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AbstractAbstractAbstractAbstractAbstract

AIM: To investigate the correlation among the presence
and degree of gastric metaplasia of duodenal regenerating
mucosa, the deformity of bulb and the recurrence of
duodenal ulcer.

METHODS: A total of 99 patients with duodenal ulcer
were treated with H2-antagonist with or without
antimicrobial therapy. All patients received follow-up
endoscopic examinations 6 wk after treatment. When
the ulcer(s) were noted to be healed, two biopsies were
taken from the ulcer scar for histological study of gastric
metaplasia, and 4 biopsies were taken from antrum for
Helicobacter pylori (H pylori) study. Out of these cases,
44 received further follow-up endoscopic examinations
after 3, 6 and 12 mo respectively for studying the recurrence
rate of duodenal ulcers. The correlation among ulcer
recurrence, degree of gastric metaplasia of regenerating
mucosa, bulbar deformity, and colonization of H pylori in
the stomach was then studied.

RESULTS: The results showed that there was a strong
correlation between the deformity of duodenal bulb and
the degree of gastric metaplasia of regenerating duodenal
mucosa. The recurrence rate of duodenal ulcer had a
significant difference between patients with and without
H pylori colonization in the stomach (P<0.001). The greater
the degree of gastric metaplasia of duodenal regenerating
mucosa, the higher the recurrence rate of duodenal ulcer
(P = 0.021). The more deformed the duodenal bulb, the higher
the incidence of recurrence of duodenal ulcer (P  = 0.03).

CONCLUSION: There is a correlation among deformity
of duodenal bulb, gastric metaplasia of duodenal
regenerating mucosa and recurrence of duodenal ulcer.
A more severely deformed duodenal bulb is closely related
to a greater extent of gastric metaplasia. Both factors
contribute to the recurrence of duodenal ulcer.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Duodenal ulcer is the most common kind of peptic ulcer
diseases in Taiwan. Healing of  duodenal ulcer is not so
difficult. However, the frequent recurrence of duodenal
ulcer is still a big problem to physicians. The recurrence
rate of duodenal ulcer was reported from 50% to 80%
within one year[1-3]. Although Helicobacter pylori (H pylori)

colonization has been considered as the most important
factor related to the recurrence of duodenal ulcer, and
eradication of H pylori has been proved to greatly reduce
the recurrence rate[4-10]. Except for H pylori, there might be
other factors contributing to the ulcer recurrence. Our
previous studies revealed that histological maturity of healed
duodenal ulcers and deformity of  duodenal bulb might play
a role in the recurrence of duodenal ulcer[11-15]. A 3- to 8 -
year follow-up study (n = 448) revealed that about 20% of
the patients with duodenal ulcer never experienced
recurrence of duodenal ulcer after successful treatment,
none of these “cured” patients had a moderate or severe degree
of  deformity of  bulb. In contrast, patients with a marked
deformity of  bulb suffered from repeat recurrence of
duodenal ulcer and even underwent surgical intervention[15].
It has been suggested that colonization of  H pylori on the
gastric type epithelium of the duodenum[16,17] could cause an
active chronic duodenitis, leading to duodenal ulceration.
Gastric metaplasia of the duodenal mucosa has been
considered to be closely related to the development of
duodenal ulcer. Based on the above recognition, we
considered that there might be some relationships between
gastric metaplasia of  duodenal mucosa, bulbar deformity
and duodenal ulcer recurrence. Therefore, we designed this
prospective study to investigate the correlation among the
presence and degree of gastric metaplasia of duodenal
regenerating mucosa, the deformity of  bulb and the
recurrence of duodenal ulcer.



MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

This study was approved by the Human Subjects Committee
at our institution, and informed consent was obtained from
all subjects prior to participation.

Types of duodenal ulcer
Upper gastrointestinal endoscopy was performed using an
Olympus GIF-XQ200 endoscope (Olympus Optical Co.,
Ltd, Tokyo, Japan). Based on the endoscopic morphological
patterns of the duodenal bulb, we divided duodenal ulcers
into 3 types. Type I had a normal-shaped bulb, type II had
a ridge across the bulb with pseudo-diverticulum formation
(mild degree of  deformity), type III had multiple ridges
occupying the bulb (marked deformity).

Grading system of microscopical gastric metaplasia
Histologically, we divided gastric metaplasia into 3 grades.
Grade 0: no ectopic gastric mucosa to be noted (Figure 1A),
Grade 1: less than one fourth of regenerating mucosa
containing gastric foveolar epithelium, Grade 2: more than
one fourth of regenerating mucosa containg gastric foveolar
epithelium (Figure 1B). The correlation between ‘the type’
of duodenal ulcer and the presence and degree of gastric
metaplasia was studied.

A total of 99 patients with endoscopically proven healed
duodenal ulcer were enrolled in this study. Two biopsy specimens
were obtained from the healed ulcer center during endoscopic
examination. Four micrometer thick sections of  tissue were
prepared and underwent staining with HE and periodic acid
Schiff  (PAS) for light microscopic examinations to identify the
presence and degree of gastric metaplasia. Another four
biopsies were taken from the gastric antrum to examine
H pylori infections using Campylobacter-like organism (CLO)
test and histology with HE staining.

Ten normal healthy subjects were used as a control group
for evaluating the incidence of  gastric metaplasia in normal
duodenal mucosae and the positive rate of H pylori infection
in normal subjects.

All the 99 patients received anti-H pylori triple therapy
for 2 wk and followed histamine 2-receptor antagonist
treatment for 6-8 wk. The patients were not allowed to
receive anti-ulcer drugs until attack of dyspepsia again.
Follow-up endoscopic examinations were carried out at 3,
6, and 12 mo after cessation of medication in order to
examine the condition of duodenal ulcers. The correlation
among bulbar deformity, gastric metaplasia of  regenerating
duodenal mucosa, and the recurrence of duodenal ulcer
was evaluated. The recurrence rate of duodenal ulcer in
H pylori-infected and H pylori-eradicated patients was checked
and the relationship between H pylori infection and gastric
metaplasia or bulbar deformity was also studied.

Statistical analysis
Statistical analysis was conducted using Student’s t-test, χ2

analysis with Yates’ correction and Fisher’s exact test. The
results were expressed as mean±SD.

RESULRESULRESULRESULRESULTSTSTSTSTS

Ninety (91%) out of the 99 patients were infected with
H pylori before ulcer therapy. These 99 patients consisted of
71 males and 28 females, and they aged from 18 to 79 years
with a mean age of 49.2±11.95 years.

Forty-four out of  the 99 patients received further follow-
up endoscopic examinations at 3, 6, and 12 mo after the
ulcer(s) were endoscopically proved to be healed. Among
these 44 patients, 14 had no deformity (Type I), 30 had
deformity of  bulb (16 Type II and 14 Type III). The mean
age of the patients with types I, II, III ulcers was 46.6±14.56,
50.6±8.37, and 54.5±11.04 years, respectively. The
differences in mean age types of duodenal ulcer were not
statistically significant (P>0.01). Meanwhile, according to
the regenerating duodenal mucosae of these 44 cases, 10
had grade 0, 10 had grade 1 and 24 had grade 2 gastric
metaplasia. The mean age was 49.8±7.3, 49.5±13.2, and
53.0±13.3 years in patients with grade 0, grade 1, and grade
2 gastric metaplasia, respectively. It showed no significant
difference between patients with different grades of gastric
metaplasia (P>0.01).

As shown in Table 1, 6 patients (42.86%) with14 type I,
3 (18.75%) with 16 type II, and 1 patients (7.14%) with 14
type III ulcers had grade 0 gastric metaplasia. However,
57.14% of type I, 81.25% of type II, and 92.86% of type III
ulcers were noted to have grade 1 or 2 gastric metaplasia. Type

Figure 1  Figure 1  Figure 1  Figure 1  Figure 1  Grade 0 and Grade 2 gastric metaplasia. A: Grade 0 gastric
metaplasia, All the regenerating epithelia of duodenal ulcer scar were
not stained by PAS. (PAS stain x 100); B: Grade 2 gastric metaplasia,
Most of the regenerating epithelia were PAS positive (PAS stain x100).

TTTTTable 1  able 1  able 1  able 1  able 1  Correlation between grade of gastric metaplasia of
regenerating mucosa and deformity of duodenal bulb

    Bulb not deformed1       Bulb deformed1

      Total
                 Type I                 Type II              Type III

Grade 0   6     3   1           10
Grade 1   4     4   2           10
Grade 2   4     9 11           24
Total 14   16 14           44

1P = 0.038.

A

B
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II or type III ulcers had a higher grade of gastric metaplasia
than type I ulcer. The differences between type I and type II
or III ulcers were statistically significant (P<0.04 in each).

Out of these 44 patients, 18 (40.9%) had H pylori

colonization and 26 (59.1%) had no H pylori colonization
at antrum of the stomach at the final endoscopy. In the
H pylori-infected group, 15 patients (83.3%) were found to
have ulcer recurrence within 12 mo after cessation of
treatment. On the other hand, out of 26 H pylori-eradicated
patients, 6 (23.1%) were found to have recurrence. The
recurrence rate of duodenal ulcer was significantly different
between these two groups (P<0.001). As to the deformity
of bulb, 3 patients (21.43%) with 14 type I, 8 patients (50%)
with 16 type II, and 10 patients (71.43%) with 14 type III
ulcers were found to have recurrence, the differences in
recurrence rate among different types were statistically
significant (P = 0.03). As to the grade of gastric metaplasia
of regenerating duodenal mucosa, 1 patients (10%) with
10 grade 0, 5 (50%) with 10 grade 1, and 15 patients (62.5%)
with 24 grade 2 gastric metaplasia had ulcer recurrence
within 12 mo. The differences in recurrence rate among
the grades of gastric metaplasia of regenerating duodenal
mucosa were statistically significant (P = 0.02).

Out of the 40 specimens obtained from duodenal
mucosa of healthy subjects at the site of 0.5 to 1.0 cm
distal from pyloric ring (either anterior or posterior wall of
the bulb), 33 (82.5%) were grade 0 and 7 (17.5%) were
grade 1 gastric metaplasia. The incidence was significantly
less than that of healed duodenal ulcers (P<0.05). The
positive rate of H pylori colonization was 60% in these group,
it seemed lower than that of patients with duodenal ulcers.
However, there was no statistically significant difference
between these two groups (60% vs 91%, P>0.05).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

It is well known that periodic acid Schiff  (PAS) stain is the
best method to identify gastric metaplasia of duodenal
mucosa. However, gastric metaplasia is also easily identified
by hematoxylin and eosin (HE) staining by the presence of
clusters of epithelial cells with distinct apical cytoplasmic
vacuoles and without a brush border. This gastric-type
epithelium is easily distinguished from adjacent duodenal
epithelial cells by examining cytoplasmic vacuoles and brush
border[18]. In the present study, tissue preparations were
treated both with HE and PAS staining to assess the presence
and degree of gastric metaplasia of duodenal mucosa in
patients with healed duodenal ulcer and in healthy subjects.

Although surface gastric metaplasia and duodenitis are
closely associated, they have not been considered to share a
common pathogenesis[19]. Furthermore, Fitzgibbons et al.
postulated that the occurrence of gastric metaplasia was
unrelated to the presence of severe duodenitis[18]. Therefore,
the present study did not investigate the correlation between
gastric metaplasia and duodenitis, we chiefly studied the
possible correlation between the presence and extent of
gastric metaplasia of  duodenal mucosa and the deformity
of duodenal bulb in patients with healed duodenal ulcer.

It has been reported that gastric metaplasia of duodenal
mucosa could be identified in 22-25% of asymptomatic

volunteers[18,19] and in 77.6% to 100% of patients with active
duodenal ulcer[19-21]. As to the patients with healed duodenal
ulcer, Carrick et al. postulated that 93% of them were
accompanied with gastric type epithelium in the bulb[21].
However, Hara et al. demonstrated that only 9.7% to 55.0%
(mean 31.8%) of the total surface of the duodenal mucosa
taken from ulcer scar areas showing no methylene blue
absorption, was occupied by metaplastic cells[22]. We used
methylene blue to stain the mucosa in the duodenal bulb to
investigate the extent of gastric metaplasia among non-ulcer
patients, DU with a mild bulbar deformity and DU with a
marked bulbar deformity[19]. The incidence of  gastric
metaplasia in the duodenal bulb was higher in patients with
healed ulcers than in non-ulcer patients. Patients with
deformed duodenal bulbs had a higher extent of  gastric
metaplasia than those without deformed duodenal bulbs[19].
The present study revealed that there were 57.14% of 14
healed type I, 81.25% of 16 healed type II, and 92.87% of
14 healed type III ulcers having grade 1 or 2 gastric
metaplasia. In average, there were 72.27% of healed
duodenal ulcers to be accompanied with gastric metaplasia.
The incidence of gastric metaplasia of healed duodenal
ulcers in this series was higher than that reported by Hara
et al. [22], but definitely lower than that reported by Carrick
et al. [21]. Because our specimens were taken from the center
of ulcer scar, they could exactly represent the condition of
regenerating mucosa. On the other hand, our sampling
method was similar to that of Hara et al.[22], it might be the
reason why our data were somewhat close to that of Hara
et al.[22]. We considered that the difference in the incidence
of gastric metaplasia between our study and that reported
by Carrick et al.[21], might be due to the different biopsy sites.

Metaplastic gastric type epithelium in the duodenum has
been regarded as an adaptive defensive response to mucosal
injury of any kind, including acid and/or pepsin[20,23,24]. The
presence and extent of gastric metaplasia have been
correlated with acid secretory capacity in men[20,25], and they
have been induced in experimental animals by stimulation
of excessive acid secretion[26,27]. Therefore, increased acid
load of the duodenum has been considered as the most
important determinant of  gastric metaplastic changes in
duodenal mucosa. However, it should be emphasized that
metaplasia is a consequence of any mucosal injury and
follows any ulcerative process affecting the duodenum. An
increase in both the extent and frequency of gastric mucosa
in the duodenal bulb of patients with ulcer diseases would
occur due to a duodenal ulcer[20]. The present study revealed
that there were 57.14% of regenerating mucosae of healed
type I ulcers having evidence of gastric metaplasia, which was
statistically higher than that of healthy subjects (57.15% vs
17.5%, P<0.05). Meanwhile, healed type II and type III
ulcers had a significantly higher incidence (P<0.01 in each)
and a higher degree (P<0.05 in each) of gastric metaplasia
than those of healed type I ulcers. The above lines of
evidence strongly suggested that presence and degree of
gastric metaplasia of regenerating duodenal mucosa were
highly correlated with bulbar deformity.

It has been reported that duration of the illness of
patients with duodenal ulcer who had a marked deformed
bulb was usually more than 6 years or even over 10 years,
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which was significantly longer than that of ulcer patients
with a normal-shaped bulb[13]. Hence, ulcers with a marked
deformed bulb would be the most chronic form of  duodenal
ulcer, and the deformity of  duodenal bulb could be regarded
as the results of tissue scarring due to periodic relapse and
healing of  the duodenal ulcer. We considered that the high
incidence and degree of gastric metaplasia in healed type II
and type III ulcers might be the results of repeated recurrence
and healing of  the duodenal ulcer, and a deformed bulb
with a high degree of gastric metaplasia easily colonized by
H pylori, would provide an environment of easy recurrence
of the ulcer. Therefore, a vicious cycle of healing and recurrence
may exist in this kind of ulcer patients. This may explain why
the recurrence of duodenal ulcer was said to be related to
deformity of  the bulb[13-15], and why the results of  our previous
study revealed that duodenal ulcers with a normal-shaped
bulb had a better chance to be cured and those with a marked
deformity of  bulb had a high incidence of  recurrence or
needed surgical intervention[15]. Eradication of  H pylori may
be the best way to break this vicious cycle and therefore, to
prevent repeated recurrence of duodenal ulcers which have
a deformity of  duodenal bulb. In addition to H pylori

eradication, we observed two characteristic conditions in
patients with duodenal ulcer recurrence after H pylori
eradication: one was a markedly deformed bulb with a high
grade metaplasia at the scarring stage, and the other was a
change in gastric metaplasia from a high grade to a low grade
at the previous ulcer site after ulcer healing.

Results of this study showed that H pylori infection was
the most important factor contributing to recurrence of duodenal
ulcer. However, both the deformity of  bulb and the grade of
gastric metaplasia of regenerating duodenal mucosa might also
contribute to ulcer recurrence. Because our sample size was
not large enough to separate the H pylori-infected and H pylori-
eradicated cases, we could not study the influence of deformity
of bulb on ulcer recurrence after H pylori eradication.
Further study is necessary to clarify this interesting question.

In conclusion, there is a correlation among deformity
of duodenal bulb, gastric metaplasia of duodenal
regenerating mucosa and recurrence of duodenal ulcer. A
more severely deformed duodenal bulb is closely related to
a greater extent of gastric metaplasia. Both factors
contribute to the recurrence of duodenal ulcer.
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