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Prospective comparative study of the influence of
postoperative bile reflux on gastric mucosal histology
and Campylobacterpylori infection
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SUMMARY Biopsies of 17 peptic ulcer patients, randomly treated by partial gastrectomy with either
Billroth-II (n=9) or Roux-en-Y (n=8) anastomosis were studied before and six months after surgery
to determine the role of bile reflux in the early postoperative histological alterations of the gastric
mucosa. After BII-gastrectomy bile acid reflux (median 16.1 [.mol/h) was significantly higher
(p<O-OOOl) than after RY-gastrectomy (0.1 tmollh). Campylobacter pylor was present in the
preoperative biopsies of all 17 patients. After RY-gastrectomy biopsies of all eight patients were

positive for Campylobacter pylori, but was detected in only five of the nine patients with BII-
gastrectomy. Preoperative scores of gastritis grading were similar in both groups and no significant
differences were found postoperatively. Gastritis scores of the anastomotic mucosa in patients with
BIl-gastrectomy were significantly higher (p<002) than in the RY-gastrectomy group. Moreover,
the reflux gastritis score in the four BIl-gastrectomy patients cleared from Campylobacterpylori was
significantly higher (p<002) than in the postgastrectomy patients harbouring Campylobacterpylori.
The results suggest that reflux gastritis and Campylobacter pylor related gastritis are distinct
microscopic entities and that bile reflux may play a role in the eradication of Campylobacter pylori
after gastrectomy.

The gastric mucosa is repeatedly exposed to injurious
agents of several kinds. Among others, postoperative
reflux of bile is considered a factor of importance
in the development of non-autoimmune chronic
gastritis, the so called postoperative alkaline
gastritis. ' 2

Recent observations show that the gastric mucosa
frequently harbours Campylobacter pylori, suggest-
ing that non-autoimmune gastritis in some instances
may also be an infectious disease.5 In fact, about 90%
of peptic ulcer patients have active gastritis and
infection of the gastric mucosa with Campylobacter
pylori. Especially the discovery of Campylobacter
pylori as a potential pathogenic microorganism for
the human gastric mucosa led to renewed interest in
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the different forms of gastritis and attempts to
delineate their morphological features.'
Some recent reports point to specific histological

characteristics of reflux gastritis, which differ from
Campylobacter pylori related gastritis.`7 Campylo-
bacter pylori related gastritis appears to be closely
associated with chronic active gastritis, indicated by
the presence of mono and polymorphonuclear
leucocytes. Delineation of the various morphological
features, however, is almost always based upon
retrospective examination of histopathological speci-
mens with obvious drawbacks to define a histo-
pathological entity.' Moreover, the dynamics and
evolution of inflammatory lesions in the postopera-
tive gastric mucosa over time are well documented.'
Most study populations comprise nevertheless
patients with postoperative intervals ranging from
several months to several decades.
The purpose of our study therefore was prospect-
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ively investigate the early postoperative changes in

the gastric mucosa of two basically comparable
patient groups, randomly treated for peptic ulcer
disease by a partial gastrectomy with either Billroth-
II or primary Roux-en-Y anastomosis, with pre-
and postoperative assessment of the presence of
Campylobacter pylori. A Roux-en-Y diversion was

constructed to prevent postoperative reflux of bile,
whereas a Billroth-II anastomosis is known to
increase enterogastric reflux of bile.`

Methods

PATIENTS

Seventeen patients with peptic ulcer disease, not
adequately responding to medical therapy, under-
went elective gastrectomy. In all patients a two-thirds
distal gastrectomy was performed and in random
order a primary Roux-en-Y diversion or Billroth-II
anastomosis was constructed. Nine patients under-
went a partial gastrectomy with Billroth-II and eight
patients a partial gastrectomy with Roux-en-Y
anastomosis. Both groups were comparable with
respect to mean age (52 v 47 yr), sex (seven men and
two women v five men and three women) and
indication for surgery (seven duodenal ulcer and two
gastric ulcer v six duodenal ulcer and two gastric
ulcer). In the four gastric ulcer patients the ulcer was
located at the angulus of the lesser curvature of the
stomach. All patients were moderate to heavy
smokers (10-20 cigarettes a day) at the time of
operation. Six patients in the Billroth-II group and
five in the Roux-en-Y group used moderate amounts
(<80 g/day) of alcohol while none was treated by any
medication at the time of the study. All the patients
gave their informed consent to the study with pre-
and postoperative endoscopy plus multiple gastric
biopsies and quantitation of bile salts in the gastric
aspirates. Endoscopies were performed one week
preoperatively and six months postoperatively. The
studies were approved by the local ethical committee
on experimental investigations in man.

SAMPLING TECHNIQUE AND LABORATORY

METHODS

After overnight fasting the patients underwent
oesophagogastroduodenoscopy using the Olympus
GIF-K fibre endoscope. At a separate occasion a

nasogastric tube was installed intragastrically for
measurement of reflux of bile salts for 60 min. The
gastric aspirates were divided into four 15 minute
samples. After measurement of the volumes, the
concentrations of bile salts were determined using
the Enzabile test kit (Nygaard, Diagnostics Division
Oslo, Norway). Fasting bile salt reflux was calculated
for one hour, expressed as ,umol/h.

Biopsy specimens were obtained using a forceps
with spike and fenestrated cups. In each patient four
biopsy specimens were taken preoperatively from the
greater curvature of the antrum 5 cm from the
pylorus and 4 cm from the corpus/fundus, two from
the lesser curvature 5 cm distal from the cardia, and
two from the greater curvature about half way cardia-
pylorus. Postoperatively, four stomal biopsies and
four biopsies were obtained from the gastric remnant
at similar sites as preoperatively. The biopsy
specimens were orientated, immediately fixed in
buffered formalin, and embedded in paraffin.

HISTOI OGICAI. ASSESSMENT OF BIOPSY

SPECIMENS
Paraffin processed 4 micron sections were cut at
different levels, stained by haematoxylin and eosin,
and an additional section from each biopsy was
stained by the Warthin Starry method for Campylo-
bacter pylori.
The sections were examined by one of us (GJAO),

who was unaware of the operative procedure. The
biopsies of antrum, lesser and greater curvature of
corpus/fundus, and anastomosis were analysed
separately. The activity and degree of gastritis at the
various sites pre- and postoperatively were graded as
nil (0), mild (1), moderate (2), and severe (3) by (a)
the degree of polymorphonuclear infiltration and (b)
the degree of infiltration by chronic inflammatory
cells and the severity of mucosal degeneration
according to Whitehead et al.'' The most severe
alteration in a section, formed the score for that
specific variable at that site. The scores for the two
variables were added, giving a maximum gastritis
activity score of 6. The specimens were also graded
by the reflux gastritis score of Dixon et al,' from
absent (0) to severe (3), for the following features:
(a) foveolar hyperplasia, (b) oedema and smooth
muscle fibres in the lamina propria, (c) vasodilatation
and congestion of the lamina propria, and paucity of
(d) acute and (e) chronic inflammatory cells. The
highest score in a section for a certain variable was
again considered representative for that specific
variable at that biopsy site. A composite reflux
gastritis score was calculated for each patient by
adding the scores allotted for each of the indi-
vidual variables (minimum score 0, maximum score
15).
The sections stained by the Warthin Starry method

were examined for the presence of Campylobacter
pylori.

STATISTICAL ANALYSIS
Results were expressed as median and range.
Statistical analysis was done by Wilcoxon's rank-sum
test. Differences in the prevalence of Campylobacter
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pylori between the groups were tested for
significance by the xr test.

Results

BIl E REFLUX
Preoperative fasting bile salts in the gastric aspirates
of the patients who ultimately underwent a Billroth-
11 partial gastrectomy (median 0-35 imol/h, range
0 05-460 [tmol/h) were not significantly different
from preoperative fasting bile salts in the patients
who underwent a Roux-en-Y diversion (median 03()
imol/h, range 000-400 smol/h). Postoperatively
the fasting bile salt reflux was significantly higher
(p<0-0001) after Billroth-I1 gastrectomy (median
16-10 imol/h, range 0-01-779-27 [tmol/h) than after
Roux-en-Y gastrectomy (median 0-10 [tmol/h, range
0.00-031 [imol/h).

HISTOI OGICAL ASSESSMENT OF THE BIOPSY
SPECIMENS

Gastritis activity score
Table 1 shows the preoperative morphology of
antrum and corpus graded according to Whitehead et
al.`1 The microscopic picture was similar in patients
who underwent BlI-gastrectomy as compared with
the patients who ultimately underwent Roux-en-Y
diversion. Postoperatively, no statistically significant
differences were found between the two groups,
although the polymorphonuclear infiltration at the
Billroth-II anastomosis was slightly less than in the
Roux-en-Y patients. In addition, there were no
significant differences between the results of pre and
postoperative biopsies.

Reflux gastritis score
Table 2 shows the results of the reflux gastritis score

Table 1 Pre- and postoperative gastritis activity score
(median and range) in patients with gastrectomy and Roux-
en-Y (n =8) or Billrotli-JI anastomosis (n= 9). The activity
and degree ofgastritis were graded as nil (0), mild (I),
moderate (2), and severe (3) by (a) degree of
polymorphonuclear infiltration and (b) degree of infiltration
by chironic inflammatory cells and the severity ofmucosal
degeneration. The gastritis score was calculated by adding tlle
scores for the two parameters giving a maximum score of6

Preoperative Postoperative

Rouix-ei- Y Billroth-Il Rour-eni- Y Billroth-Il

Antrum 3 5 (2-6) 4 (2-5) - -

Corpus/fundus
Greater curvature 2.5 (1-4) 2 (0-4) 3 (1-5) 2 (1-4)
Lessercurvature 3(1-6) 4(2-6) 3(1-5) 3(1-5)

Anastomosis - - 4 (2-6) 3 (1-5)

Table 2 Histological cf/u x gtistiiti.% %(or (medtlianti anditl
ranitige) befjore atnd tifter gtrsltccltotnl Ivit/i eitl/et Roux -eni- Y
(n= 8) orlBillrotli-Il (i =9) anastomnosis. Tlie histological
refluix parameters (a) foveolar hYperplasia, (b) oedlempia, (C)
vasodilatation, (d) paucity ofpolvlmorp/)lionuc(lear
infiltration, and (e) paucity of r-ound cell infiltrationi wvere
graded as nil (O) mild (1), moderate (2), and severc (3),
giving a mnaximumi cumulative eflux score of 15

PreoperatiVe Postoperativ('

RouxI(-n I-Y Billrotli -l Roux-e -Y Bill//oth i-1

Antrumn 4 5 (3-8) (3-7) - -

Corpus/fundus
Greater cur',lture 4 (4-7) 5 (2-8) 3.5 (2-6) (4-10))
Lessercurvature 3(2- ) 3(2-5) 45 (2-7) 5(3-9)

Anastomosis - - (3-8) 9 (5-13)*

p<)-)2 compared with Roux-en-Y.

as graded according to Dixon et al. The preoperative
scores were not significantly different. Postopera-
tively, no significant differences were found for the
greater and lesser curvature of the body of the
stomach, although the score tended to be higher after
Billroth-II gastrectomy. The characteristics of reflux
gastritis, however, were more pronounced in the
Billroth-II anastomosis than in the Roux-en-Y
anastomosis and the composite reflux score in the
Billroth-I group was significantly (p<0-02) higher
than in the Roux-en-Y group.

Presence of Campylobacter pylori
Campylobacter pylori was present in the preopera-
tive mucosal biopsies of all 17 patients. After Roux-
en-Y gastrectomy biopsies of all eight patients were
still positive for Campylobacter pylori, whereas the
microorganism was demonstrable in only five of the
nine patients treated by a Billroth-II gastrectomy
(p=0.06, X' test). The four patients with Billroth-l1
gastrectomy whose mucosa was cleared from
Campylobacter pylori had not been treated by anti-
biotics or colloidal bismuth in the period between the
two endoscopies. Interestingly, both gastric ulcer
patients who underwent gastrectomy with Billroth II-
anastomosis were free of Campylobacterpylori in the
postoperative biopsies. As shown in Figure 1, the
reflux gastritis score was significantly (p<0-02)
higher in the four Campylobacter pylori negative
patients as compared with the 13 Campylobacter
pylori positive patients. The results of the gastric
ulcer patients were not different from the patients
operated upon for duodenal ulcer. In contrast, the
gastritis activity score as shown in Figure 2, was
significantly higher (p<002) in the 13 Campylo-
bacter pylori positive patients than in the four
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patients whose gastric mucosa was cleared from the
microorganism.

Discussion

Elimination of bile reflux by diversion of bile through
a Roux-en-Y construction in patients with reflux
gastritis is well documented.""' Our study confirms
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Fig. 2 Gastritis activity sc.ores at the site of t/e anastomosis
in 13 patients wit/i persistent Campylobacter pylori infection
andfour patients wlhose gastric mucosa was clearedfrom
Campylobacter pylori. Open circles denote Billrotli-Il
anastomosis and closed circles Roux-en- Y diversion.

that bile reflux depends on the surgical procedure
and the type of reconstruction performed after
gastrectomy. The effect of diversion of bile on the
histopathology of the gastric mucosa is more contro-
versial."11' Surgical measures which proved to
reduce bile reflux failed to show a difference for the
histopathological picture of gastritis," '` making it
questionable whether or not reflux of bile influences
the architecture of the gastric mucosa at all. The poor
correlation between histology and bile reflux could
be partly explained by the fact that in all studies
selected symptomatic patients with previous gastric
surgery subsequently underwent a Roux-en-Y
diversion. Furthermore, comparison of the degree of
gastritis is almost without exception based on grades
of chronic gastritis and inflammatory cell infiltra-
tion." 1'1h" Dixon et al recently postulated that reflux
of bile is associated with a distinctive histopatho-
logical entity in which foveolar hyperplasia, vaso-
dilatation, interstitial oedema and congestion, and
paucity of inflammatory cells are the hallmarks.s
Foveolar hyperplasia as a characteristic of alkaline
reflux gastritis has been emphasised by others'7 'x and
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one of these reports also points to the relative
absence of inflammatory cells."' It has to be stressed,
however, that reflux gastritis is not a unique histo-
logical entity, as similar features can be seen in the
neighbouring mucosa of chronic erosions, foveolar
and hyperplastic polyps, Men6trier's disease or
gastritis cystica profunda. These conditions, how-
ever, were not present in the patients studied.

Redness and swelling of the gastric mucosa in
reflux gastritis are well known macroscopic features
for the clinician during endoscopy.I'I The micro-
scopic analogues (hyperaemia, congestion, vaso-
dilatation and oedema), may have been too little
appreciated by histopathologists until now.'

Recognition of alkaline reflux gastritis as a
separate microscopic picture has obvious clinical
significance. When definition of this picture, how-
ever, is based on retrospective examination of histo-
pathological material from outpatient departments
or hospitals, it may be biased and not representative
for alkaline reflux gastritis in general.' Furthermore,
the evolution of inflammatory changes and the
development of the histopathological features of
postoperative reflux gastritis as a function of time
should be taken into account. In most studies the
intervals from the initial surgery show wide variations
and no subdivision according to length of post-
operative interval has been made, thus ignoring the
dynamic principles of the behaviour of gastritis.i
The present study is, to our knowledge, the first

randomised trial in which prospectively the influence
of bile reflux on the human gastric mucosa was
investigated. It confirms that, at least in the early
postoperative stage, gastritis at the site of the
anastomosis after Billroth-II resection seems to
be characterised by specific features as recently
recapitulated by Dixon et al.' For the body of the
gastric remnant the higher reflux gastritis scores after
Billroth-II resection failed to reach statistical signific-
ance when compared with biopsies from the res-
pective sites preoperatively and after Roux-en-Y
diversion. The finding that the reflux activity score at
the anastomosis was increased, while the gastritis
activity score was not affected by Billroth-II gastrec-
tomy may seem to be contradictory, because infiltra-
tion of the gastric mucosa with inflammatory cells is a
feature contributing oppositely to the scores of both
classifications. The gastritis score according to
Whitehead, however, depends heavily on infiltration
with inflammatory cells, whereas paucity of these
cells in the gastric mucosa contributes only for 40% to
the reflux activity score. Thus, the increase in reflux
score was mainly caused by other factors, such as
foveolar hyperplasia, oedema and vasodilatation.
Furthermore, there was in fact a weak tendency to a
decreased density of inflammatory cells postopera-

tively, leading to a slightly lower gastritis score after
Billroth-II gastrectomy, while there was a minimal
increase of this score after Roux-en-Y gastrectomy
(Table 1). These changes of inflammatory cells may
be in part secondary to the mucosal swelling after
Billroth-I1 gastrectomy.
The postoperative findings in our Billroth-II study

group with respect to Campylobacter pylori status,
indicate a potential role of bile reflux in the eradica-
tion of these microorganisms. Other studies, in which
the prevalence of Campylobacter pylori infection
after partial gastrectomy was also lower than
expected, support this observation."7' As the
patients had not been treated by antibiotics or
colloidal bismuth, it is likely that alkaline reflux into
the gastric remnant played a causative role in the
clearance of the microorganism.
We conclude from this prospective comparative

study that the type of anastomosis after gastric
resection is an important determinant of mucosal
histology evaluated by a reflux gastritis score and
persistence or clearance of Campylobacter pylori
infection.

The authors are indebted to J B de Boer for technical
support, to Ir I Biemond for preparing the drawings
and to Lya Liefting and Loes Niepoth for secretarial
assistance.
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