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Background/Aims: First-line therapies against Helico-
bacter pylori, including proton pump inhibitors (PPIs) plus 
two antibiotics, may fail in up to 20% of patients. ‘Rescue’ 
therapy is usually needed for patients who failed the first-
line treatment. This study evaluated the eradication rate of 
bismuth-containing quadruple rescue therapy over a 1- or 
2-week period. Methods: We prospectively investigated 169 
patients with a persistent H. pylori infection after the first-line 
triple therapy, which was administered from October 2008 
to March 2010. The patients were randomized to receive 
a 1- or 2-week quadruple rescue therapy (pantoprazole 40 
mg b.i.d., tripotassium dicitrate bismuthate 300 mg q.i.d., 
metronidazole 500 mg t.i.d., and tetracycline 500 mg q.i.d.). 
After the ‘rescue’ therapy, the eradication rate, compliance, 
and adverse events were evaluated. Results: The 1-week 
group achieved 83.5% (71/85) and 87.7% (71/81) eradica-
tion rates in the intention to treat (ITT) and per-protocol (PP) 
analyses, respectively. The 2-week group obtained 87.7% 
(72/84) and 88.9% (72/81) eradication rate in the ITT and 
PP analyses, respectively. There was no significant difference 
in the eradication rate, patient compliance or rate of adverse 
events between the two groups. Conclusions: One-week 
bismuth-containing quadruple therapy can be as effective as 
a 2-week therapy after the failure of the first-line eradication 
therapy. (Gut Liver 2012;6:434-439)
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 INTRODUCTION

Helicobacter pylori infection is recognized as an important 
factor involved in non-ulcer dyspepsia, peptic ulcer diseases, 
gastric adenocarcinoma, and gastric mucosa-associated lym-
phoid tissue lymphoma.1,2 Eradication of H. pylori infection pre-
vents ulcer recurrence3,4 and may lead to significant reduction 
of gastric cancer risk among those without any gastric atrophy, 
intestinal metaplasia and dysplasia.5 Several large clinical trials 
and meta-analyses have shown that the most commonly used 
first-line therapies, including proton pump inhibitors (PPIs) plus 
two antibiotics, may fail in up to 20% to 25% of patients.6-9 
In the clinical setting, the treatment failure rate might be even 
higher. The patients who failed H. pylori eradication must be 
treated by ‘rescue’ therapy. According to the Maastricht III Con-
sensus Report, bismuth-containing quadruple therapy remains 
the best second-line treatment option, if available.10 Thus, a 
second-line, quadruple treatment with PPI, bismuth salts, tet-
racycline and metronidazole has been generally recommended 
in patients not cured by first-line treatment.6,10 Although the 
other regimens combined with newer antibiotics to overcome 
compliance and resistance, it is still mandatory to search for 
the optimal second-line regimen to eradicate H. pylori, with 
consistent and high efficacy. The evaluation of second or third 
‘rescue’ regimens for these problematic cases seems to be worth-
while. Many clinicians have been using empirical second-line 
approaches, with either 1- or 2-week bismuth-containing qua-
druple therapy. Because of the H. pylori resistance to metroni-
dazole, it has been shown that extended usage, e.g., for 10 to 14 
days, was highly effective in some metronidazole resistant ar-
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eas,11 and it has been suggested that 2-week metronidazole us-
age may overcome the negative influence of metronidazole re-
sistance.12 One of the major limitations to this ‘rescue’ treatment 
is poor patient compliance due to side effects and complexity 
of the regimen; thus, even with this treatment, approximately 
20% of the patients failed to eradicate H. pylori infection.13,14 
The other main reasons for eradication failure were poor patient 
compliance, resistant bacteria, low gastric pH, and high bacte-
rial load.14,15 Although one previous study showed that 2-week 
bismuth-containing quadruple therapy was more effective than 
the 1-week treatment without compliance difference,16 there are 
only few recent studies evaluating the success rate of bismuth-
containing quadruple regimens according to duration. Therefore, 
treatment duration with bismuth-containing quadruple therapy 
remains still controversial. Furthermore, its feasibility has not 
been formally tested in many clinical practice settings. In this 
study, the primary aim was to compare the eradication rate 
between the 1-week PPI, bismuth salts, tetracycline and metro-
nidazole treatment and the 2-week treatment regimen for the 
eradication of H. pylori infection, in patients who had already 
undergone at least one eradication attempt. This prospective, 
randomized controlled trial compared the efficacy, compliance, 
and side effects between the 1- and 2-week quadruple regimens.

MATERIALS AND METHODS

1. Patients

We prospectively enrolled 169 consecutive H. pylori-positive 
patients who had already received at least one first line PPI-
based triple therapy, (PPI b.i.d., clarithromycin 500 mg b.i.d., 
and amoxicillin 1 g b.i.d.). They had all been referred to five 
hospitals during the period from October 2008 to March 2010. 
Patients were deemed eligible for this study if they were over 
18 years of age, and had not taken PPI, antibiotics, bismuth 
salts, or non-steroidal anti-inflammatory drugs for at least 1 
month preceding the study. Patients with serious, concomitant 
illnesses, such as decompensated liver cirrhosis and uremia, or 
who had undergone previous gastric surgery, were excluded 
from the study, as were pregnant and lactating women and pa-
tients allergic to drugs. All patients gave their informed consent. 
The study was approved by the Institutional Review Board of 
the Hallym University Medical Center. The presence of H. py-
lori after a previous eradication therapy was defined as at least 
one positive result among the following tests: rapid urease test, 
histology and 13C urea breath test. A rapid urease test (CLOtest; 
Delta West, Bentley, Australia) was performed by gastric each 
two mucosal biopsies from the lesser curvature of the mid an-
trum and mid body, and histological evidence of H. pylori was 
obtained by modified Giemsa staining in each two biopsies the 
lesser and greater curvature of the mid antrum or mid body.

2. Methods 

A total 169 patients were randomized at five centers in Korea. 
The sample size calculation was based on the estimation that 
a 15% difference in the eradication rates between the 1- and 
2-week quadruple therapy would have been clinically relevant. 
The number of patients required for the study with a two-tailed 
5% significance test and a power of 80% was 76 per group. 
Finally, we calculated that at least 85 patients were required in 
each group assuming a withdrawal rate of 5%. Two treatment 
regimens were assigned to two groups, using randomly permut-
ed blocks placed in identical, sequentially numbered blocks. A 
block size was 4. Investigators were unaware of the block size or 
treatment allocation. Then, patients were randomly assigned to 
either 1 or 2 weeks of bismuth-containing quadruple therapy in 
each disease group, at five hospitals. Independent researcher as-
signed participants to interventions. Rescue therapy consisted of 
PPI (pantoprazole 40 mg b.i.d.), tripotassium dicitrate bismuth-
ate 300 mg q.i.d., metronidazole 500 mg t.i.d., and tetracycline 
500 mg q.i.d. (BMT). All drugs were taken 1 hour before meals 
or at night before sleep, and administered for 1 or 2 weeks, 
according to each group. To assess the eradication, repeated 
endoscopy with rapid urease test, histological examination, or 
13C urea breath tests were performed at 4 to 8 weeks after the 
end of quadruple therapy. Patients were fasted for 8 hours be-
fore 13C-urea breath test. No test meal was given and the pre-
dose breath sample was obtained in the bag. Then, 100 mg of 
13C-urea powder (UBiTkitTM; Otsuka Pharmaceutical Co., Ltd., 
Tokyo, Japan) was dissolved in 100 mL of water and adminis-
tered orally; a second breath sample was collected in the bag 20 
minutes later. The cut-off value used was 2.5%. The collected 
samples were analyzed using an isotope ratio mass spectrometer 
(UBiT-IR300®; Otsuka Pharmaceutical Co., Ltd.). Eradication was 
defined as negative results of all rapid urease tests and histology 
or a negative result of the urea breath test. All patients under-
went endoscopy before rescue therapy.

3. Questionnaire

Complete medical history and demographic data were ob-
tained from each patient, including age, sex, body weight, 
medical history, and history of cigarette smoking and alcohol, 
coffee or tea consumption before rescue therapy. Smoking was 
defined as smoking one pack or more per week. Coffee or tea 
consumption was defined as drinking one cup or more per day. 
Adverse events and compliance were prospectively evaluated 
after the completion of therapy. In the 2-week rescue therapy 
group, patients were re-interviewed on the phone, 1 week after 
therapy initiation. The adverse events, such as abdominal pain, 
diarrhea, nausea, vomiting, and itching were assessed using a 
4-point scale system: 0-none; 1-mild (annoying discomfort, but 
not interfering with daily life); 2-moderate (sufficient discomfort 
to interfere with daily life); and 3-severe (discomfort resulting 
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in discontinuation of eradication therapy). Compliance was 
checked by counting unused medication at the end of treat-
ment. Good compliance was defined as taking more than 85% 
of the total medication. Well and poor compliance was defined 
as taking 75% to 85% and less than 75% of the total medica-
tion, respectively.

4. Statistical analysis

Comparison of treatment effectiveness in the two study 
groups was performed both using intention to treat (ITT) and 
per-protocol (PP) analysis. All enrolled patients were included in 
the ITT analysis and patients without either final 13C urea breath 
test results or rapid urease test results were classified as failed 
treatment. The PP analysis excluded patients with unknown H. 
pylori status following therapy and those with major protocol 
violations. The differences of H. pylori eradication rates between 
the two groups and their 95% confidence interval (CI) were cal-
culated in both ITT and PP analyses. Demographic characteris-
tics between the two groups were compared by the chi-squared 
test. Continuous variables were analyzed by the Student’s t-test 
and categorical variables by the chi-squared test or Fisher’s ex-
act test. A p-value less than 0.05 was considered as statistically 
significant. To evaluate difference in eradication rate according 
to conditions such as sex, underlying endoscopic finding, smok-
ing and alcohol, Cochran Mantel-Haensel analysis was used. 
Analysis was performed using the SPSS software version 15.0 
(SPSS Inc., Chicago, IL, USA).

RESULTS

All randomized 169 patients were eligible for ITT analysis. 
Among these patients, 85 patients received 1-week PPI+BMT 
and 84 patients received 2-week PPI+BMT. The main demo-

graphic and clinical features of 169 patients according to the 
two treatment arms are shown in Table 1. Demographic char-
acteristics were similar, except for higher proportion of patients 
with duodenal ulcers in the 2-week PPI+BMT group, as were 
symptoms at the initial assessment. Overall, seven patients 
had protocol violations that excluded them from PP analy-
sis. Among these patients, four patients were in the 1-week 

Table 1. Demographic Data and Clinical Characteristics of the Two 
Patient Groups in the Intention to Treat Analysis

Characteristic
1-wk PPI-BMT

(n=85)
2-wk PPI-BMT

(n=84)
p-value

Gender, male 41 (48.2) 48 (58.5) 0.48

Age, yr 51.3±13.3 53.5±13.0 0.25

Body weight, kg 64.0±15.4 64.4±9.6 0.89

Height, cm 160.5±22.3 166.2±8.2 0.08

Smoking 19 (23.1) 17 (20.2) 0.20

Alcohol consumption 32 (37.6) 25 (29.8) 0.13

Ingestion of coffee 46 (51.1) 26 (31.0) 0.88

Underlying disease

   Diabetes 5 (5.9) 6 (7.1) 0.75

   Hypertension 16 (18.8) 8 (9.5) 0.35

   Nephrotic disease 2 (2.4) 1 (1.1) 0.36

Endoscopic finding

   Gastric ulcer 38 (44.7) 43 (51.2) 0.87

   Duodenal ulcer 23 (27.1) 38 (45.2)  0.01*

   Atrophic gastritis 39 (45.9) 41 (48.8) 0.62

   Non-ulcer dyspepsia 26 (30.6) 12 (14.3) 0.06

Data are presented as mean±SD or number (%).
PPI, proton pump inhibitor; BMT, bismuthate, metronidazole, tetracy-
cline.
*p<0.05.

Fig. 1. Flow diagram showing the 
phases of the study progress. Eradi-
cation rates are presented for both 
the intention to treat (ITT) and per-
protocol (PP) analyses in the two 
groups. 
PPI, proton pump inhibitor; BMT, 
bismuthate, metronidazole, and tet-
racycline; CI, confidence interval.
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PPI+BMT treatment group. Their violations were follow-up loss, 
inadequately taking medicine and discontinuing the therapy due 
to intolerable side effects. Thus, seven patients were dropped 
out from PP analysis. Fig. 1 shows the flow diagram of patients 
progress through the phases of the study. The 1-week PPI+BMT 
regimen achieved 83.5% (95% CI, 76% to 91%) eradication rate 
in ITT analysis and 87.7% (95% CI, 80% to 95%) in PP analysis, 
while the 2-week PPI+BMT regiment obtained 87.7% (95% CI, 
78% to 93%) eradication rate in ITT and 88.9% (95% CI, 82% 
to 96%) in PP analysis. There was no statistically significant 
difference between the two treatment modalities (Table 2). The 
compliance rates of the 1-week PPI+MBT group were 91.4% 
‘good’ compliance, 9.9% ’well’ compliance and 2.5% ‘poor’ 
compliance. In the 2-week PPI+MBT treatment group, the com-
pliance rates were 91.4%, 4.6%, and 3.7%, respectively (Table 2). 
Overall, 52 patients reported side-effects, i.e., 19 patients (22.4%) 
in the 1-week PPI+BMT group and 32 patients (38.1%) in the 
2-week PPI+BMT group. Diarrhea, headache, vomiting, stool 
color change, itching, nausea, taste disturbance, and abdominal 
pain were reported as side effects. There was no statistically sig-
nificant difference in side effects between the two groups (Table 
3). Only one patient from each group withdrew from the study 
due to significant side effects. The prevalence of side effects 
was not significantly increased with treatment duration. In both 
groups, most patients tolerated well the side effects and contin-
ued medication with encouragement from the physician, even 
when the side effects were rather serious.

DISCUSSION

The use of the quadruple regimen (i.e., PPI+BMT) has been 
generally suggested as the optimal second-line therapy, after 
PPI-clarithromycin-amoxicillin failure, and has been therefore 

recommended as ‘rescue’ regimen in several guidelines.10,17,18 
The Korean Helicobacter Study group recommended either 1- 
or 2-week quadruple therapy as second-line treatment in cases 
with initial treatment failure.19 However, there were only few 
reports directly comparing the 1-week PPI+BMT with 2-week 
PPI+BMT in prospective, randomized studies. Recently, the 
result that 2-week bismuth-containing quadruple therapy was 
more effective than 1-week quadruple therapy as second-line 
treatment was reported in Korea.16 In that report, the eradication 
rates were 72/112 (64.3%; 95% CI, 0.504 to 0.830) and 71/92 
(77.2%; 95% CI, 0.440 to 0.749) in the 1-week group, compared 
to 95/115 (82.6%; 95% CI, 1.165 to 2.449) and 88/94 (93.6%; 
95% CI, 1.213 to 5.113) in the 2-week group, by ITT therapy 
(p=0.002) and PP analysis (p=0.001), respectively. In our pro-
spective study, the eradication rates of 1 and 2 weeks groups 
were 71/85 (83.5%) versus 72/84 (87.7%), and 71/81 (87.7%) 
versus 72/81 (88.9%), in ITT and PP analyses, respectively. In 
another Korean study, in which therapeutic durations varied 
from 7 to 14 days, the eradication rates of second line quadru-
ple therapy have been reported as 54.5% to 76.7% and 70.4% 
to 83.9%, in ITT and PP analysis, respectively.20-23 In Western 
countries, some studies have shown the benefit of eradication 
with prolonged treatment durations,24 but others did not.25 Be-
cause there have been only few prospective randomized studies 
comparing eradication rates between 1 and 2 weeks bismuth 
containing quadruple therapy, it is not yet known whether a 
prolonged treatment duration would be beneficial to obtain 
better eradication rate. In our study, 1 and 2 weeks PPI+BMT 
groups showed similar eradication rates, contrasting results from 
a previous Korean study.16 This may be results of the regional or 
institutional difference in antibiotics resistance. Results of one 
previous study showed that there was institutional difference 
in antibiotic resistance of H. pylori, explaining the institutional 
difference in eradication rates of H. pylori.26 In that study, in-
vestigators evaluated whether the prevalence rates of primary 

Table 2. The Eradication Rate of and Compliance with the 1-Week 
and 2-Week PPI+BMT Quadruple Rescue Therapy

Variable 1-wk PPI-BMT 2-wk PPI-BMT p-value

Eradication rate 

   ITT analysis* 83.5 (71/85) 87.7 (72/84) 0.74

   PP analysis 87.7 (71/81) 88.9 (72/81) 0.70

Compliance†

   Good 91.4 (74/81) 91.4 (74/81) 0.17

   Well 9.9 (8/81) 4.9 (4/81) 0.05

   Poor 2.5 (2/81) 3.7 (3/81) 0.74

Data are presented as percentage (number/total number).
PPI, proton pump inhibitor; BMT, bismuthate, metronidazole, and 
tetracycline; ITT, intention to treat; PP, per-protocol.
*In the ITT analysis, patients without final 13C urea breath test results 
or rapid urea test results were classified as treatment failures; †Good 
compliance was defined as taking more than 85% of the total medi-
cation. Fair and poor compliance were defined as taking 75% to 85% 
and less than 75% of the total medication, respectively.

Table 3. Side Effects of the 1- and 2-Week PPI+BMT Quadruple Res-
cue Therapy

Side effect
1-wk PPI-BMT 

(n=85)
2-wk PPI-BMT 

(n=84)
p-value

Diarrhea 1 (1.2) 4 (4.8) 0.18

Headache 1 (1.2) 2 (2.4) 0.57

Vomiting 0 1 (1.2) 0.32

Stool color change 11 (13.0) 10 (11.9) 0.79

Itching 0 1 (1.2) 0.32

Nausea 5 (5.9) 7 (8.3) 0.56

Taste disturbance 0 4 (4.8) 0.04

Abdominal pain 1 (1.2) 3 (3.6) 0.32

Data are presented as number (%).
PPI, proton pump inhibitor; BMT, bismuthate, metronidazole, and 
tetracycline.
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antibiotic resistance in H. pylori isolates could be different be-
tween two institutions, which are located in the different areas 
in Korea. They suggested that the resistance to clarithromycin 
seems to be an important determinant for the eradication by 
classic triple therapy.

The main causes of treatment failure are thought to be poor 
patient compliance and bacterial resistance.27-30 In addition, high 
resistance to metronidazole in Korea31-34 limited the efficacy of 
metronidazole-containing quadruple therapy as a second-line 
therapy. Korean data usually came from Seoul, and it might 
not be representative for the whole Korea. Among the five hos-
pitals in this study, three hospitals were located in Seoul, one 
in Gyeonggi, and one in the Gangwon province. We could not 
explain what diffrence eradication rate between patients lived 
in different areas in this study. This is one of important limits of 
our study. Although we did not investigate H. pylori culture and 
antibiotic resistance in each hospital, a regional or institutional 
difference in H. pylori culture and antibiotic resistance might 
explain the fact that eradication rate of was not significantly 
different between the two groups. However, due to this reason, 
this study has the lack of susceptibility data why PPI+BMT res-
cue therapy succeeded or failed in 1- and 2-week groups. This 
could make interpretation difficult in terms of recommendations 
which duration of rescue therapy is better. Further analysis 
about the overall use of antibiotics and resistance to antibiotics 
included in bismuth containing quadruple therapy is warranted 
to acquire more adequate explanation for this result. It would 
clarify whether bismuth containing quadruple therapy per-
formed during 2 weeks, rather than one, may overcome metro-
nidazole resistance. Regarding tetracycline resistance, the impact 
of tetracycline susceptibility has not been well-established.35 
The prevalence of H. pylori to tetracycline is very low, except 
in a few countries, including Korea.36 One study reported that 
tetracycline resistance was remarkably increased in Korea.16 Our 
successful eradication rates in patients treated for 1 or 2 weeks 
with the quadruple regimen, including tetracycline, were similar 
with previous reports for bismuth containing quadruple therapy. 
Therefore, it is thought that tetracycline would not be important 
in H. pylori eradication. Further investigation is needed to un-
derstand the effect of tetracycline resistance according to treat-
ment duration. However, the success rate of rescue therapy in 
this study was lower than desired rate despite giving the drugs 
for 14 days and may be due to presence of resistance to tetracy-
cline or metronidazole, or to giving the drugs before meals. The 
other reason underlying treatment failure in H. pylori eradica-
tion treatment is low compliance with the available therapeutic 
regimens,13 since quadruple therapy requires administration of 
too many tablets and may produce a relatively high rate of side 
effects. Although we found no significant difference between 
the two groups in our study, other report showed a rate of 
39.6% side effects of bismuth containing quadruple therapy.37 
In conclusion, the one week PPI+BMT regimen was as effective 

as the 2-week PPI+BMT regimen. The discrepancy between our 
and that from a previous Korean study might be explained by 
regional difference. Further study should investigate the region-
al differences in antibiotic resistance and eradication rate.
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