
Gut 1995; 37: 465-470

Alkaline gastro-oesophageal reflux: dual probe pH
monitoring

S Y Iftikhar, Sally Ledingham, D F Evans, S W Yusuf, R J C Steele, M Atkinson,
J D Hardcastle

Abstract
Although the aetiology of Barrett's oeso-
phagus or columnar line oesophagus
(CLO), remains unknown, bile reflux has
been implicated as a factor in its patho-
genesis. This study aimed to detect
alkaline reflux in gastro-oesophageal
reflux patients using dual probe pH moni-
toring. Thirty patients with histologically
diagnosed CLO, 15 age and sex matched
patients with oesophagitis (grade 1-3), and
15 healthy volunteers were studied
by dual probe, 18 hour pH monitoring
and analysis of the bile acid content of
oesophageal refluxate. Total acid exposure
and acid exposure in the upright and
supine postures were greater in CLO
subjects than in oesophagitis patients
and controls. Furthermore, the number
of reflux episodes lasting more than five
minutes and the duration of the longest
reflux episode were significantly greater in
the CLO subjects than the oesophagitis and
control subjects. Nine subjects with CLO
and oesophagitis, however, were not
identified as refluxers, although six had a

bile acid concentration in their oeso-

phageal aspirate higher than the 95th
centile value of the controls. There was no

correlation between the oesophageal pH
and the bile acid contents of refluxate. It
is concluded that dual probe pH monitor-
ing is not usefil in detecting alkaline
refluxers. pH monitoring, although the
only subjective test available to identify
acid refluxers, is not a sufficiently sensitive
test with which to define alkaline reflux.
(Gut 1995; 37: 465-470)
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The pathogenesis of Barrett's oesophagus or

columnar lined oesophagus (CLO) is still
unclear. It is unquestionably linked with gastro-
oesophageal reflux, but although patients with
CLO tend to have a greater degree of acid
exposure than those with reflux oesophagitis,
there does not seem to be any difference
between patients with complicated disease and
those with uncomplicated disease in this
respect.1 Interestingly, CLO patients are known
to have a greater concentration of bile acids
in their gastric contents2 and oesophageal
refluxate3 than patients with simple reflux
oesophagitis. Furthermore, CLO can develop
after total gastrectomy when no acid is present.4
It is therefore probable there are factors other

than acid in the pathological process associated
with gastro-oesophageal reflux.
Twenty four hour oesophageal pH monitor-

ing is now considered the 'gold standard' inves-
tigation for detecting gastro-oesophageal reflux.
It has the advantage of measuring the frequency
and duration of acid exposure to the oeso-
phageal mucosa,5 6 and it is the most sensitive
available method of determining objectively the
presence of gastro-oesophageal reflux.7 Despite
the widely accepted role of 24 hour pH moni-
toring, however, it is well known that some
patients with reflux symptoms may have nega-
tive pH studies.8 In addition, some patients with
severe reflux oesophagitis have little or no
demonstrable acid reflux,9 10 and asymptomatic
volunteers can occasionally have evidence of
extensive reflux on pH monitoring.11 This can
be explained by the fact that pH monitoring
may not identify subjects with alkaline reflux
because the pH of the refluxate in these patients
may lie within the normal range. The present
study was therefore designed to assess duo-
denogastric reflux and gastro-oesophageal
reflux simultaneously in patients with CLO and
reflux oesophagitis and in control subjects.

Subjects and methods
The subjects in this study comprised 30
patients with histologically proved CLO, 15
patients with oesophagitis (grades 1-3), and 15
healthy volunteer controls recruited from the
Nottingham University staff and student popu-
lation. All patients with CLO had circumferen-
tial columnar epithelial lining of the lower
oesophagus extending at least 5 cm from the
gastro-oesophageal junction, and the median
length of CLO was 7.5 cm (range 5-19 cm).
The sex ratio and age range of each group is
shown in Table I. Local ethical committee
approval was obtained and all subjects gave
informed consent in writing before the study
began.

BILE COLLECTION
In the week preceding the study all medication
that might have affected gastrointestinal

TABLE I The sex ratio and age range ofsubjects with
columnar lined oesophagus (CLO), oesophagitis, and controls

Mean (SD) Median Range
Men Women (y) (y) (y)

CLO (n=30) 15 15 62-5 (10-2) 65 35-78
Oesophagitis

(n=15) 10 5 59.5 (7.3) 61 30-79
Control

(n=15) 10 5 20-7 (1-3) 21 19-23
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TABLE II Oesophageal manometry results

Peak peristaltic pressure
Mean LOSP Upper oesophageal Middle oesophageal Lower oesophageal

Mean UOSP segmnent segmnent segment segment
Group Median (range) Median (range) Median (range) Median (range) Median (range)
Columnar line oesophagus 40 (15-72) 0 (0-15) 32 (16-64) 32 (20-64) 32 (16-64)

(n=30) NS p=0O004 NS NS p=0 04
Oesophagitis (n= 15) 40 (24-56) 7 (0-23) 40 (24-70) 40 (16-56) 40 (24-72)

NS p=0.0007 NS NS NS
Control group (n= 15) 40 (32-48) 12 (6-20) 46 (26-54) 48 (40-56) 44 (32-56)

UOSP=upper oesophageal sphincter pressure; LOSP=lower oesophageal sphincter pressure.

motility or secretion was stopped, and the
subjects fasted for 24 hours before the investi-
gation. On the day of the study the position of
the lower oesophageal sphincter (LOS) was
determined in each subject by manometry,
using the station pull through technique.'2
On the same afternoon oesophageal intuba-
tion was performed per nares with a 9 FG
paediatric replogle tube so that the end of the
tube was 5 cm above the LOS.'3 Bile was col-
lected from the oesophagus of all the subjects
using the technique described by Gotley et al. 14
Oesophageal secretion was collected by con-
tinuous aspiration at -40 mm Hg and was
stored as two hourly aliquots for analysis of bile
acid concentration by high performance liquid
chromatography as previously described.3
The study began at 4.00 pm after a rest

period of45-60 minutes to allow for the effects
of the intubation to subside. Any oesophageal
aspirate collected thus far was discarded. At
6.00 pm a high fat test meal was eaten and at
10.00 pm the subject retired to bed, being
allowed to sleep with their normal arrangement
of pillows. The subject was woken at approxi-
mately 7.00 am and from then on sat upright.
A high fat breakfast was eaten at 8.00 am and
the study ended at 10.00 am.

pH MONITORING
At the same time as oesophageal intubation,
two pH sensitive electrodes were passed per
nares and positioned so that one lay 5 cm
above the LOS, and the other in the stomach
5 cm below the LOS. The gastric pH electrode
was a glass combination type LOT 440M4
(Ingold, Switzerland) which has an integral
reference electrode. This model is 4 mm
diameter at its tip with a 3 mm glass electrode
and cable. The electrode's effective length is
95 cm with an inbuilt Ag-AgCl reference elec-
trode and a liquid junction at 2 cm from its
tip. The electrolyte, Friscolyte, is supplied
from the inside of the 95 cm long plastic cable.
The oesophageal pH electrode was a 1.5 mm
diameter non-combination miniature glass
electrode, MI 5 (Ingold, Switzerland) with a
rigid portion of 20 mm and total length of
1.5 m. In this study a two channel pH data
recorder (Proxima Electronics, Italy) was
used. 15 The recorder features variable pH
sampling times, automatic detection of the
subject's postures, and subject response keys
which can be programmed specifically to
record particular events (for example, pain
symptoms) that occur during the monitoring
period.

pH electrodes were prepared by soaking
overnight in pH 9 buffer and calibrating in
buffers at pH 9 and pH 4. The pH sampling
rate was set to six seconds and recording time
to 18 hours. During the study subjects were
asked to record symptoms and meal times. No
drinks, other than water, were allowed. The
pH meter was kept vertical when the subject
was upright and horizontal during the supine
period to allow automatic recording of posture.

ANALYSIS OF pH DATA
The data stored after each study were trans-
ferred from the pH recorder on to computer
disc using the Proxima Light pH meter analysis
program. The percentage of time spent the pH
was below 4, the number of reflux episodes,
reflux episodes lasting more than five minutes,
and longest reflux episode were analysed
for upright, horizontal, and total monitoring
periods and these were compared between
groups. In addition, DeMeester's composite
reflux score16 which takes into account six
variables (percentage acid exposure for the
upright, supine, and total study period along
with the number of reflux episodes, those last-
ing more than five minutes or more, and the
single longest reflux episode) was calculated
for each subject and the groups were
compared.

Using the Event Computing Function avail-
able on the analysis program, the mean (SD) of
gastric and oesophageal pH were determined
in CLO, control subjects, and oesophagitis
patients for each study period, preprandial,
postprandial period, total upright, and total
horizontal study periods.

STATISTICAL ANALYSIS
Because of the variable distribution of the data,
a non-parametric test, the Mann-Whitney U
test was used. All the analysis for p values were
two tailed and corrected for ties. Correlation
analysis was performed using Pearson's rank
correlation test.

Results

PRESSURE STUDIES
The mean lower oesophageal sphincter pres-
sure in the CLO group (median 0, range
0-15 cm of H20) was significantly lower than
that in the oesophagitis (median 7, range 0-23
cm of H20) or control groups (median 12,
range 6-20 cm H20) and the oesophagitis
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TABLE III pH Monitoring results in the 18 hour study period

Total time Total no of No of reflux episodes Largest reflux
% pH<4 reflux episodes lasting >5 min episode (min) Reflux score
Median (range) Median (range) Median (range) Median (range) Median (range)

Columnar lined oesophagus
(CLO) (n=30) 11 (0-74) 27 (5-344) 5 (0-41) 25 (0-402 70 (1-396)

Oesophagitis (OES) (n=15) 6 (1-29) 26 (5-164) 3 (0-14) 20 (1-332) 36 (4-179)
Control (n= 15) 1 (0-94) 7 (0-58) 0 (0-15) 2 (0-150) 3 (0-393)

CLO v OES CLO v OES CLO v OES CLO vOES CLO vOES
p=0-03 NS NS NS p=0-06 NS

CLO v Control CLO v Control CLO v Control CLO v Control CLO v Control
p=0-0002 p=0.0003 p=00001 p=0 0008 p=0-0002

OES v Control OES v Control OES v Control OES v Control OES v Control
p=0-007 p=0.003 p=0009 p=0 008 p=0 001

patients had significantly lower LOS pressures

than the controls (Table II). There were no

statistically significant differences in the upper
oesophageal sphincter pressures between the
three groups. Similarly, no differences were

observed between the peak peristaltic pressures
of upper and mid oesophageal segments of the
CLO, oesophagitis, and control subjects. The
peak peristaltic pressure of the columnar lined
oesophageal segment of the CLO group

(median 32, range 16-64 cm H20) was

significantly lower, however, than that seen in
the oesophagitis group (median 40, range
15-56 cm H20) and the control group
(median 44, range 32-56 cm H20) (Table II).
No difference was found in the peak peristaltic
pressure of the lower oesophageal segment in
oesophagitis group when compared with that
in control group.

OESOPHAGEAL pH MONITORING RESULTS
The total percentage time the pH was less than
4 (median 1 1%, range 0-74) was significantly
higher in CLO patients than in oesophagitis
patients (median 6%, range 1-29) and controls
(median 1%, range 0-94) (Table III). There
was no significant difference found in the total
number of reflux episodes over the total
monitoring period when CLO patients were

compared with oesophagitis patients. Both
CLO (median 27, range 5-344) and oeso-

phagitis (median 26, range 5-164) groups,
however, had significantly higher numbers of
reflux episodes than the control group (median
7, range 0-58) (Table III).
When the numbers of reflux episodes lasting

more than five minutes were compared in the
three groups, the CLO (median 5, range 0-41)
and oesophagitis (median 3, range 0-14)
groups were again comparable but both had a

significantly higher number of these episodes
than the control group (median 0, range 0-15)
(Table III). The duration of the longest reflux

episode was also similar in the CLO (median
25 minutes, range 0-402) and oesophagitis
groups (median 20 minutes, range 1-332) but
both had significantly longer episodes when
compared with the control subjects (median
2.0 minutes, range 0-150) (Table III).
DeMeester's reflux score in the CLO group

(median 700, range 1-396) was significantly
higher than that in the oesophagitis group

(median 36.0, range 4-179) and the control
group (median 3.0, range 0-393). Further-
more, oesophagitis patients had a significantly
higher reflux score than the control group)
(Table III).
The total percentage of time pH >7 was

comparable between the CLO (median 4-8,
range 0-1 66) and oesophagitis group (median
2.8, range 0-1 1*5).

OESOPHAGEAL pH PROFILE IN VERTICAL AND
HORIZONTAL POSTURES
In the vertical posture, the total percentage
time the pH was less than 4, the number of
reflux episodes, the number of reflux episodes
lasting more than 5 minutes, and the duration
of the longest reflux episode were comparable
between CLO and oesophagitis groups. They
were, however, all significantly greater when
compared with controls for both the CLO and
oesophagitis groups (Table IV). Furthermore,
no differences were observed in the percentage
of time the pH was >7 in the upright posture
between the CLO (median 9-2, 0-34-2) and
oesophagitis groups (median 6.7, range
0-23.8). Similarly, no difference was observed
in the supine posture between CLO (median 0,
range 0-7 4) and oesophagitis patients
(median 0, range 0-3 78).

In the horizontal posture, the percentage of
time that the pH was <4 in the CLO group
(median 15.5%, range 0-98) was significantly
greater than that in the oesophagitis (median
2.0%, range 0-35) and control groups (median

TABLE IV pH Monitoring results in the upright posture

Total time Total no of No of reflux episodes Largest reflux
% pH<4 reflux episodes lasting >5 min episode (min)
Median (range) Median (range) Median (range) Median (range

Columnar line oesophagus (CLO)
(n=30) 135 (0-72) 17 (2-113) 3 (0-18) 14-5 (0-275)

Oesophagitis (OES) (n=15) 4 (1-22) 21 (2-83) 1 (0-9) 15 (1-332)
Control (n=15) 1 (0-87) 5 (0-37) 0 (0-6) 2 (0-95)

CLO v OES CLO v OES CLO v OES CLO v OES
NS NS NS NS

CLO v Control CLO v Control CLO v Control CLO v Control
p=0-001 p=00005 p=0.0003 p=0-001

OES v Control OES v Control OES v Control OES v Control
p=0007 p=0.002 p=0-01 p=0.007
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TABLE V pH Monitoring results in the supine posture

Total time Total no of No of reflux episodes Largest reflux
% pH<4 reflux episodes lasting >5 min episode (min)
Median (range) Median (range) Median (range) Median (range

Columnar lined oesophagus (CLO)
(n=30) 15-5 (0-98) 7 (0-231) 2 (0-23) 20-5 (0-402)

Oesophagitis (OES) (n= 15) 2 (0-35) 5 (0-121) 0 (0-9) 1 (0-151)
Control (n= 15) 0 (0-99) 1 (0-32) 0 (0-9) 2 (0-150)

CLO v OES CLO v OES CLO v OES CLO v OES
p=002 NS p=0-05 p=0-02

CLO v Control CLO v Control CLO v Control CLO v Control
p=0-0006 p=0-001 p=0.005 p=0-007

OES v Control OES v Control OES v Control OES v Control
NS p=0 05 NS NS

0%/a, range 0-99) (Table V). The number of
reflux episodes were comparable in the CLO
(median 7, range 0-231) and oesophagitis
(median 5, range 0-121) groups but both had a
significantly larger number of reflux episodes
than the controls (median 1.0, range 0-32)
(Table V). Both the number of reflux episodes
lasting more than five minutes and the duration
of the longest reflux episode, however, were
greater in CLO patients (median 2-0 and 20.5)
than in the oesophagitis subjects (median and
1 0) and controls (median 0 and 2.0). No such
difference was observed between oesophagitis
and control subjects (Table V). Furthermore
the percentage of time the pH was >7 was
comparable in the CLO (median 0, range
0-7 4) and oesophagitis groups (median 0,
range 0-3.8), and they were both comparable
with the controls (median 0, range 0-2 3).

PREPRANDIAL AND POSTPRANDIAL
OESOPHAGEAL pH
There were no significant differences in
the preprandial oesophageal pH of CLO
(median pH 6-5, range 3-7-8&3), oesophagi--
tis (median pH 6.4, range 5-5-8.2), and con-
trol (median pH 6.2, range 477-79) groups.
Significant differences were found, however,
between the CLO group (median pH 6 1, range
2-9-8 1) and controls (median pH 5.9, range
4-7-8.3) (p=-001) and the oesophagitis group
(median pH 6-6, range 2.9-8.1) and controls
(p=0 05) in the postprandial study period.

GASTRIC pH RESULTS

Gastric pH in 18 hour study period
There was no difference in the pH profile of
the CLO, oesophagitis, and control groups in
the 18 hour study period. Similarly, the
preprandial gastric pH was comparable in the
CLO, oesophagitis, and control subjects. In
the postprandial study period, CLO patients
(median 2.8) were comparable with the

TABLE VI Gastric pH monitoring results

pH in 18 h pH in upright pH in supine
study period posture posture
Median (range) Median (range) Median (range)

Columnar lined oesophagus 2.03 (0.7-6.4) 2-4 (0.8-9.1) 1.6 (0.5-6.4) NS
(CLO) (n=30)

Oesophagitis (n= 15) 2.2 (1-3-4.1) 3 (1-6-6-0) 1.7 (1.4-4-1) NS
Control (n=15) 2.3 (1.4-5.5) 34 (1-5-6-0) 2-1 (1.3-5.6)

CLO v Control
p=0.05

controls (median 3.2) but had a significantly
lower gastric pH than the oesophagitis subjects
(median 4.2) (Table VI).

Gastric pH in the upright and supine study
periods
There was no significant difference in the
gastric pH of CLO, oesophagitis, and control
groups in the upright posture. In the supine
posture, however, the mean gastric pH of the
CLO group (median 1.6) was significantly
lower than that of the oesophagitis group
(median 2. 1), but comparable with that of
controls (median 1.7) (Table VI).

CORRELATION BETWEEN OESOPHAGEAL pH AND
OESOPHAGEAL BILE ACID CONCENTRATION
The total bile acid concentration in CLO
group (median 1351 ,uM/l, range 0-14011
puM/l) was comparable with that of the
oesophagitis group (median 817 jiwM/l, range
123-5721 pKM/l) but significantly higher than
that in controls (median 465 pIM/l, range
20-2300 ,uM/l). Fifteen patients with CLO
and three patients with oesophagitis had
oesophageal bile acid concentrations higher
than the 95th centile value of controls (1105
,u Mll). There was no significant correlation
between the median gastric pH of each study
period and the bile acid concentrations found
in the oesophageal aspirate samples (Pearson's
correlation coefficient=-0 1) (Fig 1). Simi-
larly, no correlation was found between the
bile acid concentrations and the median
oesophageal pH of each study period (Fig 2).
Furthermore, there was no significant dif-
ference in the total bile acid concentration
between complicated (median 1275 ,uM/1
range 0-5745 ,uM/l) and uncomplicated CLO
(median 1340 ,uMJl range 0-14011.5 FM/l).

SENSITIVITY OF OESOPHAGEAL pH MONITORING
The 95th centile value of the total percentage
of time the pH was <4 in control subjects was
3%, which was considered to be the cut off
point for acid refluxers in the two patient
populations. Five subjects in the CLO group
and four subjects in the oesophagitis group had
overall values below the 95 centile value of
controls. Therefore, the overall sensitivities of
this measure for the CLO and oesophagitis
group were 83.3% and 73.3%. Four subjects
in CLO group and four in oesophagitis group
had values less than 95th centile value for the
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7.5 - pressures than the normal controls. In addi-
tion, the finding of significantly reduced peak

a peristaltic pressures in the lower oesophageal
6.0 - segment of the patients with CLO was

* | reproduced.
*0%- * * Although it has been argued that motility

4.5 - disorders may be a result of oesophagitis,18 it is
*0 equally possible that they may contribute to
* the severity of the reflux either as a primary or

3.0 0. * secondary phenomenon. In any event, it is well
0 j established that CLO is associated with severe

acid reflux as measured by 24 hour pH
15_s e * monitoring.1 In the present study, using an 18

0 hour ph monitoring period, both CLO and
oesophagitis subjects had higher numbers of

0.0 reflux episodes than normal healthy volun-
0 4000 8000 12 000 16000 20 000 teers, but the CLO subjects had comparable

Total bile acid (gM/1) numbers of reflux episodes to the oesophagitis
,ure 1: Correlation between the median gastric pH and patients.
zl bile acid concentration in the oesophageal aspirate of CLO patients, however, had more pro-
imnar line oesophagus and oesophagitis patients and *

a!trols. (Pearson's rank correlation coefficient-0.1, NS.) longed acid exposure and higher reflux scores
compared with oesophagitis patients. This
finding lends support to Iascone et al19 who

mposite DeMeester score (score <18) in have suggested that CLO is an end stage of
control population. Therefore, the over- reflux oesophagitis, and is in concordance with
sensitivities of pH monitoring for the Gillen et all who also showed longer acid

mposite score in the CLO and oesophagitis exposure in CLO patients.
ups were 86.6% and 73.3%. Six of the nine It is of interest that the CLO subjects
tients who were identified as non-refluxers showed a greater percentage time of when the
pH monitoring had oesophageal bile acid pH was <4 in the total study period, but only
ncentrations higher than the 95th centile in the supine study period were the number of
[ue of the controls. The other three also had reflux episodes lasting >5 minutes and the
e present in their oesophageal aspirates, longest reflux episodes greater than these
t in concentrations similar to those of the found in the oesophagitis group. This finding
ntrols. highlights the fact that CLO subjects seem to

have a poor capacity for emptying the oeso-
phagus, especially in the supine posture, and

Lscussion is in keeping with our finding of reduced
his study it was necessary to perform peristaltic pressure in the lower oesophageal
sophageal manometry in all the subjects in segment.
ler to allow accurate placement of the pH Gastric pH monitoring was performed in
ctrode and replogle tube above the LOS. order to correlate it with non-acid reflux, and
lis provided an opportunity to confirm the the pH probe was positioned 5 cm below the
dings of our previous study,17 and, indeed, LOS in order to determine pH in the proximal
CLO patients were again found to have stomach. This was done to try to obtain a true

nificantly lower LOS pressures than the index of alkaline reflux, as duodenogastric
sophagitis patients, who in turn had lower reflux is not necessarily transmitted to the

fundus.20 Furthermore, in a recent study
7.5 Attwood et al showed a relationship between

oesophageal and gastric alkalinisation in a
significant proportions of patients with CLO.21

60 Alkalinisation of the proximal stomach for asignificant length of time was not evident in
* t t * our study. Indeed, the median gastric pH in

* ww the CLO patients remained significantly lower
4.5 than that of the oesophagitis and control

00 * *groups in the postprandial period and in the
supine position. In addition, the percentage

3.0 time the pH was >5 in the upper stomach was
comparable in the CLO, oesophagitis and
control groups. These findings suggest that

15- gastric pH monitoring is not a true index of
alkaline reflux, as both CLO and oesophagitis
patients had significantly higher concentra-

0.0 1o 1 tions of bile acid in their oesophageal aspirate
0 4000 8000 12 000 16000 20 000 than the controls. Thus, even when the pH

Total bile acid (jiM/1) below the cardia is >5, oesophageal pH
ure 2: Correlation between the median oesophagealpH changes must be interpreted with care; other
I bile acid concentration in columnar lined oesophagus
loesophagitis patients and controls. (Pearson's rank workers have shown that some fundic pH
relation coefficient= 0I1, NS.) changes are not related to duodenogastric
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reflux as they are not preceded by antral
alkalinisation. 13

In the present study oesophageal alkalinisa-
tion (pH >7) was found more in the upright
posture, but the percentage of time the
oesophageal pH was >7 was comparable in all
groups studied. This is indicative of increased
saliva production during the day, and this
finding is consistent with those of Singh et al.22
Furthermore, it suggests that there does not
have to be true monitorable alkalinisation for
alkaline gastro-oesophageal reflux.

Altogether, nine patients with CLO and
oesophagitis could not be identified as
refluxers using the total percentage of time the
pH was <4 as an index. Furthermore, eight
patients in the CLO and oesophagitis group
had a composite score less than 95th centile
value of the controls. Six of these patients were
identified as bile refluxers, and it is likely that
in these patients in the reflux was masked by its
alkaline nature.

Zaninetto et al 13 showed that CLO patients
had shorter periods of gastric alkalinisation
than normal subjects and oesophagitis patients
when gastric and oesophageal pH were
monitored simultaneously. This and other
evidence23 questions whether gastric alkaline
pH is a true indicator of the level of bile reflux
in the stomach, which is probably more
important than simply identifying its occur-
rence. Certainly in the present study there was
no correlation between gastric or oesophageal
pH, and the oesophageal aspirate concentra-
tion of bile acid in the nine study periods.
Significant gastro-oesophageal bile reflux can
mask acid reflux and yet not be detected as
alkaline reflux by the oesophageal pH probe. It
therefore seems that gastric pH measurements
do not add any useful information over and
above oesophageal pH, and oesophageal pH
monitoring cannot attain 1 00% sensitivity
because of its inability to identify alkaline
refluxers.
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