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Abstract
A double blind study compared the efficacy of
metronidazole in two doses (20 mg/kg, 10 mg/
kg) with placebo in patients with Crohn's
disease. One hundred and five patients partici-
pated but only 56 completed the 16 week study
- 21 were withdrawn for deterioration of symp-
toms, 17 for adverse experiences, and 11 for
protocol violation. Significant improvement in
disease activity as measured by the Crohn's
disease activity index (metronidazole 20 mg/
kg, 97 units; metronidazole 10 mg/kg, 67 units;
placebo -1 unit, p=0002) and serum oroso-
mucoid (metronidazole 20 mg/kg/day, 49; 10
mg/kg/day, 38; placebo, -9, p=0001)) were
detected. Changes in C reactive protein con-
centrations did not achieve significance when
all three groups were considered but were
significant when all metronidazole treated
patients were grouped and compared with the
placebo treated patients (0-8 v -0-9, p<005).
Although patients receiving metronidazole 20
mg/kg/day had a greater improvement in
disease activity than those receiving 10 mg/kg/
day (difference 30 units (95% confidence inter-
vals -27-87), the small sample size may have
precluded the detection of statistical signific-
ance. Preliminary analysis suggests that
metronidazole was more effective in patients
with disease confined to the large intestine or
affecting both small and large bowel than in
those with small bowel disease only. There
were no differences in remission rates between
metronidazole and placebo treated patients.
We conclude that metronidazole warrants
further assessment in the treatment of patients
with active Crohn's disease.

Treatment of Crohn's disease is difficult.
Current medical therapy includes the use of
corticosteroids, 5 acetylsalicylic acid containing
compounds, immunosuppressants, and various
forms of nutritional support. Metronidazole
treatment remains controversial.' Various trials
have provided conflicting results regarding
efficacy and the appropriate dose required.6
This multicentre trial was initiated to assess the
efficacy of metronidazole in the treatment of
Crohn's disease and to determine whether its
effectiveness was dose related. Although early
closure of the trial did not allow sufficient patient

entry to achieve all of the stated goals, enough
patients were enrolled to provide an assessment
of efficacy.

Methods
This double blind placebo controlled multi-
centre trial was conducted between October
1983 and January 1986. It assessed the efficacy of
two regimens of metronidazole - 20 mg/kg/day
and 10 mg/kg/day) - in the treatment of Crohn's
disease. Thirteen centres (10 American, three
Canadian) participated. The protocol was
approved by the institutional review boards at
each centre.

Patients were eligible for enrolment if their
disease activity, as measured by the Crohn's
disease activity index7 score, was greater than
180 and less than 450. Patients had evidence of
Crohn's disease documented either radiologic-
ally8 or endoscopically.9 The extent of disease
was determined either at the time of admission or
by radiological or endoscopic procedures carried
out within the previous year. Patients who had
previously been treated for Crohn's disease were
eligible for inclusion in the trial but all medical
treatment was stopped before entry (steroids,
two months; metronidazole, four weeks; sulpha-
salazine, two weeks). Patients with acute ileitis
or perianal disease with no disease evident above
the rectum were excluded. Patients who were
considered to need surgery in the near future
were not enrolled. Finally, women of childbear-
ing age who were not using an effective form of
birth control (oral contraceptives, intrauterine
devices) were excluded.

Patients were randomly assigned, in the order
in which they were enrolled, to receive either
metronidazole (20 mg/kg or 10 mg/kg) or
placebo, dispensed as two 250 mg tablets three
times a day. Patients were assessed at baseline
and at weeks two, four, eight, 12, and 16. At each
visit the Crohn's disease activity index score was
calculated and serum was drawn for oroso-
mucoid and C reactive protein determination.
Patient compliance was assessed through pill
counts and determination of serum metronida-
zole concentrations.

Patients could be withdrawn from the study if
the activity score was greater than 450 at any time
during the study or if the investigator was of
the opinion that the patient's condition was
worsening.
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STATISTICAL METHODS
The primary analysis was based on changes in
the severity of the subject's illness as determined
by the Crohn's disease activity index, measured
at study entry and termination. Analysis of
activity index subcomponents was also per-
formed using analysis of variance (ANOVA) for
continuous variables (number of stools, abdomi-
nal pain, general wellbeing, haematocrit and
weight deviation) and X2 testing for changes in
categorical variables (number of complications,
taking opiate antidiarrheal medications, pres-
ence of an abdominal mass). Using the intent to
treat rule, all patients who received at least one
dose of study medication were included. An
ANOVA of the change in Crohn's disease
activity index score (final minus initial) was
performed with treatment and study centre as
factors. In some centres insufficient patients
were enrolled to carry out this analysis. When an
overall test for treatment group differences was
found to be significant (p<005) the Bonferroni
method of adjusting for multiple comparisons
was used to make specific treatment compari-
sons.
For purposes of comparison with previous

studies, an arbitrary definition of remission was
taken as the achievement of an activity index of
less than 150. This criterion was not used to
judge the success of active drug regimens as it
had not been defined at the onset of the study as
a response criterion.

Secondary assessments included determina-
tion of changes in plasma orosomucoid and C
reactive protein values. In an attempt to examine
further the effect of metronidazole in Crohn's
disease, the two active treatment groups were
combined and compared with the placebo group
to examine the effect of metronidazole when
stratified by disease location.

TABLE I Demographic characteristics ofthe 99 patients who participated in the trial. The three
groups are comparable, although placebo treated patients tended to have lower disease activity
indices (CDAI) on entry to the trial compared with actively treated patients

Metronidazole Metronidazole
(10 mglkg) (20 mg/kg) Placebo

No enroled 33 30 36
Disease location:

Small intestine (%) 15 (46) 9 (30) 16 (45)
Small/large intestine 14 (42) 17 (57) 16 (45)
Large intestine (%) 4 (12) 4 (13) 4 (10)

Previous treatment:
Surgery (%) 14 (42) 10 (33) 12 (33)
Steroid use (%) 17 (52) 20 (68) 25 (69)
Sulphasalazine use (%) 26 (79) 21 (70) 26 (72)

Entry data (mean (SD))
CDAI 282 (67) 313 (71) 280 (61)
Orosomucoid 137 (45) 137 (56) 121 (59)
Creactiveprotein 2-8(3-0) 2 6(3 0) 1-7(1-7)

Analysis of variance, p<0 10.

TABLE I Length oftime patients remained in the study and reason for premature termnination
ofall treatment groups. There are no significant differences between groups

Metronidazole Metronidazole
(10 mg/kg) (20 mg/kg) Placebo

Time in study (weeks (%)):
>2 32/33 (97) 29/30 (97) 34/36 (94)
>4 31/33 (94) 27/30 (90) 28/36 (78)
>8 27/33 (82) 22/30 (77) 23/36 (56)
> 12 22/33 (67) 20/30 (67) 19/36 (53)
>16 21/33 (64) 19/30 (63) 16/36 (44)

Reason for stopping:
Adverse event 4 2 8
Worsening disease 5 6 10
Protocol violation 3 3 2

Results

PATIENT CHARACTERISTICS (Tables I and II)
One hundred and five subjects entered the
study before its premature discontinuation. Six
patients were removed from the analysis either
because their entry Crohn's disease activity
index score was greater than 450 (2) or with-
drawal either because of serious side effects (2) or
protocol violations (2) prevented calculation of
the final score. This report therefore presents the
results of treatment in 99 patients. The number
of patients enrolled per centre ranged from one
to 17 with 77% (76 of 99) drawn from six centres.
A log of patients rejected for entry into the study
was not kept. Fifty six patients completed the
full 16 weeks of the study (Table II). Twenty one
patients were withdrawn by the investigators
because of either worsening symptoms or lack of
improvement (placebo 10, metronidazole 11).
Fourteen patients (placebo (8), metronidazole
(6)) were withdrawn because of an adverse event
(see below). Eight patients (placebo (2), metro-
nidazole (6)) withdrew because ofprotocol devia-
tions (non-compliance with study medication
(5), non-compliance with study visits (1),
positive pregnancy test (1), lost to follow up (1)).
There were no significant differences either in
the number who withdrew or time to withdrawal
between allrthree groups.
The three treatment groups were comparable

in terms of the men:women ratio, age, weight,
height, and serum orosomucoid and C reactive
protein values (Table I). Similarly, there were
no differences with regard to disease location,
previous surgery, and previous medications
between treatment groups. Patients who were
randomised to placebo tended to have a lower
Crohn's disease activity index score on study
entry compared with those receiving metronida-
zole, but the differences did not reach statistical
significance.

CROHN S DISEASE ACTIVITY INDEX (Tables III
and IV and Figure)
The primary measure of efficacy was a change in
the activity index score. These changes along
with 95% confidence intervals for each treatment
group are shown in Table III for all 99 patients.
For patients who withdrew from the study, the
final score calculated before discharge was used.
As can be seen, there were significant differences
in the change in disease activity index score for
patients receiving either dose of metronidazole
compared with placebo. A higher proportion of
patients in the metronidazole groups than in the
placebo group finished the trial with a disease
activity score below 150 (arbitrarily defined as
remission). However, the difference in pro-
portions did not reach statistical significance.
Changes in the score were not significant when
the two metronidazole treatment groups were
compared with each other.
An analysis of change in activity index sub-

components for continuous variables (number of
stools a day, abdominal pain, sense of wellbeing,
haematocrit, weight) showed only statistically
significant changes in severity of abdominal pain
for patients receiving metronidazole 20 mg/kg
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activity index (number of complications, use of
opiates, presence ofabdominal mass) for patients
receiving metronidazole compared with placebo
treated patients.

In an attempt to define patient groups that
might benefit from metronidazole therapy, the
two metronidazole groups were combined and
compared with placebo and stratified by disease
location (Table IV). Significant reductions in
activity index scores were found in patients with
disease in both small and large intestine and large
intestine alone. Although the activity index score
fell more in metronidazole treated patients with
small bowel disease compared with those receiv-
ing a placebo, the difference was not statistically
significant. There were no significant differences
in response to treatment when patients were
stratified by previous surgery or prior use of
either sulphasalazine or corticosteroids.
The figure presents graphically the response in

Crohn's disease activity index score as well as
duration of treatment for all patients who were
enrolled in the study. The placebo group can be
characterised by the number of early with-
drawals, with only a few patients showing a score
reduction. The metronidazole groups are
characterised by few early withdrawals and a
general decline in the activity index score.

Finally, multiple stepwise regression using
change in the Crohn's disease activity index as

6 the dependent variable with metronidazole,
disease location, previous therapy (cortico-
steroids, sulphasalazine), and history ofprevious
surgery as independent variables was performed.
Use of metronidazole and disease location were
both found to influence significantly (p<00003)
a change in the activity index. Tests for an
interaction between treatment group and disease
location were suggestive ofa relation between the
two but did not reach statistical significance
(ANOVA, 0-05<p<0* 10).

Z A=SERUM OROSOMUCOID AND C REACTIVE PROTEIN

1 Mean changes in C reactive protein and oroso-

10 12 14 6
mucoid values are shown in Tables III and IV.

0 2 4 6 8 10 12 14 16 Evidence of efficacy was again shown. Oroso-
mucoid declined significantly in each treatment

Time (weeks) group compared with the placebo group.
,rohn's disease activity index (CDAI)for all patients characterised by treatment Although the C reactive protein changes did not
tration in study. achieve initial statistical significance, when all

metronidazole patients were combined and com-
pared with patients who received placebo,

(p<0-01). There was a trend toward improve- significant changes were noted.
ment in general wellbeing (p=0 06) and haema-
tocrit (p=0053). There were no significant
changes in the categorical components of the

TABLE III Changes in outcome measures (entry value-value at time ofstudy completion or
withdrawal) with 95% confidence intervals for all groups. A positive sign indicates
improvement, while a negative sign indicates worsening disease. Significant differences in
Crohn's disease activity index (CDAI) and orosomucoid value between metronidazole and
placebo treated patients were detected

Metronidazole Metronidazole
(10 mglkg) (20 mg/kg) Placebo
(n=33) (n=30) (n=36) p value

CDAI +67(26-108) +97(55-139) -1(-37-45) 0-002
Orosomucoid +38 (21-55) +49 (20-70 -9 (-23-5) 0-001
C reactive protein 0 9 (-3-0-1-9) 0-8 (-10-2 7) -0 9 (-1 9-01) NS
Entering remission (%) 36 27 25 NS

ADVERSE EVENTS
There were no significant changes in biochemical
assessments in treatment groups during the
course of the study. At each visit patients were
asked if they had any complaints and were

specifically questioned about symptoms of
neuropathy (numbness, burning sensation in
arms and legs). Fourteen patients were with-
drawn because of an adverse event - eight
receiving placebo and six metronidazole. One
patient on the higher dose of metronidazole
had an intestinal perforation while another
developed severe thrombocytopenic purpura
(both patients were excluded from the final
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TABLE IV Mean change in Crohn's disease activity index (CDAI) (95% confidence intervals)
for all metronidazole treated patients compared with those receiving placebo. A positive sign
indicates improvement in the index

Metronidazole Placebo p value

Mean change in CDAI:
All patients +81 (52-110) (n=63) -1 37-35) (n=36) 0 001
Small intestine +86 (38-134) (n=24) +48 (-6103) (n= 17) NS
Small/large intestine +60 (19-101) (n=31) -43 (-83--3) (n= 15) 0 005
Large intestine + 145 (26-265) (n=8) -61 (n=4) 0 05

Analysis of variance for interaction between treatment and disease location (0 5<p<O 10).

analysis). We believe this is the first reported
case of thrombocytopenia associated with metro-
nidazole treatment.

Other events included gastrointestinal upset
with nausea and vomiting and abdominal pain
(placebo (5), metronidazole (4)). Two patients
(placebo (1), metronidazole (1)) complained of
either hypothesia or paraesthesia. Two placebo
treated patients were withdrawn because of
either a rash or arthralgia. One patient on
metronidazole withdrew because of headaches.

Discussion
Metronidazole is a nitroimidazole compound
originally introduced for the treatment of
trichomonas vaginitis. It was first suggested to be
effective in the treatment of Crohn's disease by
Ursing and Kamme in 1975.2 They reported five
patients with Crohn's disease, most ofwhom had
large bowel involvement, who responded to up
to 20 mg/kg daily of metronidazole. Allan and
Cooke'0 suggested that it would be of particular
benefit to patients with colonic disease in whom
diarrhoea was a particular problem.

Following these reports, a series of controlled
clinical trials of metronidazole were carried out.
In the first,4 22 patients participated in a double
blind crossover study which assessed 1000 mg of
metronidazole daily for two months compared
with placebo. No significant differences were
detected but the patient population was hetero-
geneous with many taking sulphasalazine or
prednisone concurrently. In a subgroup of six
patients with Crohn's colitis, improvement in
diarrhoea, abdominal pain, and sense of well-
being were noted.

In the Swedish cooperative Crohn's disease
study,5 78 patients participated in a crossover
comparison of metronidazole (400 mg bid) and
sulphasalazine (15 gm bid). Each treatment
period lasted four months. Approximately 65%
of patients had either ileocoecal or colonic
disease. In the first phase of the trial both
treatments were found to be equally effective.
Mean Crohn's disease activity index score
declined by 149 in the metronidazole treated
patients compared with 137 in those receiving
sulphasalazine. Twenty five per cent of metro-
nidazole patients achieved a score of<100, as did
39% of those receiving sulphasalazine. Plasma
orosomucoid declined in both groups but
reached significantly lower values in the metro-
nidazole treted group. In the crossover study,
metronidazole was also found to be effective in
patients who failed sulphasalazine treatment
whereas those who received sulphasalazine
having failed with metronidazole did not

improve. Based on the crossover data, the
authors concluded that metronidazole was
slightly more effective than sulphasalazine in the
treatment of Crohn's disease.
A third study evaluated a variety of antibodies

for treatment of active Crohn's disease." Seventy
two patients were randomly assigned to either
metronidazole (400 mg bid), cotrimoxazole (960
mg bid), metronidazole and cotrimoxazole
together, or placebo. After four weeks of treat-
ment no significant differences between the
groups could be detected. The groups were
mixed in terms of disease location, for example,
50% of placebo treated patients had colonic
disease compared with 28% of those receiving
metronidazole. In addition, the small sample size
might have precluded detection of subgroups
that would have benefited.

Subsequently, other investigators'2-4 have
suggested that perianal disease can be effectively
healed or improved in patients treated with
metronidazole at a dosage of 20 mg/kg/day.
These conclusions have never been tested by a
controlled double blind trial.
Why should metronidazole be effective in

Crohn's disease? Two potential mechanisms of
action have been suggested. '5 Metronidazole has
been shown to be an effective broad spectrum
antibiotic with impressive action against
anaerobic bacteria. Perhaps it either sterilises
microabscesses in inflamed tissue or alters gut
flora. Metronidazole has also been reported to
suppress various aspects of cell mediated
immunity,'6 and in this context it may be
functioning as an immunosuppressant rather
than as an antibiotic.

This study showed that metronidazole was
effective in reducing the disease activity as
measured by Crohn's disease activity index
score. The decline in activity index score was
accompanied by a fall in serum orosomucoid as
well. Serum C reactive protein concentrations
fell, and when all metronidazole treated patients
were considered, the decline reached statistical
significance. When all metronidazole patients
were combined it seemed that the effect was most
notable in those who had both small and large
bowel disease (mainly ileocoecal). There was also
evidence of an effect in the large intestine, but
since only 12 patients had disease confined to the
colon, this conlusion should be interpreted
cautiously. The Swedish study found, as we did,
that patients with disease confined to the small
intestine did not respond as favourably to treat-
ment. It is not clear whether the benefit seen in
patients with disease in both large and small
bowel is derived from improvement in the
colonic segment alone or in the small bowel as
well.
The lack of statistical significance in the

difference in proportion of patients in active and
placebo treatment groups finishing the trial in
'remission' may reflect the arbitrary definition of
remission as an activity index score of less than or
equal to 150. The possibility of a type II (Ii) error
cannot be excluded. Nevertheless, as can be seen
graphically, more metronidazole treated than
placebo treated patients had a decline in score
during the study period.

Inferences drawn from the analysis of the
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subcomponents of Crohn's disease activity index
should be interpreted with caution as the
statistical power of these analyses is low. An
improvement in abdominal pain and a trend for
improvement in haematocrit, sense of wellbeing,
and weight are noteworthy. The study was
unable to detect a significant difference in the
effectiveness of 10 mg/kg metronidazole v 20 mg/
kg. Resolution of this issue would require a
much larger trial. Calculation of the confidence
intervals indicates that a significance difference
between the two dosage regimens remains poss-
ible but such a difference is not assured.

This study shows, however, that placebo
controlled studies remain feasible and do not
seem to expose patients to unacceptable risks.
The use of a placebo is the probable explanation
for the high dropout rate related to worsening of
the disease. In most of these cases the patients
were withdrawn by their physicians because of
a failure to improve clinically rather than a
dramatic change in their activity index score. It
may have been that either patient or physician
suspected that they were receiving a placebo and
did not wish to continue in the trial. In this
study, 20 of 36 patients randomised to placebo
did not complete the trial compared with 23 of
the 63 who received active treatment.

Side effects for patients participating in the
study were few and reversible. This study was
not designed to assess the long term safety of
chronic therapy with metronidazole. Although
only a few patients receiving metronidazole
complained of symptoms of a peripheral neuro-
pathy (as did one patient on placebo), studies of
patients taking the medication for more than
four months report a prevalence for neuropathy
as high as 85%.'7 Theoretical concerns remain
based on the potential carcinogenic, mutagenic,
and teratogenic effects of metronidazole.3 18

In conclusion, metronidazole treatment was
associated with declines in the Crohn's disease
activity index score and in orosomucoid and
C reactive protein values. Although a low
remission rate was encountered, we believe
that further evaluation of metronidazole is
appropriate.
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