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Manometric evaluation of the interdigestive
antroduodenal motility in subjects with fasting bile
reflux, with and without antral gastritis
P A TESTONI, L FANTI, F BAGNOLO, S PASSARETTI, M GUSLANDI,
E MASCI, AND A TITTOBELLO
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SUMMARY The interdigestive antroduodenal motor activity was studied in 15 patients with bile
reflux without gastritis (group A), 17 with bile reflux and chronic antral superficial gastritis (group
B) and in nine healthy controls (group C), by manometric recording of phases of the interdigestive
motility complex (IDMC) over 240 minutes, or until two consecutive migrating motor complexes
(MMCs) had been recorded, whichever the shorter. In the patients with bile reflux the occurrence of
MMCs was decreased and median duration of the IDMC was significantly prolonged (group
A=162.5 min; group B=185-0 min), compared with controls (group C=92.0 min; p<0 01 v groups
A and B). There were no differences in motility pattern between patients with and without gastritis,
suggesting that motor abnormalities are not caused by gastritis, but may precede its occurrence.

Delayed occurrence of motor activity fronts increases duodenogastric reflux, but correlation with
gastric mucosal lesions was not shown, suggesting that other mechanisms are involved.

The role of antroduodenal motility in the genesis
of duodenogastric reflux'-7 and chronic antral
gastritis`" is widely accepted, but few data are
available at present on the possible motor abnormali-
ties related to this phenomenon.
A recent study'2 postulated a significant correlation

in the fasting state between duodenogastric reflux
and abnormalities of the interdigestive motility
complex (IDMC), mainly characterised by a reduced
incidence of migrating motor complexes (MMCs).

This study was carried out, however, in subjects
without evidence of gastric mucosal damage.

While the motility disturbances of the antroduo-
denal region seem to play a prominent role in
duodenogastric reflux, it is still debated if these
abnormalities, or factors, such as the qualitative
composition of bile salts in the refluxed material or
the mucosal resistance, are primarily involved in the
genesis of chronic antral gastritis.'"'7 There is, in fact,
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evidence that a high amount of bile reflux may not be
associated with gastric mucosal lesions.'8

In order to evaluate the possible type and severity
of abnormalities of the IDMC leading to chronic
antral gastritis in the presence of duodenogastric
reflux, we have studied and compared the inter-
digestive motility pattern of the antroduodenal
region in subjects with proven duodenogastric reflux,
with and without gastritis.

Methods

PATIENTS
Three groups of subjects were admitted to the study.
The first group (group A) included 15 patients aged
between 22 and 55 years (mean age, 40.5), eight men
and seven women, with proven duodenogastric reflux
and without endoscopic and histological evidence of
gastric mucosal damage. Bile reflux, documented by
the presence of a large amount of bile in the gastric
fundus and of bile staining the gastric walls in the
fasting state during endoscopic examination,'9 was
confirmed and quantified by measuring bile salt
concentrations in fasting aspirates. Twelve subjects
complained of chronic dyspeptic symptoms, whereas
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three were asymptomatic; in these three cases the
presence of duodenogastric reflux had been found by
chance during endoscopic investigation of the upper

digestive tract. In the second group (group B) 17
subjects were studied. They were aged between 23
and 51 years (mean age, 41.9), 10 men and seven
women, with proven duodenogastric reflux according
to the above mentioned methods and with endo-
scopic and histological features of chronic antral
superficial gastritis. All the patients in group B
complained of chronic dyspeptic symptoms.
As a control group, nine healthy subjects without

evidence of duodenogastric reflux, gastric mucosal
damage and dyspeptic complaints were investigated
(group C). The controls were matched for age (23-48
years; mean age, 40.2) and sex (five men and four
women).

Control subjects and the three asymptomatic
patients of group A underwent endoscopic examina-
tion in order to exclude gastric precancerous lesions
during a mass screening. Biopsies and other investi-
gational tests were performed after all the subjects
admitted to the study had given their informed
consent.

All the patients and controls underwent endo-
scopic examination with multiple biopsies (four in the
antrum, four in the corpus) of gastric mucosa.
The diagnosis of chronic superficial gastritis was

formulated according to Glass and Pitchumoni's
histological criteria,20 while endoscopic features of
gastritis consisted of hyperaemia, erosions and
mucosal fragility.
To avoid other causes of dyspepsia, other disorders

of the upper gastrointestinal tract, gall bladder and
pancreas were excluded by means of endoscopy,
ultrasonography, abdominal pain x-ray film and
laboratory tests for liver and pancreas. Subjects aged
over 60 years and patients with a history of previous
gastrointestinal surgery, alcoholism, diabetes,
collagenous diseases and chronic liver diseases with
portal hypertension were also excluded from the
study, because of the possible influence of these
conditions on the motility of the digestive tract.

ASSESSMENT OF DUODENOGASTRIC BILE

REFLUX

Some days after the endoscopic examination a naso-

gastric tube was positioned in the stomach of all the
subjects under fluoroscopic control. Gastric juice was

aspirated, in the fasting condition, for 60 minutes
after the gastric residuum had been discarded.2122
Total bile acid concentration was determined by
means of the enzymatic method of Talalay,23 and the
values obtained were multiplied by the volume
aspirated over 60 minutes (divided in 15 minute
periods), to calculate the amount of the reflux. Only

patients with a 'bile reflux' of more than 120 Fmolh
were admitted to the study (group A: median=337
iimollh, range, 123-502 Fmol/h; group B: median=
301 [imoVh, range, 129-849 iimol/h; not significant
difference between the two groups). This arbitrary
cut-off value has been selected because, as reported
by Hoare et a12' and Dewar and Johnston,22 it could
distinguish between controls and patients with
symptomatic reflux gastritis and therefore it may be
considered as a reliable index of pathologic duo-
denogastric bile reflux. Moreover, although such a
value was obtained from studies of postoperative
stomachs, in our series of patients without previous
gastric surgery a total bile acid concentration higher
than 120 iimol/h was found in 80% of cases with
endoscopic evidence of bile reflux (bile in the gastric
fundus and bile staining the gastric walls), as already
observed also in our previous studies. 12 13

In all the subjects of the control group, bile acid
concentrations so low as to be unmeasurable were
obtained.

RECORDING OF ANTRODUODENAL MOTOR
ACTIVITY
The motor activity of the antroduodenal region was
investigated by manometric recording of the phases
of the IDMC. After an overnight fast, a five lumen
PVC probe (external diameter, 0O5 cm) with five side
holes 5 cm apart and surface radiopaque markers
located in the middle between the third and the
fourth hole was positioned under fluoroscopic
control in the proximal part of the duodenum, by
locating the radiopaque markers across the pyloric
junction. The three upper recording holes were
placed in the distal stomach and the two distal holes
in the proximal duodenum. The probe position was
also verified fluoroscopically at the end of the study.
The recording catheters were perfused with distilled
water (1.2 ml/min), using a pneumohydraulic low
compliance pump, and were connected by five
Statham P23 ID transducers to a six channel
polygraph (OTE Biomedica).

Recording of the interdigestive motor activity was
performed over 240 minutes, as suggested by other
authors,22425 or until two consecutive activity fronts
(phase 3 of the IDMC) had been recorded. Drugs
affecting gastrointestinal motility were withdrawn at
least 48 h before the study. The following determi-
nants of the interdigestive motility complex were
evaluated: frequency and site of onset of migrating
motor complexes (MMCs); mean duration of the
entire cycle of IDMCs; mean duration and percent-
age of time recorded occupied by the single phases of
the IDMC.

Statistical analysis of the data was carried out by
Fisher's exact test, and Mann-Whitney U test.
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Results

GROUP A (15 CASES): SUBJECTS WITH

DUODENOGASTRIC BILIARY REFLUX, WITHOUT

EVIDENCE OF GASTRITIS
The median duration of the recording period was 240
minutes (range, 180-240 minutes). In this group only
four of the 15 cases investigated (26.7%) showed two
consecutive MMCs during the recording period; in
nine subjects (60%) only one activity front was

recorded, whereas in two cases (13.3%) no MMC
was observed during the recording period prolonged
to 240 minutes.
Over a total recording period of 3301 minutes, 17

MMCs were noticed, nine starting in the antrum and
eight in the duodenum. In the four cases who showed
two consecutive MMCs the median duration of the
entire interdigestive motor cycle was 162-5 minutes
(range, 159-169 minutes). Phase 1 occupied 46.2% of
the IDMC (range, 44.4-47.5%); phase 2, 46-4%
(range, 41-7-50.0%); and phase 3, 7.4% (range, 4-6-
11.1%).
No correlation was found in this group between the

occurrence and the severity of dyspeptic symptoms
and the motility pattern.

GROUP B (17 CASES): SUBJECTS WITH

DUODENOGASTRIC BILIARY REFLUX WITH

EVIDENCE OF CHRONIC SUPERFICIAL GASTRITIS

The median duration of the recording period in this
group was 240 minutes (range, 180-240 minutes). In
seven of the 17 cases investigated (41.2%), two
consecutive MMCs were observed during the record-
ing period; in eight subjects (47%) only one activity
front was recorded, whereas in two cases (11.8%) no
MMC was noticed.
During a total recording period of 3607 minutes, 22

MMCs were observed, 15 starting in the antrum and
seven in the duodenum. In the seven cases with two
consecutive MMCs, the median duration of the
IDMC was 185.0 minutes (range, 71-215 minutes).

Phase 1 occupied 45-1% of the IDMC (range, 38-0-
58.3%); phase 2, 49.3% (range, 34.5-57.2%); and
phase 3, 5.6% (range, 3-1-10.7%).

GROUP C (NINE CASES): CONTROL SUBJECTS,
WITHOUT EVIDENCE OF DUODENOGASTRIC

BILIARY REFLUX AND GASTRIC MUCOSAL

DAMAGE
The median duration of the recording period in this
control group was 180 minutes (range, 86-240
minutes). All but one subject (eight cases=88.9%)
showed regular IDMC; in the remaining case only
one MMC was observed in 240 minutes.
Over a recording period of 1514 minutes, 17

MMCs were noticed, 13 starting in the antrum and
four in the duodenum. In the eight subjects who
showed two consecutive MMCs, the median duration
of the IDMC was 92.0 minutes (range 67-112
minutes). Phase 1 occupied 46-5% of the IDMC
(range, 27-9-74.4%); phase 2, 47-2 (range, 11 -6-
67.9%); and phase 3, 6-3% (range, 2-7-8-3%).
A considerable reduction in the frequency of phase

3 of the IDMC and in the occurrence of two
consecutive MMCs was observed in subjects with
duodenogastric bile reflux (groups A and B), in
comparison with controls (group C). In fact the
number of subjects showing only one MMC or

complete absence of activity fronts appeared signific-
antly higher in groups A and B than in the control
group (group A v group C, p<0.005; group B v group

C, p<0-025; Fisher's exact test), whereas no differ-
ences were found between groups A and B (Table 1).
Likewise, no correlation was detected in groups A
and B between intragastric bile acid concentration
and antro duodenal motility disorders.
Moreover, no important differences were detected

between the three groups as to the site of onset of
MMCs and the percentage of time occupied by each
phase of the IDMC (Fisher's exact test) (Table 1 and
2).
The median duration of the IDMC appeared to be

Table 1 Percentage oftime recorded occupied by the single phases ofthe IDMCand number ofMMC recorded in subjects of
the three groups

Phase 1 Phase 2 Phase 3 Subjects in whom
were recorded

Time Time Time
Subjects Recording recorded Range recorded Range recorded Range I or no

Groups (n) period* (min) (%) (%) (%) (%) (%) (%) 2 MMCs MMC

A 15 240(180-240) 46-2 444-47.5 46-4 41-7-50-0 7 4 46-11.1 4t lit
B 17 240(180-240) 45-1 380-583 493 34-5-57-2 56 3-1-10-7 7t lot
C 9 180(86-240) 46-5 27-9-74-4 47.2 11*6-67.9 6 3 2-7-83 8 1

A=subjects with duodenogastric biliary reflux, without gastritis; B=subjects with duodenogastric biliary reflux, with evidence of chronic
superficial gastritis; C=control subjects. *median and range; tp<0 005 in comparison with control group, not significant if compared with
group B; tp<0025 in comparison with control group.
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Table 2 Number ofMMCs observed during overall period
of recording and site ofonset

Overall Site ofonset ofMMCs
recording MMCs

Grouips period (min) recorded Stomach Duiodenuim

A 3301 17 9 52-9% 8 47-1%
B 3607 22 15 68 2% 7 31-8%
C 1514 17 13 76-5% 4 23-5%

Group A =subjects with duodenogastric bile reflux, without
gastritis; Group B=subjects with duodenogastric bile reflux, with
evidence of chronic superficial gastritis; Group C=control subjects.

significantly increased (p<001) in subjects of group
A and in subjects of group B, compared with controls
(Figure), while no differences were observed
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Figure Median duration ofthe interdigestive motility
complex (IDMC) in minutes, in subjects with two

consecutive MMCs. Group A =subjects with duodenogastric
bile reflux, without gastritis; group B=subjects witlh
duodenogastric bile reflux, with evidence ofchronic
supetficial gastritis; group C= control subjects. Vertical bars
represent the range of variability. *p<O0Ol in comparison
with control subjects; NS ifcompared with group B;
**p<O-0I in comparison with control subjects.

between the two groups of subjects with biliary reflux
(group A v group B). Because of the small number of
available data, which did not show a normal distribu-
tion, non-parametric statistics - that is, Mann-
Whitney U test - were used in this evaluation.

Discussion

Among the factors involved in the genesis of chronic
antral gastritis, the antroduodenal motility, the
damaging activity of the refluxed material and the
gastric mucosal defences are generally believed to
play a primary role, either as single, or as associated
factors.
There is evidence that antroduodenal motor dis-

orders are related on the one hand to an increased
duodenogastric bile reflux,'2 and on the other hand to
a reduced clearing capacity of the antral region,626
with prolonged contact in the fasting state between
the refluxed duodenal content and the gastric
mucosa . -10 27

In particular, it has been observed that phase 3
(migrating motor complex) of the interdigestive
motility complex is able to prevent duodenogastric
reflux and to clear the antral region in the fasting state
of refluxed material.26 These two mechanisms are in
fact able to significantly reduce the intragastric
volume of refluxed bile, that is highest during late
phase 2 and lowest in phase 3. A prolonged duration
of phase 2 may therefore be postulated in the
presence of abnormal bile reflux.

In this regard, however, conflicting data are
reported about the correlation between motor
abnormalities and antral gastritis; a decreased motor
activity, with delayed occurrence ofMMCs, has been
demonstrated only to be associated with abnormal
duodenogastric reflux.

Moreover, whether motility disorders are a cause
or a consequence of antral gastritis is still debated and
needs further investigation.

It has also been reported'3 that the relative increase
in the concentration of deoxycholic acid and its tauro-
conjugates in the refluxed bile may be a factor leading
to the onset and persistence of mucosal lesions,
independently of motor abnormalities, and this has
been associated with chronic superficial gastritis and
with chronic atrophic gastritis. In the same study,'3
the composition of mucus (as assessed by means of
the Mucoprotective Index) was found within normal
values in cases of chronic superficial gastritis, and in
presence of duodenogastric bile reflux with normal
gastric mucosa, as observed in healthy controls.
Therefore, it seems that mucus composition is not
primarily involved in the pathogenesis of chronic
superficial gastritis.
On the basis of these previous observations, it may

u a
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be expected that, in presence of biliary reflux,
evidence of chronic superficial gastritis should be
associated with more severe abnormalities of the
IDMC (prolongation of the entire IDMC and of
phase 2, and/or alterations of the site of onset of
MMCs), in comparison with refluxers without
gastritis and controls.

In fact, in our study, a significant increase in the
duration of the interdigestive motility complex
(IDMC) with subsequent reduction of the frequency
of MMCs during the recording period of240 minutes,
has been observed in all patients with duodenogastric
reflux, in comparison with controls, regardless of the
presence or absence of gastritis.
On the other hand, no difference has been

observed among the two groups of refluxers with and
without gastritis, suggesting that other factors may be
involved in the genesis of chronic mucosal inflamma-
tion, in addition to motility disorders of the antro-
duodenal region. In this regard, in our study no
correlation was found in groups A and B between
intragastric bile acid concentration and severity of
antroduodenal motor abnormalities, even though,
because of the small number of cases included,
further investigation would be required to draw
definitive conclusions. Finally, no difference has
been observed in the three groups regarding the
duration of the phase 2 of the IDMC and the site of
onset of MMCs (stomach or duodenum).
The significance of absence or reduction of the

phase 3 of the IDMC in the antral region is unknown;
we cannot exclude that a more prolonged period of
observation would show the presence of activity
fronts, as their frequency seems rather variable.28
There is, however, a general agreement that most
normal subjects show at least two consecutive MMCs
during a recording period of 240 minutes,24 25
although in some cases a marked reduction or
absence of MMCs has been described.6 It is also
difficult to establish possible abnormalities in the
motility pattern of humans, as a great variability
in the interdigestive motor complexes has been
reported in healthy individuals; on the other hand
whether duodenogastric reflux is pathological or not
it is still debated.
The multilumen probe inserted across the pylorus

in the duodenum might be responsible of possible
changes in the antro duodenal motility. Previous
investigations have suggested, however, that the
catheter does not significantly affect this motility
pattern.'

In conclusion, our findings suggest that: (a) the
strict relationship observed between the presence of
duodenogastric reflux and the reduced occurrence of
phase 3 of the IDMC confirms our previous findings
on the primary role of migrating motor complex

(MMC) in the prevention of biliary reflux; (b) no
difference in the motor abnormalities has been
found, among the cases with bile reflux, in subjects
with and without gastritis; further investigations are
required in order to evaluate the significance of the
clearing interdigestive capacity of the refluxed
material by the IDMC, as this mechanism, which was
believed to be involved as a possible cause of
gastritis, does not seem a determinant factor in our
study: (c) motor abnormalities are only partially
involved in the pathogenesis of gastritis, in that they
increase the frequency and amount of duodeno-
gastric reflux, but other factors would actually induce
the mucosal damage. Among the different factors
involved, our previous studies suggest that a
prominent role can be attributed to the qualitative
composition of bile salts, whereas mucus composi-
tion was found not to differ between patients with
mild gastritis and controls; (d) the motility disorders
of the antroduodenal region seem to precede and not
to follow the occurrence of mucosal damage. In fact,
such motor disorders have also been observed in
cases without gastritis, suggesting that they appear
before the onset of chronic gastric mucosal lesions. A
prospective study should be carried out, however, to
confirm this hypothesis.
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