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Abstract
A two phase study was performed to identify
factors that influence the healing rate of duo-
denal ulcer. The study included an initial
clinical trial in 145 patients and a second trial in
a further 61 patients. AU patients were pre-
scribed cimetidine at a daily dose of800 mg for
six weeks. The factors examined were age,
sex, inpatient or outpatient treatment, dura-
tion of present ulcer pain, past history of
duodenal ulcer, smoking, drinking, the length
of time it took for symptoms to resolve after
beginning treatment, and the characteristics of
the ulcers themselves.

Eighty four per cent of the duodenal ulcers
healed after six weeks. Using univariate and
multivariate analyses, it was found that three
factors indicated a significant delaying effect
on healing: (1) symptoms that persisted two
weeks after treatment had begun; (2) heavy
smoking (20 or more cigarettes daily); and
(3) severe narrowing of the duodenal bulb.
Patients with none of the three unfavourable
factors (n=90) had a healing rate of 95 6%
compared with patients with one (n=45) or two
or more (n=10) factors, whose healing rates
were 75*6% and 20-0% respectively (p<0.001).
The corresponding figures in a second study
were 88-9%, 55*0%, and 0%, respectively
(p<0.001). A prognostic score based on these
three factors represents the severity of duo-
denal ulcers with regard to healing in patients
treated with cimetidine.

Although there have been a number of studies of
the effect of drugs on duodenal ulcers, there are
fewer reports on the effects of other factors on
duodenal ulcer healing. This is because of the
small number of patients studied, which has
been enough to allow drug assessment but not
sufficient to assess other factors.' H2 receptor
antagonists have led to dramatic improvements
in the healing rate ofduodenal ulcers. Intractable
or refractory duodenal ulcers are ulcers that have
not healed after eight weeks2 or three months3
respectively of full dose treatment with a modern
antiulcer drug. These ulcers are relatively rare,
which makes assessment of predictors of duo-
denal ulcer healing under treatment with H2
receptor antagonists difficult.

Identifying patients with slow healing duo-
denal ulcer before or soon after starting treat-
ment would have therapeutic and economic
value, and would help to elucidate the factors
that affect duodenal ulcer healing as well as those
that underlie its pathophysiology.4 The aim of
the present study was to elucidate factors that
influence the healing rate of duodenal ulcer

during treatment with cimetidine and to identify
patients with a refractory duodenal ulcer.

Patients and methods
A two phase study was performed to elucidate
predictors ofduodenal ulcer healing and identify
patients with refractory duodenal ulcer.

PHASE 1
One hundred and forty five patients with duo-
denal ulcer diagnosed at our clinic between July
1985 and August 1986 were entered into the trial.
We excluded: patients aged over 75 years and
under 16 years; pregnant women; patients with
chronic liver or renal disease, or any other severe
disease; patients who regularly used acetylsali-
cylic acid or other ulcerogenic drugs; those with
a past history of ulcer surgery; patients with
gastric ulcer; patients with ulcer size of less than
4 mm; and patients who had taken antiulcer
drugs within four weeks of the start of the study.
Informed consent was obtained from all patients.

Treatment started within 48 hours of endo-
scopy. All patients were treated with cimetidine,
200 mg four times a day. Treatment was given on
either an outpatient or inpatient basis. Endo-
scopy was repeated at three week intervals until
ulcer healing was confirmed. An ulcer was
regarded as healed when complete epithelialisa-
tion of the ulcer had been achieved, as deter-
mined by endoscopy. Ulcer size was assessed by
measuring the greatest diameter with the tip of
an open forceps. In patients with several ulcers
the diameter of the largest ulcer was measured.

Ulcers whose base seemed to be almost level
with the surrounding mucosa were classified as
'flat', those with a clearly depressed base more
than 4 mm from the margin were 'deep', and
ulcers whose extent was between these two were
described as 'moderate'. The degree of deform-
ity of the duodenal bulb was scored4: 3=
narrowing of the entrance or exit of the duodenal
bulb by scarring, but still admitting the endo-
scope (external diameter=9 mm); 2=bilateral
deformity; 1=unilateral deformity of bulb; 0=
no deformity. All endoscopic findings were
registered immediately after each endoscopy.
The endoscopists were not aware of the clinical
progress of the patients.
The patients recorded information on drug

ingestion. The duration of the present ulcer pain
was dated from the start of the present ulcer-like
symptoms. Each patient was questioned about
their ulcer symptoms every two weeks to deter-
mine when they had resolved.
The following characteristics were compared

in patients whose ulcers healed within six weeks
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TABLEI Characteristics ofpatients with healed (n= 122) and unhealed (n=23) duodenal
ulcers

Duodenal ulcer group

Healed* Unhealedf Significance

Age (years) (mean (SD)) 39-1(12-9) 36-0 (10-0) NS
Sex:
Men 83 20
Women 39 3 p-0.11

Treatment basis:
Inpatient 31 3
Outpatient 91 20 NS

Duration of present ulcer symptoms
(days) (mean (SD)) 63-7 (337-4) 149-0 (380 3) NS

Past history of duodenal ulcer:
Yes 65 12
No 53 9NS

Resolution of symptoms within 2 weeks
of starting treatment:
Yes 111 14 p<0-001
No I11 9

Number of cigarettes smoked per day
(mean (SD)):
Before treatment 12-0 (12-8) 20-7 (12-9) p<0-01
3 weeks after starting treatment 7 9 (10-6) 15-6 (11-6) p<0-01
6 weeks after starting treatment 7 5 (9 5) 13-6 (9 5) p<0-01

Alcohol consumption (g/day)
(mean (SD)):
Before treatment 27(36) 39(39) p=0 12
3 weeks after starting treatment 12 (27) 24 (36) p=0.07
6 weeks after starting treatment 15 (27) 21 (36) NS

*Ulcers which healed within six weeks of starting treatment.
tUlcers which did not heal within six weeks of starting treatment.

ofstarting treatment and in patients whose ulcers
did not heal in this time: age; sex; whether
treated as in- or outpatients; duration of present
ulcer symptoms; past history of duodenal ulcer;
number of cigarettes smoked; the amount of
alcohol consumed before and during treat-
ment; the length of time before symptoms
resolved after starting treatment; compliance;
endoscopic findings such as ulcer size, depth,
number, and site of ulcer; and Sakita's endo-
scopic staging system.5 6
The relation between ulcer healing and these

variables was examined initially using X2 test with
Yates's correction and unpaired Student's t test,
and subsequently by multiple stepwise linear
regression analysis in which healing within six
weeks was the dependent variable.78 All factors
that were statistically unfavourable for duodenal
ulcer healing were weighted equally and were
used to calculate a prognostic score.90' The XI test
by Dorn" was used to compare the incidence
among groups of more than three.

PHASE 2
To confirm the reliability of the effect of the
unfavourable factors determined in phase 1, a
further series of 61 patients diagnosed at our
clinic between November 1987 and June 1988
were recruited by the same criteria. The protocol
was exactly the same as in phase 1.

Results

PHASE 1 STUDY
Ulcers healed within six weeks of starting treat-
ment in 122 of the 145 patients (84- 1%) studied.

Table I shows the characteristics of patients
with healed and unhealed duodenal ulcers.
Smoking before and during treatment and the
time it took for symptoms to resolve were
significantly important - heavy smokers and
patients in whom symptoms did not resolve

within two weeks of starting treatment had a
significantly poorer healing rate. The patients'
sex and their alcohol ingestion had some effect on
the healing rate, but these values did not reach
the threshold of significance. Variables of age,
whether treated as in- or outpatients, the dura-
tion of the present ulcer pain, and a past history
of duodenal ulcer did not correlate with the
healing rate.
The relation between the number of cigarettes

smoked daily during treatment and the healing
rate is shown in Table II. Patients who smoked
more than 20 cigarettes daily had a significantly
poorer healing rate. Thirty four of 61 patients
who smoked more than 20 cigarettes daily before
the treatment continued to smoke more than 20
cigarettes daily and the remaining 27 patients cut
down on cigarettes during the treatment. The
healing rates for these two groups were 64-7%
and 85 7%, respectively (p=0. 1303).
The degree of compliance with treatment was

equally high in both healed and non-healed ulcer
groups. Both groups showed a compliance of
more than 90% during the entire period of the
study.
Among the endoscopic findings, the degree of

deformity of the duodenal bulb was the only
significant factor influencing the healing rate
(Table III). An ulcer associated with severe
narrowing was significantly slower to heal. The
numbers of ulcers, their shape, size, depth, site,
and the stage of duodenal ulcers had no effect on
the healing.

Table IV shows the results of multiple linear
regression analysis. The following three factors
were significant in delayed healing: symptoms
that did not resolve within two weeks of begin-
ning treatment (p<001); smoking more than 20
cigarettes per day during treatment (p<0 01);
severe narrowing of duodenal bulb (p<0 01).
When these factors were taken into account
other factors were not significant.
The prognostic scoring system was one in

which each unfavourable factor was given equal
weight. The patients with varying numbers of a
total of three unfavourable factors were classified
into four groups (Table V). With increases in the
prognostic score, the healing rate decreased from
95-6% (score of 0) to 75-6% (score of 1) to 20-0%
(score of 2 and 3) (p<0 001).

PHASE 2 STUDY
Duodenal ulcers healed in 43 of the 61 (70 5%)
patients within six weeks of beginning treat-
ment. The healing rate six weeks after beginning
treatment (depending on the number of
unfavourable factors present) is shown in Table
VI. With increases in the prognostic score, the
healing rate decreased from 88-9% (score of 0) to

TABLE II No ofcigarettes smoked daily during treatment and
healing rate in patients with duodenal ulcer

No cigarettes per day

0-9 10-19 s20

Healed ulcer 58 42 22
Unhealed ulcer 4 7 12
Healingrate(%) 93-5 85-7 64-7

p<O-OOl
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TABLE iII Endoscopicfindings in patients with healed
(n= 122) and unhealed (n=23) duodenal ulkers

Duodenal ulcer group

Endoscopic findings Healed* Unhealedt Significance

Ulcer shape:
Roundoroval 115 22 NS
Irregular 7 1

Ulcer size (mm) (mean (SD)) 8 (3) 9 (4) NS
Ulcer depth:

Flat 31 3
Intermediate 76 14 NS
Deep 15 6

Number of ulcers:
One 89 18 NS
Multiple 33 5

Bulbar deformity; range
0-3 (mean (SD)): 1-2 (0-8) 1-9 (1-0) p<0-01
None 24 2
Slight 52 6
Moderate 41 8
Severe 5 7 p<0-01

Ulcer site:
Anterior 83 16 NS
Other 39 7

Stage classification of ulcer:
A, 45 9
A2 47 11 NS
H, 30 3

*Ulcer which healed within six weeks after starting treatment.
tUlcer which did not heal within six weeks of starting treatment.

55 0% (score of 1), to 0% (score of 2 and 3)
(p<000l).

Discussion
Previous attempts at identifying factors that
influence the healing rate of peptic ulcers have
been criticised for not being composite and
comprehensive enough'2 to evaluate factors that
are often interrelated. It is generally recognised
that multivariate analysis is necessary for evalua-
tion of predictors of peptic ulcer healing.'4913
There are eight reports of a multifactorial

analysis of duodenal ulcer. 49I 1'l9 These studies
were conducted with antacids,9'1I16 H2 receptor
antagonist,4'719 placebo,4 or as controlled trials
comparing H2 receptor antagonist with other
drugs.' 18 When predictors of delayed healing are
identified in a group, a further study using a new
group should be done to determine the reliability
of the predictors found in the first study. Most
studies, except a few,49'6 did not include a
second phase as we have done,
Our results show that three factors - symp-

toms persisting longer than two weeks after
beginning treatment, severe narrowing of the
duodenal bulb, and smoking over 20 cigarettes
daily during the treatment - had a significant
delaying effect on duodenal ulcer healing. This
was shown in both univariate and multivariate
analyses. Two weeks after beginning treatment
with cimetidine, patients with duodenal ulcer
could be divided into three groups to predict
ulcer healing: patients with none of the three
unfavourable factors had ulcers that healed

TABLE IV Multiple stepwise regression analysis related to ulcer healing within six weeks after
starting treatment with cimetidine

Standardised
Stepfactor Unfavourable coefficient F value Significance

1 Resolution of symptoms within two
weeks of treatment No 0-468 44-19 p<0-01

2 Heavy smoking (-20 cigarettes daily) Yes 0-206 8-40 p<0-01
3 Bulbar deformity Severe narrowing 0-190 7 30 p<0-01
4 Ulcer size Large 0-080 1-29 NS

TABLE V Duodenal ulcer healing within six weeks after
starting treatment with cimetidine by number ofunfavourable
factors

Score

Patients group 0 1 2 3

Healed ulcer 86 34 2 0
Unhealed ulcer 4 11 7 1

Healing rate (%) 95-6 75.6 20-0

p<0-001

quickly; the patients with more than two factors
had intractable ulcers; and those with one of the
factors had an intermediate ulcer healing rate.
This was confirmed by a second series ofpatients
with duodenal ulcer.

Calculations of prognostic indicators should
be simple, and the indicators should reflect the
prognosis correctly. In fact, the simple activity
index proposed by Harvey and Bradshaw20 and
that of the International Organisation for the
Study of Inflammatory Bowel Disease (IOIBD)2'
are widely used for the assessment of clinical
activity in patients with Crohn's disease and
correlate strongly with a Crohn's disease activity
index.22 A prognostic score of duodenal ulcer by
Lam and Koo4 and Massarrat et at'6 can be calcu-
lated using corresponding discriminant scores
based on various characteristics. It is very diffi-
cult, however, for the physician in the outpatient
clinic to use these for individual patients2
because the calculations are cumbersome. The
prognostic score suggested in this study is both
simple to use and accurate.

Patient compliance with drug treatment is
very important in evaluating the failure of duo-
denal ulcers to heal.23 24 There'was no difference
in compliance between the healed and non-
healed ulcer groups in this study so we did not
consider compliance as a factor to be considered.

It is noteworthy that ulcer healing was delayed
in patients whose symptoms persisted two weeks
after the start of treatment with cimetidine.
Massarrat et al'6 also reported that pain duration
during treatment was significantly longer in their
unhealed group than in the healed group in
patients with duodenal ulcers being treated with
antacids. Ippoliti et al,25 however, reported that
there was no correlation between the pain dura-
tion and ulcer healing. Similarly, in a study26 we
found that if symptoms persisted one week after
the start of treatment with cimetidine gastric
ulcer healing would be delayed. What this means
is not clear at present but it is possible that this
finding is associated with acid hypersecretion.
Smoking has been found to delay the healing

of duodenal ulcer in various treatment regimens
such as placebo,'27 trimipramine,28 antacids," 162'
sulpiride,2' carbenoxolone,3' cimetidine,29 32 33
ranitidine,34 oxmetidine,2 33 and omeprazole,5
though there are a few exceptions.3153" This
adverse effect was reported to be nullified with
misoprostol, a synthetic prostaglandin El37 and
sucralfate.3m The data supporting a particular
advantage for any specific drug in smokers are
too limited, however, to allow firm conclusions
to be drawn.3' In this study, patients who
smoked more than 20 cigarettes daily during
treatment had a significantly lower healing rate
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TABLE VI Healing rate and number ofunfavourabk factors
in phase 2 patients uith duodenal ulcer

Score

Patients group 0 1 2 3

Healed ulcer 32 11 0 0
Unhealed ulcer 4 9 5 0
Healing rate (%) 88-9 55.0 0 0

p<O-00l

than those without this habit. There were no
differences in healing rates between those who
smoked less than nine cigarettes daily and those
who smoked 10 to 19 cigarettes daily in our
study. Hetzel et al33 reported that light smoking
(less than 9 cigarettes daily), as opposed to
heavier consumption, had no adverse effect on
the healing rate of duodenal ulcer in patients
being treated with cimetidine or ranitidine.
Thus, it seems that heavy smoking (more than 20
cigarettes daily) has an adverse effect on healing.
There was some effect of reducing cigarettes in
heavy smokers but the values did not reach the
threshold of significance, probably due to the
small number ofheavy smokers.

Various mechanisms have been proposed for
the adverse effects of smoking on ulcer disease,
including increased gastric emptying promoting
duodenal acidification, increased basal and
maximal acid secretion, decreased pancreatic
bicarbonate secretion, altered gastroduodenal
motility leading to reflux of duodenal contents,
increased pepsinogen I secretion, altered blood
flow,4042 and decreased gastric mucosal prosta-
glandin production.43"
With regard to the endoscopic data, stenosis of

the duodenal bulb had a significant delaying
effect on ulcer healing. This is consistent with
the results of Massarrat et al,9 16 though Lam and
Koo4 and Bardhan3 found no association between
deformity of the duodenal bulb and healing.
Deformity of the duodenal bulb had a strong
correlation with a past history of duodenal ulcer
(r=0-404, p<001). Ulcer recurrence would
cause narrowing of the duodenal bulb and prob-
ably leads to the ulcer becoming an intractable
one, as is the case in gastric ulcer.'026

Reports on the effect of age, sex, and family
history ofulcer disease on duodenal ulcer healing
have been controversial.' 349151619 Reports on the
effect of the duration of the present ulcer pain,9 16
late age of onset of disease,417 alcohol consump-
tion,1 49 15 ulcer size,'14161719 acid hypersecre-
tion,391617 and nocturnal hypersecretion of
acid45-47 on the healing of duodenal ulcer have
also been conflicting. In the present study, age;
sex; basis of treatment; the duration of ulcer
pain; past history of ulcer disease; alcohol con-
sumption; and ulcer size, depth, and stage
classification did not affect ulcer healing.
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