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Abstract

AIM: To assess the safety of bismuth used in Helico-
bacter pylori (H pylori) eradication therapy regimens.
METHODS: We conducted a systematic review and
meta-analysis. MEDLINE and EMBASE were searched (up
to October 2007) to identify randomised controlled tri-
als comparing bismuth with placebo or no treatment, or
bismuth salts in combination with antibiotics as part of
eradication therapy with the same dose and duration of
antibiotics alone or, in combination, with acid suppres-
sion. Total numbers of adverse events were recorded.
Data were pooled and expressed as relative risks with
95% confidence intervals (CI).

RESULTS: We identified 35 randomised controlled tri-
als containing 4763 patients. There were no serious
adverse events occurring with bismuth therapy. There
was no statistically significant difference detected in
total adverse events with bismuth [relative risk (RR) =
1.01; 95% CI: 0.87-1.16], specific individual adverse
events, with the exception of dark stools (RR = 5.06;
95% CI: 1.59-16.12), or adverse events leading to
withdrawal of therapy (RR = 0.86; 95% CI: 0.54-1.37).
CONCLUSION: Bismuth for the treatment of H pylori
is safe and well-tolerated. The only adverse event oc-
curring significantly more commonly was dark stools.
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INTRODUCTION

Bismuth salts have been used for centuries in medi-
cine. From a gastroenterology perspective these drugs
have been used to treat peptic ulcer disease, dyspepsia,
parasitic infections, microscopic colitis, and infectious
diarrhoea". The discovery of Helicobacter pylori (H pylori)
in 1983 by Warren and Marshall revolutionised the man-
agement of peptic ulcer disease”, and led to a renewed
interest in bismuth compounds, largely because bismuth
was found to inhibit the growth of H pylori and was ef-
fective in eradicating the organism (when combined with
antibiotics ot in combination with antibiotics and acid
suppression therapy™").

The first randomised controlled trial (RCT) of
bismuth in H pylori-positive individuals suggested that
bismuth was superior to erythromycin monotherapy
in eradicating the infection”. A further RCT of 6 wk
of colloidal bismuth subcitrate versus cimetidine, in
H pylori-positive duodenal ulcer patients, demonstrated
that bismuth successfully eradicated the bacterium in
up to 50% of patients'”. Subsequently, an RCT of both
colloidal bismuth subcitrate and cimetidine, alone ot in
combination with tinidazole, confirmed that colloidal
bismuth subcitrate and tinidazole cleared the infection in
almost 75% of patientsm. With the addition of a second
antibiotic, tetracycline or amoxicillin, eradication rates in
later RCTs exceeded 80%™ ", However, there were some
problems associated with bismuth-based triple therapy,
which included the number of tablets patients were re-
quired to take, the duration of therapy, and side effects
such as altered taste, nausea, and diarrhoea.
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There are a variety of bismuth salts currently avail-
able on the market. All are inorganic, poortly soluble and
therefore less than 1% is typically absorbed systemi-
cally[“]. Blood concentrations of bismuth do rise when
these compounds are ingested however, and there is
therefore the potential for toxicity, though levels less
than 50 pg/ml are unlikely to be associated with any
meaningful toxicity in man"". In the 1970s, high doses
of bismuth salts were used for long periods and were
associated with neurotoxicity. In France, there were al-
most 1000 cases of bismuth-associated encephalopathy
of which 72 were fatal". The doses of bismuth used in
H pylori eradication are administered for a much shorter
duration, typically 1 to 2 wk. In a recent bioavailability
study, where bismuth salts were given in combination
with omeprazole for 6 d"'?, plasma levels of bismuth re-
mained well below 50 ug/ ml., but a review of their safe-
ty profile would provide additional evidence that such
low doses of bismuth, given for a short period of time,
do not expose patients to undue risks. We have there-
fore conducted a systematic review and meta-analysis
of available published literature to assess the magnitude
of the risk of adverse events experienced when bismuth
salts are used, either alone or in combination with one or
more antibiotics, to eradicate H pylor.

MATERIALS AND METHODS

Outcomes assessed

Primary outcomes: The primary aim of this systematic
review and meta-analysis was to assess the total number
of adverse events occurring following treatment for
H pylori with bismuth compounds, either alone, or in
combination with antibiotics and/or acid suppression
therapy, compared to treatment with antibiotics alone,
acid suppression therapy alone, a combination of the
two, ot no treatment/placebo.

Secondary outcomes: The secondary aims were to
evaluate the number of specific individual adverse events
occurring and the number of withdrawals of therapy
due to adverse events, and to assess the effect of long-
term (defined as 1 mo or more) therapy on number of
adverse events (both total number and by specific cat-
egory) and withdrawals due to adverse events.

Eligibility criteria

Types of studies: In order to best estimate adverse
events that were directly attributable to the use of bis-
muth, studies were only eligible for inclusion in this
systematic review if they were RCTs that compared bis-
muth monotherapy with either acid suppression therapy
alone, placebo, or no treatment, or compared bismuth
compounds in combination with either antibiotics, or
antibiotics and acid suppression therapy as part of a
recognised efficacious eradication regimen with an iden-
tical dose and duration of antibiotics either alone or in
combination with acid suppression therapy. We defined
an efficacious bismuth-containing eradication regimen as
any one of: bismuth triple therapy (bismuth in combina-
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tion with two antibiotics); bismuth quadruple therapy
(as for triple therapy, but with the addition of acid sup-
pression therapy); or ranitidine bismuth citrate dual (with
one antibiotic) or triple (with two antibiotics) therapy.

Types of participants: Patients were required to be
H pylori-positive adults (over the age of 16 years) taking
any bismuth compound for more than 1 d with a com-
parison group of H pylori-positive patients who were not
taking bismuth.

Types of assessment: Bismuth toxicity had to be as-
sessed and recorded using one or more of the following
methods: medical databases; face-to-face interviews;
telephone interviews; symptom diaries; or question-
naire in order for studies to be eligible for inclusion. The
questionnaire used was not required to be previously
validated but, if there were sufficient studies using ques-
tionnaires, we aimed to assess the impact of this in a
sensitivity analysis.

Types of outcome measures: The proportion of pa-
tients that reported any adverse event and the propor-
tion experiencing specific individual adverse events were
assessed wherever trial reporting allowed this.

Search strategy and identification of eligible studies

Search strategy: Two authors performed searches of
the medical literature to identify articles from MEDLINE
(from 1966 up to October 2007), EMBASE (from 1988 up
to October 2007), and the Cochrane Library and Current
Contents electronic databases. RCTs using bismuth salts
were identified using the medical subject heading term
“bismuth”. These studies were combined using the set op-
erator and with papers that used a variety of free text terms
including “Denol”, “Pepto-Bismol”, “bismuth”, “subsali-

2« EEINNT3

cylate”, “tripotassium dicitrato bismuthate”, “subnitrate”,

3« »

“subgallate”, “ranitidine bismuth citrate”, “pylorid”,
“quadruple therapy”, “pylera”, and “bismuth subcitrate
potassium”. There were no language restrictions, and pa-
pers published in abstract form only were also eligible for
inclusion in the review. The abstracts of all papers identi-
fied by the initial search were evaluated for appropriateness
to the study question, and all potentially relevant studies
were retrieved and examined in greater detail to determine
whether or not they met all eligibility criteria. The bibliog-
raphies of identified studies were then used to perform a
recursive search of the literature to identify other poten-
tially eligible studies. In addition, Digestive Disease Week,
United European Gastroenterology Week, and European
H pylori Study Group conference abstract books between
2000 and 2007 were hand-searched.

Selection of studies: Two reviewers screened all titles
and abstracts of trials that were identified by the search
strategy as being potentially eligible for inclusion in the
systematic review to confirm or refute eligibility. This
was performed using pre-designed eligibility forms. A
third reviewer adjudicated where any disagreements
arose, and a consensus view was taken.
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Assessment of study quality: The quality of studies
was assessed according to the following pre-defined cri-
teria: method of assessment of occutrence of adverse
events (interview, diary, and questionnaire), generation
of randomisation schedule, method of allocation of
concealment, and blinding of assessor as to patient allo-
cation to therapy.

Data extraction

Data concerning total number of adverse events and
number of specific individual adverse events were
extracted on to specially developed forms by two
reviewers and all data extraction was checked by a third
reviewer. These verified data were then entered onto a
Microsoft Excel spreadsheet (XP professional edition;
Microsoft Corp, Redmond, WA, USA), and again this was
double-checked by a third reviewer. Trial characteristics
including setting (population-based, primary care,
secondary care), country of origin, number of centres
involved, duration of bismuth therapy and dosage
schedule, type of bismuth compound, mean age of
included patients, and proportion of male patients were
recorded to allow exploration of potential reasons for any
heterogeneity detected between trial results.

Data synthesis and statistical analysis

Data were extracted as dichotomous outcomes and
pooled using a random effects model"”, where sufficient
data were available. The impact of bismuth therapy on
the incidence of total and specific individual adverse
effects versus comparison regimen was expressed as a
combined relative risk (RR) with a 95% confidence
interval (CI). The number needed to harm with bismuth
therapy to cause one adverse event, and a 95% CI,
were calculated as the reciprocal of the risk difference
from the meta-analysis, and where this was statistically
significant the results were reported.

Due to differences in methodology, patient popula-
tions, and outcome measures between eligible trials,
the results of individual studies can be very diverse and
therefore when they are included in the same meta-
analysis this may affect the accuracy of the overall result.
This inconsistency within a single meta-analysis can be
quantified with a statistical test of heterogeneity, to as-
sess whether the variation across trials is due to true
heterogeneity, or chance. This quantity is termed I*, and
its value ranges from 0 to 100 percent, with 0 percent
representing no observed heterogeneity, and larger val-
ues indicating increasing heterogeneity. A value below 25
percent is arbitrarily chosen to represent low levels of
heterogeneity". Where the degree of statistical hetero-
geneity is greater than this, clinical reasons within indi-
vidual trials that may account for some of this inconsist-
ency can be explored. Wherever statistically significant
heterogeneity existed between trial results in this system-
atic review, possible explanations were investigated in-
formally using sensitivity analyses. These are exploratory
only, and may explain some of the observed variability,
but the results should be interpreted with caution.

All statistical analyses were performed using Stats

Studies identified in literature
search (7 = 1800)

Excluded (title and abstract suggested
not appropriate) (7 = 1251)

Studies retrieved for
evaluation (7 = 549)

Excluded (7 = 514) because:

Not conducted in A pylori-positive
patients

Not randomised

No adverse events data collected
Not containing the regimens of
interest

Not containing identical dose and
duration of antibiotics

Duplicate publications

Studies eligible for inclusion
(n=35)

Figure 1 Flow diagram of assessment of studies identified in the systematic
review.

Direct version 2.2.4 (Stats Direct Ltd, Sale, Cheshire,
UK), which was used to generate Forest plots of pooled
relative risks for total adverse event rates and specific in-
dividual adverse event rates by category, as well as funnel
plots to assess for evidence of publication bias.

RESULTS

Selection of eligible studies

The search strategy identified 1800 studies, of which 549
were possibly eligible. After reviewing the abstracts of
these it became clear that 209 were RCTs of bismuth, and
these were retrieved for further assessment. Of these,
35 were eligible for inclusion in the meta-analysis™">™*,
reporting on 4763 H pylori-positive patients, 2435 of
whom received bismuth or bismuth-based regimen, and
2328 received a comparison regimen (Figure 1). Thirty-
three of the trials were found in fully published form,
and two were only published as abstracts”™*!. Seven
of the RCTs used more than one bismuth-containing

. [7,20,31,34,35,41,47]
thlIl’lCIl .

Trial characteristics
Detailed trial characteristics are provided in Table 1.

Nineteen of the trials were conducted in Europe!™"™*"

23-25,27-30,37,40,42-45 47] eight in the Far East21223235363840.45)
b b
four in the USAP" " one in the Middle East™, one
in South America”
multi-national study””. Eleven of the studies were multi-
centre RCTs!">?H>>277 230448 Iy ration of bismuth
therapy ranged from 7 to 56 d, with a total daily dose
of between 400 mg and 2100 mg. Nineteen studies used
T . . [15,17,20,22,24,28-32,34,36,39-41,43 45 46,
ranitidine bismuth citrate
studies colloidal bismuth subcitrate R
two studies tripotassium dictrato bismuthate™”, two
studies bismuth subsalicylate”” one study bismuth

subnitrate!'”, and one study both bismuth subnitrate and

. .07
, one in Australia”, and one was a

48]
| ten
[7,16,18,21,26,27,37,38,42,44]

35)
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Study Country No. of Bismuth  Duration Total dose Method of  Generation of Method of Double-
centres compound of bismuth (mg/d) collection of randomization concealment blind
used' therapy used adverse event schedule of allocation
(days) data provided provided
Bujanda 2001™ Spain and Portugal Multi-centre RBC 7 800 Unclear Yes No Yes
Burette 1992 Belgium 1 CBS 10 480 Unclear No No No
Buzas 2001"" Hungary 1 RBC 7 800 Unclear No No No
Carpintero 1997 Spain 1 CBS 42 480 Unclear Yes No No
Carvalho 1998 Brazil 1 BSN 14 1200 Unclear No No No
Catalano 2000 Italy 1 RBC 10 800 Questionnaire Yes No Yes
Chuang 2001 Taiwan 1 RBC 7 800 Unclear No No Yes
Dal Bo 1998 Italy 1 TDB 14 480 Unclear No No No
Danese 20017 Italy 1 RBC 7 800 Validated No No No
questionnaire
Eberhardt 1990*" Germany 4 BSS 28 1800 Unclear No No No
Fakheri 2004 Iran 1 CBS 14 480 Unclear Yes No No
Forne 1995 Spain 1 CBS 7 480 Diary cards No Yes No
Gasbarrini 2000%" Italy 1 RBC 7 800 Validated No No No
questionnaire
Georgopoulos 1999* Greece B RBC 7 800 Unclear No No No
Gisbert 2000 Spain 1 RBC 7 800 Unclear Yes No No
Graham 1998 UsA 111 RBC 28 800 Unclear No No Yes
Hung 2002 Hong Kong 3 RBC 7 800 Diary Yes Yes No
Lanza 1989 UsA 1 BSS 21 2100 Unclear No No Yes
Lanza 1998 USA 47 RBC 28 800 Diary cards No No Yes
Liu 1999 China 1 TDB 7 480 Diary No No No
Mao 2000 Vietnam 1 RBC 10 400 Diary No No No
Marshall 1988 Australia 1 CBS 56 480 Unclear No No Yes
Masci 19957 Ttaly 1 CBS 28 to 56 480 Unclear Yes No Yes
Nafeeza 1992 Malaysia 1 CBS 28 480 Unclear No No Yes
Pare 1999°”) Multi-national Multi-centre RBC 28 800 Unclear Yes No Yes
Perri 2002'*") Italy 1 RBC 7 800 Questionnaire No No No
Peterson 1996*" USA 38 RBC 28 800 Unclear No No Yes
Rokkas 1988 UK 1 CBS 56 480 Unclear No No Yes
Spadaccini 1998 Italy 1 RBC 7 800 Face-to-face No No No
interview
Spiliadis 1998 Greece 3 CBS 14 1200 Unclear No No No
Spinzi 2000 Italy 6 RBC 7 800 Face-to-face No No No
interview
Sung 1998 Hong Kong 1 RBC 7 800 Telephone No No No
interview
Whitehead 2000"”! UK 1 CBS and 28 Unclear Unclear Yes Yes Yes
BSN
Wong 20014 Hong Kong 1 RBC 7 800 Diary Yes Yes No
Xiao 2001 China Multi-centre CBS 7 480 Diary No No No

'BSN: Bismuth subnitrate; BSS: Bismuth subsalicylate; CBS: Colloidal bismuth subcitrate; RBC: Ranitidine bismuth citrate; TDB: Tripotassium dictrato

bismuthate.

colloidal bismuth subcitrate!”. Comparison regimens
were proton pump inhibitor or H,-receptor antagonist
(H,-RA)-based eradication therapy in 23 studies
, antibiotics alone in four studies'
antibiotics or placebo in three studies” " H,-RA alone
in two studies™””, placebo alone in two studies
and H,-RA in combination with either one antibiotic or
placebo in one studym. The mean age of individuals in
included studies ranged from 36.7 years to 50.5 years,
and the proportion of male patients varied between 32
percent and 78 percent. The number of participants in

32,35,36,30,40,43,45 46 48]

(47

each RCT ranged from 20 to 530 individuals.

Trial quality

Thirteen of the trials were double-blind randomised
, the remainder being either
single-blind or open. Five of the single-blind trials

studies'

www.wjgnet.com

7,15,20,22,31,33,34,37-39,41,42,47]

[15,17-24,26-30,

16,38,44.47]
b

[33,42]

specifically stated that assessors were blinded to treatment
allocation™"*******l Ten of the studies reported the
method of generation of the randomization schedule!™"™

”””” . but only four the method of concealment
of allocation”>"* Four of the studies recorded adverse
events using a questionnaire[20’24’28’40], but only two of these
stated that the questionnaire was validated”**. Seven
studies collected information concerning adverse events
using a diary or diary cards®*> wwo via face-to-
face interview™"! and one via telephone interview!™.
The remainder of trials did not state how they collected
adverse events data.

Total number of adverse events with bismuth or bis-
muth-containing regimen versus comparison regimen

There were no serious adverse events such as death
or neurotoxicity in either arm of any of the included
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Adverse event Number  Total Number of Number of  Number of Number of Relative risk of adverse events
of trials number patients in patients in adverse events adverse events in with bismuth versus
of bismuth  comparison in bismuth  comparison arms comparison regimen
patients arms arms arms (%) (%) (95% CI)
Any 25 3180 1585 1595 431 (27.2) 419 (26.3) 1.01 (0.87-1.16)
Abdominal pain 13 2439 1221 1218 63 (5.2) 61 (5.0) 1.06 (0.64-1.74)
Dark stools 4 467 233 234 39 (16.7) 5(2.1) 5.06 (1.59-16.12)
Diarrhoea 22 3406 1761 1645 124 (7.0) 113 (6.9) 1.01 (0.72-1.42)
Dizziness 8 1630 867 763 54 (6.2) 49 (6.4) 1.18 (0.81-1.72)
Headache 14 2433 1276 1157 41 (3.2) 28 (2.4) 1.31 (0.81-2.11)
Metallic taste 14 2475 1260 1215 124 (9.8) 116 (9.6) 1.02 (0.81-1.28)
Nausea and/or vomiting 20 3417 1767 1650 111 (6.3) 86 (5.2) 1.16 (0.89-1.52)
Leading to withdrawal of therapy 28 3951 2033 1918 33 (1.6) 38 (2.0) 0.86 (0.54-1.37)

RCTs. Twenty-five trials reported the total number of
individuals experiencing any adverse event with bismuth
or bismuth-containing regimens versus comparison regi-
men!13202327.3032,33.954042,4845.4748] g 6 (hece ctud-
ies utilized more than one regimen[20’35’47], allowing 28
comparisons to be made. The relative risk of an adverse
event with bismuth or bismuth-containing regimens ver-
sus comparison regimen was 1.01 (95% CI: 0.87 to 1.16)
(Figure 2 and Table 2). There was statistically significant
heterogeneity detected between trial results (heterogene-
ity test: I” = 30.3%). The Egger test did not suggest any
trend for funnel plot asymmetry (P = 0.16). Sensitivity
analysis according to trial setting, country of origin, dose
of bismuth salt used, type of bismuth salt used, mean
age of patients included in the study, and proportion of
males included in the study failed to reveal any obvious
explanation for the observed heterogeneity.

Number of specific individual adverse events with bis-
muth or bismuth-containing regimen versus comparison
regimen

Abdominal pain: Thirteen trials reported the total
number of individuals experiencing abdominal pain with
bismuth or bismuth-containing regimens versus com-
pafisofl regimen[l7,18,2[),21,24,26,28,3(),34,3‘),40,4(),47]' Three Of thCSC
studies utilized more than one regimen[20’34’47], allowing
16 comparisons to be made. The relative risk of abdomi-
nal pain with bismuth or bismuth-containing regimens
versus comparison regimen was 1.06 (95% CI: 0.64 to
1.74) (Table 2). There was no statistically significant het-
erogeneity detected between trial results (heterogeneity
test: I = 22.0%), and the Egger test did not suggest any
trend for funnel plot asymmetry (P = 0.15).

Dark stools: Four trials reported the total number of
individuals experiencing dark stools with bismuth or
bismuth-containing regimens versus comparison regi-
men""*?** The relative risk of dark stools with bis-
muth or bismuth-containing regimens versus compari-
son regimen was 5.06 (95% CI: 1.59 to 16.12) (Figure 3
and Table 2). There was marginal statistically significant
heterogeneity detected between trial results (heterogene-
ity test: I = 25.2%), but no obvious causes were found,
and the Egger test did not suggest any trend for fun-
nel plot asymmetry (P = 0.28). The number of patients

Relative risk meta-analysis plot (random effects)

Bujanda 2001 —— 0.97 (0.61, 1.53)
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Perri 2002 _ 1.01 (0.28, 3.59)
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Spiliadis 1998 (excluded)
Spinzi 2000 _ 0.98 (0.28, 3.49)
Whitehead 2000 - 1.33 (0.83, 2.19)
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Wong 2001 3 1.38(1.12, 1.73)
Combined (r‘andom) L L@ L 1.01 (0.87, 1.16)

0.01 0102051 2 510 100

Relative risk (95% confidence interval)

Figure 2 Forest plot of trials of bismuth or bismuth-containing regimens
versus comparison regimen examining the effect on relative risk of any
adverse event.

needed to harm with bismuth or bismuth-containing
regimen versus comparison regimen to cause one case

of dark stools was 7.5 (95% CI: 4 to 71).

Diarrhoea: Twenty-two trials reported the total number
of individuals experiencing diarrhoea with bismuth
or bismuth-containing regimens versus comparison
. [7,17,18,20,24-28 30-32,34,36,39-42,45-48] - .
regimen . Six of these studies
. . [7,20,31,34,41,47] .
utilized more than one regimen , allowing 28
comparisons to be made. The relative risk of diarrhoea
with bismuth or bismuth-containing regimens versus
comparison regimen was 1.01 (95% CI: 0.72 to 1.42)
(Table 2). There was marginal statistically significant het-
erogeneity detected between trial results (heterogeneity

www.wjgnet.com
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Relative risk meta-analysis plot (random effects)

Buzas 2001 L 42.31 (5.68, infinity)
Rokkas 1988 - 5.30 (0.57, infinity)
Sung 1998 L] 4.00 (0.63, 26.18)
Wong 2001 4— 3.00 (1.07, 8.59)
Combined (random) # 5.06 (1.59, 16.12)
L L L L I}
0.5 1 2 5 10 100

Relative risk (95% confidence interval)

Figure 3 Forest plot of trials of bismuth or bismuth-containing regimens
versus comparison regimen examining the effect on relative risk of dark
stools.

test: I = 26.2%), but no obvious causes were found, and
the Egger test did not suggest any trend for funnel plot
asymmetry (P = 0.75).

Dizziness: Eight trials reported the total number of
individuals experiencing dizziness with bismuth or
bismuth-containing regimens versus comparison regi-
[21,26,31,32,35,41,46,48] . .
men . Three of these studies utilized more
. [31,35.41] . .
than one regimen , allowing 11 comparisons to be
made. The relative risk of dizziness with bismuth or bis-
muth-containing regimens versus comparison regimen
was 1.18 (95% CI: 0.81 to 1.72) (Table 2). There was no
statistically significant heterogeneity detected between
trial results (heterogeneity test: I° = 0%), and the Egger
test did not suggest any trend for funnel plot asymmetry

(P = 0.20).

Headache: Fourteen trials reported the total number
of individuals experiencing headache with bismuth or
bismuth-containing regimens versus comparison regi-
men!'"1BEOIIIIALIA Bive of these studies utilized
more than one regimen[zo’m‘ﬂ’“‘“], allowing 19 compari-
sons to be made. The relative risk of headache with bis-
muth or bismuth-containing regimens versus comparison
regimen was 1.31 (95% CI: 0.81 to 2.11) (Table 2). There
was no statistically significant heterogeneity detected
between trial results (heterogeneity test: I’ = 0%), and
the Egger test did not suggest any trend for funnel plot
asymmetry (P = 0.83).

Metallic taste: Fourteen trials reported the total number
of individuals experiencing metallic taste with bismuth
or bismuth-containing regimens versus comparison regi-

enl! PRI RBE Foue of these studies utilized
more than one regirnen[Z()’34‘35‘41], allowing 18 comparisons
to be made. The relative risk of metallic taste with bis-
muth or bismuth-containing regimens versus comparison
regimen was 1.02 (95% CI: 0.81 to 1.28) (Table 2). There
was no statistically significant heterogeneity detected be-
tween trial results (heterogeneity test: I’ = 0%), though
the Egger test suggested there was funnel plot asymmetry
(P =0.01).
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Nausea and/or vomiting: Twenty trials reported the
total number of individuals expetiencing nausea and/or
vomiting with bismuth or bismuth-containing regimens
versus Compafison regimen[17,18,20,21,24-28,30»32,34,35,3‘)-42,46,47].
Six of these studies utilized more than one regi-
men?*? A allowing 26 compatisons to be made. The
relative risk of nausea and/or vomiting with bismuth or
bismuth-containing regimens versus compatison regimen
was 1.16 (95% CI: 0.89 to 1.52) (Table 2). There was no
statistically significant heterogeneity detected between trial
results (heterogeneity test: I° = 0%), and the Egger test
did not suggest that there was any evidence of funnel plot
asymmetry (P = 0.85).

Withdrawal of therapy due to adverse events with bismuth
or bismuth-containing regimen versus comparison
regimen

Twenty-eight trials reported the total number of individu-
als who terminated therapy due to experiencing adverse
events with bismuth or bismuth-containing regimens
versus comparison regimen““8’20’22’32’34’37’39’43’45’48]. Six of
these studies utilized more than one regimenpw’M’ LA
allowing 34 compatisons to be made. The relative risk of
withdrawal of therapy due to adverse events with bismuth
or bismuth-containing regimens versus comparison regi-
men was 0.86 (95% CI: 0.54 to 1.37) (Table 2). There was
no statistically significant heterogeneity detected between
trial results (heterogeneity test: I° = 0%), though the Eg-
ger test suggested that there was evidence of funnel plot
asymmetry (P = 0.05).

Effect of duration of bismuth therapy on incidence of
adverse events

The duration of bismuth therapy was one month or
more in eleven of the included studies™'**"**

There were sufficient trials to pool data to examine
the effect of duration of therapy on total number of
adverse events, some of the specific individual adverse
events (including diarrhoea, headache, and nausea and/
or vomiting), and withdrawal of therapy due to adverse
events.

Total number of adverse events: Seven trials provided
data on total number of adverse events in 945 individu-
als (467 of whom were assigned to bismuth)!'**>*" %1
and one study utilized more than one regimen allowing
eight comparisons to be made”. The relative risk of an
adverse event with bismuth or bismuth-containing regi-
mens used for one month or more versus comparison
regimen was 1.20 (95% CI:1.00 to 1.44), with no statis-
tically significant heterogeneity detected between trial
results (heterogeneity test: I = 0%).

Diarrhoea: Nine studies provided data on the incidence
of diarrhoea with one month or more of bismuth in
1601 patients (859 of whom were assigned to bis-
muth) 182 with five of the studies utilizing
more than one regimen allowing fourteen comparisons
to be made™"****"|, The relative risk of diarrhoea with
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bismuth or bismuth-containing regimens used for one
month or more versus comparison regimen was 1.72
(95% CI: 1.14 to 2.60), with no statistically significant
heterogeneity detected between trial results (heterogene-
ity test: I> = 0%).

Headache: Seven studies provided data on the inci-
dence of headache with one month or more of bismuth
in 1435 patients (778 of whom were allocated to bis-
muth)"*# Y ith four of the studies utilizing
more than one regimen allowing eleven comparisons
to be made””**"*" The relative risk of headache with
bismuth or bismuth-containing regimens used for one
month or more versus comparison regimen was 1.39
(95% CI: 0.76 to 2.53), with no statistically significant
heterogeneity detected between trial results (heterogene-
ity test: I = 0%).

Nausea and/or vomiting: Eight studies provided data
on the incidence of nausea and/or vomiting with one
month or more of bismuth in 1501 patients (810 of
whom were allocated to bismuth)!"®*>*H*#824 iy
four of the studies utilizing more than one regimen al-
lowing twelve comparisons to be madeP?**" Y The
relative risk of nausea and/or vomiting with bismuth
or bismuth-containing regimens used for one month or
more versus comparison regimen was 1.47 (95% CI: 0.87
to 2.48), with no statistically significant heterogeneity de-
tected between trial results (heterogeneity test: I = 0%).

Withdrawal of therapy due to adverse events: Nine
studies provided data on the incidence of withdrawal of
therapy due to adverse events with one month or more
of bismuth in 1554 patients (837 of whom were allocat-
ed to bismuth)!"**?H Y Gith four of the studies
utilizing more than one regimen allowing thirteen com-
parisons to be made”**"Y The relative risk of with-
drawal of therapy due to adverse events with bismuth
or bismuth-containing regimens used for one month or
more versus comparison regimen was 0.86 (95% CI: 0.47
to 1.57), with no statistically significant heterogeneity de-
tected between trial results (heterogeneity test: I” = 0%).

DISCUSSION

This is, to our knowledge, the first systematic review and
meta-analysis to examine the safety profile of bismuth
compounds used either alone or in combination with
antibiotics for the treatment of H pylori infection, or
H pylori-related diseases. This information is very
important because there have been previous concerns
surrounding the issue of potential for toxicity with use
of the drug in some countries, particularly in France,
where severe neurological adverse events related to the
prolonged use of bismuth, given in large quantities, led
to the complete withdrawal of all bismuth compounds.
This is in contrast to much of the rest of the world,
particularly North America, where these drugs are still
available without prescription over the counter.
Serfontein e a/'", when reviewing blood bismuth

levels in patients following administration of therapeutic
bismuth formulations, concluded that levels less than
50 pg/mL were highly unlikely to be associated with any
meaningful toxicity in man. The authors also reported
site-specific toxicity issues depending on whether the
complexes of bismuth were water or lipid soluble, the
former being associated with renal toxicity, the latter
with neurotoxicity. In both cases the doses used and the
duration of treatment leading to such adverse effects
were much greater than the ones used in the context of
H pylori eradication therapy. When bismuth-based com-
pounds are used in the treatment of H pylori they are
usually only given for 1 to 2 wk at low doses, so it would
be expected that in this situation the incidence of severe
adverse events such as death or neutrotoxicity would be
lower. These data, with no reported deaths or neurotox-
icity in any of the included RCTs, would support this hy-
pothesis. Less serious adverse events are still important
though, particularly from the patient’s perspective. These
may affect compliance with therapy, which is important
as successful eradication of H pylori is likely to lead to
successful ulcer healing and prevention of ulcer re-
lapse™”, and may also improve symptoms in a small but
significant proportion of those with functional dyspep-
sia®" In a previous analysis of factors that determine
the likely success of H pylori eradication with bismuth-
based triple therapies, patient compliance was shown to
be the most important predictor of response™

No statistically significant difference was detected in
the total number of side-effects between those receiving
bismuth-based therapy and comparison regimen in
this meta-analysis. In addition, there was no statistically
significant difference detected in individual adverse events
such as abdominal pain, diarrhoea, dizziness, headache,
metallic taste, and nausea and/or vomiting with bismuth
compounds versus comparison regimen. Finally, there
was no statistically significant increase detected in the
number of individuals requiring cessation of therapy
as a direct result of adverse events with bismuth-based
therapy versus comparison regimen. The number of
individuals reporting dark stools with bismuth was
significantly higher, though there were fewer studies
reporting this adverse event, which probably explains the
wider confidence interval. This is unlikely to have any
serious consequences related to patient safety, but it is still
important to warn patients that this is an expected side-
effect of therapy. This observation also has implications
for the successful blinding of patients allocated to
bismuth therapy in double-blind RCTs.

Total number of side-effects did appear to increase
slightly when only those trials that used one month
or more of bismuth therapy were included in the
meta-analysis, though this did not achieve statistical
significance. Diarrhoea was significantly more common
with bismuth compounds when only studies using
more than one month of therapy were included, but
no statistically significant difference was detected in the
incidence of other adverse events reported, where there
were sufficient trials to examine this issue. Again, there
was no increase in cessation of therapy in individuals
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assigned to bismuth-based therapy, even if treatment
was for one month or more. As mentioned eatlier, most
current bismuth-based H pylori eradication regimens are
given for 1 or 2 wk only, so these observations related to
longer duration of bismuth therapy are unlikely to have
any significant implications in the majority of patients.

The strengths of this systematic review and meta-
analysis are that it has been conducted using rigorous
methodology and contains a large number of RCTs,
which have provided data from in excess of 2000
patients for most of the analyses. In addition, the fact
that the data of interest to this meta-analysis were not
the primary endpoint of any of the included trials
means that the results of the current study are likely
to be free from publication bias, as evidenced by the
funnel plots for many of the outcomes we assessed.
Disadvantages, as with any systematic review, arise from
the methodology of the trials included. Many studies
were not double-blind and few reported that assessors
were blinded to the treatment allocation of the patients
cither, and this may have led to under-reporting of
adverse events in those assigned to “active treatment”
with bismuth therapy. Most studies also failed to report
either the method of generation of the randomization
schedule or the method of concealment of allocation.
Finally, only four of the studies used a questionnaire to
collect adverse event data, and only two stated that this
questionnaire was validated. This may mean that adverse
event data were inaccurate in many of the trials and we
cannot exclude the possibility that this may have biased
the results of the current meta-analysis towards the null
hypothesis.

In summary, this systematic review and meta-analysis
provides strong evidence that bismuth compounds used
either alone, or in combination with antibiotics and acid-
suppression therapy, for the treatment of H pylori are
safe and well-tolerated. The only observation of note
was that datk stools were significantly more common in
those assigned to bismuth-based therapies.

COMMENTS

Background

Bismuth compounds are often used as part of eradication therapy for Helicobacter
pylori (H pylori). There are concerns about toxicity of these compounds in some
countries, particularly as a result of their potential neurological sequelae.
Research frontiers

Data concerning toxic effects of bismuth compounds are mainly derived from
studies that have used these compounds at a high dose for a prolonged period
of time. We conducted a meta-analysis of adverse events resulting from a 1 to
2-wk course of bismuth based H pylori eradication therapy.

Innovation and breakthroughs

The current study demonstrated that bismuth compounds, when used short-
term for 1 to 2 wk in H pylori eradication therapy, are safe. The only adverse
event that occurred more frequently in patients receiving bismuth was dark
stools.

Applications

Potential adverse events from bismuth compounds in a 1 to 2-wk course of H
pylori eradication therapy are now quantified. Gastroenterologists can be as-
sured that these compounds are safe to use.

Terminology

The number needed to harm is the number of patients that would need to be
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treated with bismuth compounds for one patient to experience an adverse
event.

Peer review

There are now problems in obtaining satisfactory eradication rates of H pylori
with PPI-based triple therapies, so the use of bismuth containing regimens has
been recommended as a potential first line therapy in the Maastricht guidelines.
Furthermore, there are now new bismuth combinations commercially available.
For these reasons it is important to be sure of the safety of bismuth compounds.
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