extremely poor relationship (r = -0.06) between percent 
of total time pH was >7 and percent of total time 
bilirubin absorbance was ~0.14 (Figure 4). 

Variability of DGER 

Intrasubject variability of DGER was studied in 
eight subjects. As shown in Figure 5, the mean percent 
of total time bilirubin absorbance was 20.14 and was 
not significantly different between day 1 (20.2% +- 
7.2%) and day 2 (28.3% + 1 l%), separated by less than 
2 weeks. All but one patient showed <50% change 
across studies. The bilirubin reflux in one patient with 
GERD increased from 4.5% to 79.4%, associated with 
a similar marked increase in acid reflux from 4.9% to 
15.4%. 

Acid Suppression on Omeprazole 

Nine patients received omeprazole (20 mg twice 
daily) for 2 weeks, after which simultaneous pH and 

Bilitec studies were repeated. As shown in Figure 6, 
mean percent of total time pH was <4, and it decreased 
significantly (P < 0.001) from 13.8% ? 1.6% to 0.8% + 
0.6%; a parallel significant decrease (P < 0.001) in 
mean percent of total time bilirubin absorbance was 
~0.14 from 32.8% + 6.9% to 4.7% + 1.7%. Similarly, 
the mean percent change in pH and bilirubin parameters 
was 92.8% and 82.8%, respectively. This decrease in 
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Figure 4. Relationship between percent of time bilirubin absorbance 
was ~0.14 as a direct marker of DGER and esophageal pH (both 
percent of total time pH was >7 and pH was ~4) in the group of 
healthy controls and GERD and Barrett’s esophagus patients. Patients 
with partial gastrectomy were excluded from this analysis because 
most did not have acid reflux. Data presented as logarithmic transfor- 
mation of raw values to correct for deviation from normality. Linear 
regression analysis found a poor relationship between percent of time 
pH was >7 and bilirubin absorbance but a strong correlation between 
percent of time pH was <4 and bilirubin absorbance. 
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Day 1 Day 2 

Pigura 5. lntrasubject variability of DGER in eight subjects studied 
twice within 2 weeks. Study protocols were similar for both days. The 
mean percent of total time bilirubin absorbance was 20.14 and was 
not significantly different between the 2 days. 

both parameters after omeprazole therapy was found for 
all patients, regardless of pretreatment values. 

Discussion 
Barrett’s esophagus is an acquired condition re- 

sulting from long-standing chronic GERD. On func- 
tional assessment, patients with Barrett’s esophagus com- 
pared with patients with GERD without columnar 
mucosa have more end-stage esophageal disease charac- 
terized by lower LES pressures, more impaired peristalsis, 
and more frequent and prolonged episodes of acid retlux 
by pH monitoring.29-31 However, overlap between 
groups is great, suggesting that other factors may be 
important in the development of Barrett’s esophagus. 
Several groups have identified increased amounts of 
DGER, as defined by percent of time esophageal pH > 
7, in patients with Barrett’s esophagus, especially those 
with complications (i.e., stricture, ulcer or dysplasia).‘3-‘5 
By directly measuring DGER, we confirmed these indi- 
rect studies finding that patients with Barrett’s esopha- 
gus have nearly fourfold more DGER than patients with 
GERD (Figure 2). DGER was greatest at night for all 
patient groups, supporting the previously reported noc- 
turnal tendency of increased gastric bile acid concentra- 
tions. l&19,32,33 

By comparing our patients with Barrett’s esophagus and 
postpartial gastrectomy, we can study the importance of 
the various components of DGER. The degree of DGER 
was markedly increased in both groups but probably was 
higher in patients with Barrett’s esophagus because the 
Bilitec underestimates DGER in an acidic environment. 
On the other hand, fasting bile acid concentrations were 

significantly greater (P < 0.0002) in the patients with 
partial gastrectomy than in other groups (Figure 1). De- 
spite prolonged DGER with high bile acid concentra- 
tions for more than 20 years since surgery, the degree 
of esophageal mucosa injury was minimal. Only three 
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Pigore 6. Influence of marked acid suppression with omeprazole (20 
mg twice daily) on acid reflux and DGER in nine patients. Mean values 
for both parameters decreased significantly (P < 0.001) from baseline 
values by the end of 2 weeks of therapy. These changes were found 
for all patients, regardless of pretreatment values. 
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patients had esophagitis (one, grade II; two, grade III); 
surprisingly, all had concomitant abnormal amounts of 
acid reflux (percent of total time pH was <4; 7%- 
42%). In contrast, fasting bile acid concentrations were 
significantly lower in patients with Barrett’s esophagus 
and similar to values in patients with GERD, confirming 
most “-I9 but not a113* previous studies. The lower con- 
centrations of bile acids found in the patients with GERD 
and Barrett’s esophagus and the higher concentrations in 
patients with partial gastrectomy who did not develop 
mucosal injury argue against this being a major factor 
in the development of columnar epithelium. 

As shown in Figure 2, the increased quantity of esoph- 
ageal acid reflux appears to be the single factor most 
distinguishing patients with Barrett’s esophagus from 
other comparison groups. These patients had eightfold 
more acid reflux than controls and patients with partial 
gastrectomy and twofold more than patients with GERD, 
many of whom have esophagitis. This supports the major 
theme that marked prolonged reflux of acid and activated 
pepsin is the major culprit in the development of Bar- 
rett’s esophagus and other complications of GERD.2-5 
In this acidic environment, conjugated bile acids may 
have a supportive role but unconjugated bile acids and 
tryspin are inactivated or destroyed. This conclusion is 
bolstered by a recent study by Bremner et a1.35 who found 
the greatest prevalence of mucosal damage in patients 
with increased esophageal exposure to pH O-2, corre- 
sponding to the known pKa of pepsin. 

The incidence of adenocarcinoma of the esophagus is 
increasing for unknown reasons.36 Recent animal studies 
found that submucosal administration of carcinogens 
followed by prolonged esophagoduodenal reflux can 
promote the development of both squamous and ade- 
nocarcinomas of the esophagus.37*38 Therefore, some 
groups 13-15,37Y38 suggest that prolonged medical acid sup- 
pression, without repairing the mechanically defective 
LES, may encourage the development of Barrett’s esopha- 
gus and adenocarcinoma by perpetuating the reflux of 
damaging alkaline DG contents. However, our experi- 
ments with omeprazole suggest this is not the case. 
Rather, marked acid inhibition by omeprazole is paral- 
leled by marked suppression of DGER (Figure 6). Al- 
though not specifically studied, omeprazole’s inhibition 
of both gastric acid and volume secretion is the most 
likely mechanism. 39 Thus, despite a defective LES, less 
gastric volume regardless of the DG contents is available 
for esophageal reflux throughout the circadian cycle. 
These studies are further physiological support for the 
efficacy of long-term acid suppression for the treatment 
of GERD. 

Simultaneous measurements of esophageal pH and bil- 
irubin allow better definition of the relationship between 
DGER and pH >7 while permitting resolution of some 
controversies surrounding this area.‘3-15z21-23 We found 
across all groups that DGER had a poor correlation with 
percent of time esophageal pH was >7 (r = -0.06) but 
a strong association with percent of time pH was <4 
(v = 0.78). This confirms that alkaline duodenal contents 
intermittently reflux into the stomach and are acidified 
by mixing with the gastric contents, This combination 
of duodenal and gastric contents is then commonly avail- 
able for reflux into the esophagus. Therefore, alkaline 
reflux is a misnomer. Bile reflux is an alternative term 
but represents only some of the potentially damaging 
contents of duodenum. Instead, we believe DGER most 
correctly describes this physiological process. 

The measurement of DGER spectrophotometrically by 
the Bilitec system is an important advancement in this 
area. Day-to-day variability of bilirubin reflux (Figure 
5), as might be expected, was comparable with studies 
of acid reflux by pH monitoring.*’ For technical reasons, 
a liquid diet must be used but is only a minor inconve- 
nience that still allows accurate assessment of both acid 
reflux and DGER. Currently, this methodology underes- 
timates bilirubin measurements by approximately 30% 
when the pH of the solution is <3.5. Subsequent modi- 
fications need to address this issue. 

In conclusion, by using a new technique to measure 
bile reflux, we found that DGER increases with the sever- 
ity of GERD and was greatest in patients with Barrett’s 
esophagus. Simultaneous monitoring of esophageal pH 
and bilirubin shows a close association between the per- 
cent of time pH was <4 and DGER. On the other hand, 
the relationship with percent of time pH was >7 was 
poor, suggesting that alkaline reflux is a misnomer. 
DGER was similar in Barrett’s esophagus and patients 
with postpartial gastrectomy. Fasting bile acid concen- 
trations did not characterize patients with Barrett’s 
esophagus compared with patients with GERD. Rather, 
the greater quantities of acid reflux combined with acti- 
vated pepsin seem to be the major factor in the develop- 
ment of columnar epithelium.2-5z35 If bile acids have any 
role in the development of this abnormal mucosa, it 
occurs only in synergy with acid reflux. Fortunately, ag- 
gressive acid suppression with proton pump inhibitors 
and probably larger doses of H2 antagonists can dramati- 
cally decrease both acid reflux and DGER to a similar 
degree as antireflux surgery. Therefore, medical regimens 
inhibiting acid reflux and antireflux surgery appear to 
have more in common than previously thought. It is 
hoped that selected use of both therapies will eventually 
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show a decrease in the development of Barrett’s esopha- 
gus, prevention of columnar epithelium progression, and 
inhibition of the evolution of Barrett’s epithelium into 
adenocarcinoma. 
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