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Efficacy of 7-Day and 14-Day Bismuth-Containing Quadruple Therapy 
and 7-Day and 14-Day Moxifloxacin-Based Triple Therapy as Second-Line 
Eradication for Helicobacter pylori Infection
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Background/Aims: Bismuth-containing quadruple and 
moxifloxacin-based triple regimens are recommended as 
second-line therapy for Helicobacter pylori infection. The aim 
of this study was to compare the efficacy of each regimen. 
Methods: From August 2004 to October 2012, a total of 949 
patients (mean age, 54.32±12.08 years; male, 49.4%) who 
failed H. pylori eradication with a standard triple regimen 
were included. Patients treated with a bismuth-containing 
quadruple regimen for 7 and 14 days were designated as 
7-BMT and 14-BMT, respectively, and those treated with a 
moxifloxacin-based triple regimen for 7 and 14 days were 
designated as 7-MA and 14-MA, respectively. H. pylori eradi-
cation was confirmed using the 13C-urea breath test, rapid 
urease test or histology. Results: The eradication rates by 
7-BMT, 14-BMT, 7-MA, and 14-MA were 66.4% (290/437), 
71.1% (113/159), 53.1% (51/96), and 73.5% (189/257), 
respectively, by intention-to-treat analysis (ITT) and 76.5% 
(284/371), 83.8% (109/130), 55.6% (50/90), and 80.6% 
(187/232), respectively, by per-protocol analysis (PP). The 
eradication rates were higher in 14-BMT than 7-BMT by the 
ITT and PP analyses (p=0.277 and p=0.082, respectively). 
The 14-BMT and 14-MA treatments showed similar effica-
cies by ITT and PP (p=0.583 and p=0.443, respectively). 
Conclusions: The 7-BMT, 14-BMT, and 14-MA treatments 
showed similar and suboptimal efficacies. In both regimens, 
extending the duration of treatment may be reasonable con-
sidering the high level of antibiotic resistance in Korea. (Gut 
Liver 2015;9:478-485)
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INTRODUCTION

Helicobacter pylori has been known to be associated with 
gastritis, peptic ulcer disease (gastric ulcer, duodenal ulcer), gas-
tric mucosa-associated lymphoid tissue lymphoma, and gastric 
adenocarcinoma.1 Current guidelines recommend eradication 
therapy not only in these conditions but also in first-degree rel-
atives of patients with gastric cancer. Furthermore, eradication 
of H. pylori should be considered in the patients with long-term 
therapy of nonsteroidal anti-inflammatory drugs (NSAIDs) or 
acetylsalicylic acid for reducing peptic ulcer and upper gastroin-
testinal bleeding.2-4

In Korea, the standard first-line therapy consisting of proton 
pump inhibitor (PPI), amoxicillin and clarithromycin has been 
generally used for 7 days.2,3,5,6 However, during the last few 
years, this PPI-based triple therapy regimen failed to achieve 
eradication rate ≥80% in several large clinical trials and meta-
analyses.7,8 Moreover, in the clinical setting the failure rate of 
standard first-line therapy can in fact be higher and several 
studies have reported the decreasing efficacy of this regimen to 
lower than 75% and even to lower than 50% on an intention-
to-treat (ITT) basis.9-12 These unsatisfactory results are increasing 
the needs for second-line treatment options.

At present, the internationally recommended salvage eradi-
cation therapy for H. pylori is bismuth-containing quadruple 
regimen consisting of PPI, bismuth citrate, tetracycline and met-
ronidazole for 7 to 14 days.2,13 Although this treatment regimen 
has been shown to be effective, a pooled analysis of 40 trials re-
ported variable eradication rates and an average eradication rate 
of 76% for bismuth-containing quadruple therapy as second-
line treatment.14,15 At this point in time, newer therapeutic regi-
mens using fluoroquinolones were suggested for eradication of 
H. pylori. Moxifloxacin (Bayer HealthCare AG, Wuppertal, Ger-
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many) is a second-generation fluoroquinolone launched in 1999 
and widely used to treat infections of the respiratory tract and 
skin.16,17 It penetrates tissues well and its long half-life, 9 to 16 
hours allows once-daily dosing.18-20 Recently, some reports have 
shown that moxifloxacin-based triple regimen has good effica-
cy for the treatment of H. pylori infection as second-line treat-
ment.20-22 A meta-analysis showed an advantage of levofloxacin 
and moxifloxacin-based triple therapy for eradication of H. 
pylori as second-line treatment; but, this meta-analysis included 
only three trials, and did not analyze moxifloxacin-based triple 
therapy separately.23 Data about moxifloxacin-based triple ther-
apy as second-line treatment are still lacking. Few recent studies 
suggested an advantage of moxifloxacin-based triple therapy 
compared with bismuth-containing quadruple therapy in terms 
of efficacy, side effects and compliance.21,22,24

However, resistance to fluoroquinolones among H. pylori-
infected patients has been increasingly reported in countries 
where it is used frequently and limiting its application.25-28 

It is known that the Korean population has a high risk for 
H. pylori infection and a high prevalence of antibiotic resis-
tance.29,30 In this regard, it may be reasonable to investigate 
whether the eradication rate has fallen with second-line eradica-
tion therapy and extending the duration of therapy can increase 
the eradication rate.

The aim of this study was to compare the efficacy, compli-
ance and adverse events of bismuth-containing quadruple 
therapy with moxifloxacin-based triple therapy according to 
the duration of treatment as second-line treatment for a Korean 
study population of the recent 9 years. 

MATERIALS AND METHODS

1. Study population

This was a retrospective study in which consecutive patients 
who fulfilled the following inclusion criteria were recruited us-
ing a computer-generated table during the period from August 
2004 to October 2012 at Seoul National University Bundang 
Hospital in Korea. We reviewed all the patients who were at 
least 18 years of age and initially failed to eradicate H. pylori 
with standard triple therapy (PPI twice a day as usual dose, 
amoxicillin 1 g twice a day and clarithromycin 500 mg twice a 
day). Usual doses  of rabeprazole, esomeprazole, pantoprazole, 
lansoprazole and omeprazole were used. Of these patients, a 
total of 949 patients who were treated with second-line eradica-
tion therapy using bismuth-containing quadruple regimen or 
moxifloxacin-based triple regimen for 7 or 14 days were en-
rolled.

Failure to eradicate H. pylori was defined according to one 
or more of the following three tests: (1) a positive rapid urease 
test (CLO test; Delta West, Bentley, Australia) by gastric mucosal 
biopsy from the antrum or body; (2) a positive 13C-urea breath 
test; or (3) a positive histological evidence of H. pylori by modi-

fied Giemsa staining in the antrum or body.
The exclusion criteria were (1) the use of H2-receptor antago-

nists, PPIs, NSAIDs, or antibiotics during the previous 4 weeks; 
(2) advanced gastric cancer or previous gastric surgery; (3) the 
presence of systemic illness such as liver cirrhosis or chronic 
renal failure; (4) pregnant or breast-feeding women; (5) age <18 
years; or (6) any condition possibly correlated with poor com-
pliance such as alcoholics or drug abusers.

2. Treatment and follow-up

Four groups of patients treated with second-line eradica-
tion therapy were named using acronyms. Bismuth-containing 
quadruple therapy consisting of tripotassium dicitrato bismuth-
ate (DENOL®; Greencross Co., Seoul, Korea) 300 mg 4 times a 
day (three tabs 30 minutes before meals and one tab 2 hours 
after dinner), tetracycline 500 mg 4 times a day, metronidazole 
500 mg 3 times a day and usual dose of PPI twice a day for 7 
days was named as 7-BMT and that for 14 days as 14-BMT, 
respectively. Moxifloxacin-based triple therapy consisting of 
moxifloxacin 400 mg every day, amoxicillin 1,000 mg twice a 
day and usual dose of PPI twice a day for 7 days was named as 
7-MA and that for 14 days as 14-MA, respectively. 

The 949 patients were assigned to one of the following four 
treatment regimens as second-line eradication: 7-BMT (n=437); 
14-BMT (n=159); 7-MA (n=96); and 14-MA (n=257). H. pylori 
eradication was defined as a negative 13C-urea breath test or 
negative rapid urease test or negative histology at least 4 weeks 
after completion of therapy. 

Additionally, compliance with therapy was assessed by direct 
questions by a physician and pill count 1 week or 2 weeks after 
completion of therapy. Good compliance was considered when 
patient intake the drug more than 85%. At the same time, ad-
verse events of the patients were reviewed. 

3. 13C-urea breath test

No PPI, bismuth, H2-blocker, and antibiotics were allowed 
within 4 weeks before the urea breath test and before the test 
patient was fasted for 4 hours. Test meal was not given, and a 
predose breath sample was obtained. Then patient administered 
75 mg of 13C-urea powder (HelikitTM; Isotechnika, Edmonton, 
Canada) dissolved in 50 mL of water, orally. Thirty minutes lat-
er, a second breath sample was collected. The cutoff value used 
was 4‰.31 The collected samples were analyzed by means of an 
isotope ratio mass spectrometer (Heliview®; Medichems, Seoul, 
Korea).

4. Urease test

Two biopsy specimens, one each from the antrum and the 
body, were used for the rapid urease test (CLO test). Antral and 
body biopsy specimens were evaluated separately, and color 
change of all urease tests were monitored for up to 24 hours.
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5. Histological evaluation

Two biopsy specimens obtained from the antrum and the 
body were fixed in formalin and submitted to two experienced 
pathologists for histological examination. They assessed the 
presence of H. pylori using modified Giemsa staining and the 
degree of inflammatory cell infiltration, atrophy and intestinal 
metaplasia with hematoxylin and eosin stain.

6. Statistical analysis

The analysis was conducted using SPSS version 18.0 for Win-
dows (SPSS Inc., Chicago, IL, USA). H. pylori eradication rate 
was analyzed on an ITT basis and on a per-protocol (PP) basis. 
The ITT analysis included all patients enrolled in the study, and 
patients with an unproven state of H. pylori eradication due to 
follow-up loss were considered as treatment failure for the ITT 
analysis. The PP analysis excluded patients who were unavail-
able data of H. pylori eradication state because of follow-up 
loss, took less than 85% of treatment drugs and discontinued 
therapy. Baseline characteristics were compared using chi-
square, Fisher exact, and ANOVA test. Outcomes, adverse events 
and drug compliance among 7-BMT, 14-BMT, 7-MA, and 14-
MA were analyzed by chi-square and Fisher exact test. Addi-
tionally, linear-by-linear association was used to evaluate the 

linear trend of eradication rates by year. A p-value of less than 
0.05 was considered statistically significant. 

RESULTS

1. Patients

Finally, 949 eligible patients were reviewed in this study 
group from August 2004 to October 2012. The schematic dia-
gram of the study population is shown in Fig. 1, and baseline 
characteristics of the study population are summarized in Table 1. 
Baseline characteristics of age, comorbidities (hypertension, dia-
betes mellitus), and alcohol intake were similar, but male gen-
der, current smoking, and endoscopic diagnosis were different 
among the four treatment groups; male gender (49.2% vs 61.6% 
vs 50.0% vs 42.0%, p=0.002), current smoking (12.4% vs 13.8% 
vs 8.3% vs 5.4%, p=0.011) and endoscopic diagnosis (p<0.001).

2. H. pylori eradication rates

H. pylori eradication rates are listed in Table 2, and Fig. 2 
shows eradication rates of H. pylori according to each therapeu-
tic regimen. 

The ITT eradication rates were 66.4% (95% confidence in-
terval [CI], 61.8 to 70.5; 290/437) and 71.1% (95% CI, 63.5 to 
77.4; 113/159) between 7-BMT and 14-BMT (p=0.277), 53.1% 

Fig. 1. Schematic diagram of the 
study population. 
7-BMT, 7-day bismuth-containing 
quadruple therapy; 14-BMT, 14-
day bismuth-containing quadruple 
therapy; 7-MA, 7-day moxifloxacin-
based triple therapy; 14-MA, 14-day 
moxifloxacin-based triple therapy; 
ITT, intention-to-treat; PP, per-
protocol.
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(95% CI, 42.7 to 63.5; 51/96) and 73.5% (95% CI, 68.5 to 79.0; 
189/257) between 7-MA and 14-MA (p<0.001), respectively. 
Additionally, the ITT eradication rates were 66.4% and 53.1% 

between 7-BMT and 7-MA (p=0.014), 66.4% and 73.5% be-
tween 7-BMT and 14-MA (p=0.048), 71.1% and 73.5% between 
14-BMT and 14-MA (p=0.583). 

Table 1. Baseline Characteristics of the Study Population

Characteristic 7-BMT 14-BMT 7-MA 14-MA

No. of patients 437 159 96 257

Age, yr 54.0±11.7 53.7±12.2 54.2±12.2 55.4±12.5

Gender, male/female 215/222 98/61 48/48 108/149

Comorbidity

    Hypertension 94 (21.5) 33 (20.8) 13 (13.5) 58 (22.6)

    Diabetes 37 (8.5) 21 (13.2) 6 (6.3) 20 (7.8)

Current smoking 54 (12.4) 22 (13.8) 8 (8.3) 14 (5.4)

Alcohol intake 98 (22.4) 34 (21.4) 19 (19.8) 39 (15.2)

Endoscopic diagnosis

    HPAG 196 (44.9) 79 (49.7) 62 (64.6) 153 (59.5)

    Gastric ulcer 68 (15.6) 10 (6.3) 12 (12.5) 29 (11.3)

    Duodenal ulcer 147 (33.6) 52 (32.7) 19 (19.8) 53 (20.6)

    GU+DU 17 (3.9) 8 (5.0) 2 (2.1) 7 (2.7)

    Early gastric cancer 6 (1.4) 5 (3.1) 1 (1.0) 14 (5.4)

    MALToma 3 (0.7) 5 (3.1) 0 0 

    Carcinoid tumor 0 0 0 1 (0.4)

Data are presented as mean±SD or number (%).
7-BMT, 7-day bismuth-containing quadruple therapy; 14-BMT, 14-day bismuth-containing quadruple therapy; 7-MA, 7-day moxifloxacin-based 
triple therapy; 14-MA, 14-day moxifloxacin-based triple therapy; HPAG, Helicobacter pylori-associated gastritis; GU, gastric ulcer; DU, duodenal 
ulcer; MALToma, mucosa-associated lymphoid tissue lymphoma.

Table 2. Outcomes in the 7- and 14-Day Bismuth-Containing Quadruple and Moxifloxacin-Based Triple Therapies

7-BMT 14-BMT 7-MA 14-MA p-value

Eradication rate

    ITT analysis 290/437 (66.4) 113/159 (71.1) 51/96 (53.1) 189/257 (73.5) 0.002

    95% CI, % 61.8–70.5 63.5–77.4 42.7–63.5 68.5–79.0

    PP analysis 284/371 (76.5) 109/130 (83.8) 50/90 (55.6) 187/232 (80.6) <0.001

    95% CI, % 72.1–80.9 77.1–90.1 45.5–65.5 75.5–85.6

Compliance 371/437 (84.9) 130/159 (81.8) 90/96 (93.8) 232/257 (90.3) 0.009

Adverse events <0.001

    Nausea/vomiting 12 (2.7) 10 (6.3) 2 (2.1) 19 (7.4)

    Diarrhea 6 (1.4) 4 (2.5) 2 (2.1) 31(12.1)

    Taste disturbance 3 (0.7) 1 (0.6) 0 11 (4.3)

    Epigastric soreness 12 (2.7) 6 (3.8) 1 (1.0) 17 (6.6)

    Bloating 0 1 (0.6) 0 3 (1.2)

    Headache 0 1 (0.6) 1 (1.0) 1 (0.4)

    Urticaria 3 (0.7) 3 (1.9) 0 2 (0.8)

    Dizziness/weakness 6 (1.4) 3 (1.9) 1 (1.0) 3 (1.2)

Total 42 (9.6) 29 (18.2) 7 (7.3) 87 (33.9)

Data are presented as number (%).
7-BMT, 7-day bismuth-containing quadruple therapy; 14-BMT, 14-day bismuth-containing quadruple therapy; 7-MA, 7-day moxifloxacin-based 
triple therapy; 14-MA, 14-day moxifloxacin-based triple therapy; ITT, intention-to-treat; CI, confidence interval; PP, per-protocol.
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The PP eradication rates were 76.5% (95% CI, 72.1 to 80.9; 
284/371) and 83.8% (95% CI, 77.1 to 90.1; 109/130) between 
7-BMT and 14-BMT (p=0.082), 55.6% (95% CI, 45.5 to 65.5; 
50/90) and 80.6% (95% CI, 75.5 to 85.6; 187/232) between 
7-MA and 14-MA (p<0.001), respectively. Additionally, the PP 
eradication rates were 76.5% and 55.6% between 7-BMT and 
7-MA (p<0.001), 76.5% and 80.6% between 7-BMT and 14-
MA (p=0.242), 83.8% and 80.6% between 14-BMT and 14-MA 
(p=0.443). 

Fig. 3 shows that the overall eradication rate of bismuth-con-
taining quadruple therapy has been decreasing as time elapsed 
(p for linear trend=0.006). However, moxifloxacin-based triple 
therapy showed no statistical significance in the changes of 

eradication rate according to time (p for linear trend=0.225).

3. Compliance and adverse events

The compliance of the BMT group (represents 7-BMT plus 14-
BMT) was inferior compared to that of MA group (represents 
7-MA plus 14-MA); 84.1% vs 91.2%, p=0.002. However, no 
significant differences were reported according to the duration 
of therapy within same therapeutic regimen. 

The adverse events were recorded in 42 of 7-BMT (9.6%) and 
29 of 14-BMT (18.2%) (p=0.011) and in 7 of 7-MA (7.3%) and 
87 of 14-MA (33.9%) (p<0.001), respectively. Details about ad-
verse events that occurred during the period of study are listed 
in Table 2. Generally, adverse events were reported in 71 of the 
bismuth-containing quadruple therapy group (11.9%) and 94 of 
the moxifloxacin-based triple therapy group (26.6%) (p<0.001). 

The number of patients who discontinued therapy due to 
adverse events were 7 of 7-BMT (1.6%), 5 of 14-BMT (3.1%) 
(p=0.236), 1 of 7-MA (1.0%) and 6 of 14-MA (2.3%) (p=0.438), 
respectively. Generally, the number of patients who discon-
tinued therapy due to adverse events were 12 in the bismuth-
containing quadruple therapy group (2.0%) and 7 in the moxi-
floxacin-based triple therapy group (2.0%) (p=0.974). 

The prevalence of adverse events increased as the duration 
of therapy increased. The most frequent adverse events were 
nausea/vomiting in the 7-BMT and 14-BMT, while diarrhea was 
more frequent than nausea/vomiting in the 7-MA and 14-MA.

DISCUSSION

It is uncertain what is the best second-line therapy for H. 
pylori eradication after initial treatment failure with standard 

Fig. 2. Helicobacter pylori eradication rates according to the therapeutic regimen. (A) Intention-to-treat (ITT). (B) Per-protocol (PP). Error bars indi-
cate the 95% confidence interval.
7-BMT, 7-day bismuth-containing quadruple therapy; 14-BMT, 14-day bismuth-containing quadruple therapy; 7-MA, 7-day moxifloxacin-based 
triple therapy; 14-MA, 14-day moxifloxacin-based triple therapy.

Fig. 3. The overall eradication rate of bismuth-containing quadruple 
therapy over time. The error bars indicate the 95% confidence inter-
val; the BMT group represents 7-day bismuth-containing quadruple 
therapy plus 14-day bismuth-containing quadruple therapy.
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triple therapy containing PPI, amoxicillin, and clarithromycin. 
As mentioned earlier, bismuth-containing quadruple regimen 
has been commonly used as second-line therapy after the ini-
tial failure of H. pylori eradication2,13 and moxifloxacin-based 
triple regimen has been suggested as an alternative second-line 
therapeutic regimen.21-23 Some studies have reported about the 
efficacy of second-line eradication therapy between two groups; 
however, to our knowledge, this study is the first report com-
paring four groups simultaneously. In our study, 7-MA failed 
to show an appropriate eradication rate. The 14-BMT showed 
higher eradication rate than 7-BMT, even though this result was 
not statistically significant. The eradication rate of 14-MA was 
superior to that of 7-MA, and this result was statistically signifi-
cant. In addition, 14-BMT and 14-MA showed similar efficacy 
by ITT and PP analysis.

These results can be explained by antibiotic resistance. Pre-
treatment resistance to antibiotics may be the most important 
factor in patients who do not respond to eradication therapy.32 
This indicates that the choice of regimen for second-line eradi-
cation depends on what kind of regimen was used initially, as 
retreatment with the same regimen cannot be recommended.33 
Resistance to antibiotics has been increasing in many countries 
as a major cause of eradication failure,7,34 but we have not in-
vestigated antibiotic resistance due to the retrospective nature 
of this study. Thus, this study referred to previous reports about 
antibiotic susceptibility of H.pylori in our hospital.30,35 A recent 
study at our center involving 269 patients showed a resistant 
rate of amoxicillin, metronidazole, and tetracycline was 13.8%, 
27.1%, and 9.7%, respectively.30 Another data in our center with 
86 patients from 2003 to 2012 showed secondary resistance 
to antibiotics after failure of eradication. In this study, the sec-
ondary resistance rate to amoxicillin (p=0.175), moxifloxacin 
(p=0.025), and metronidazole (p=0.034) have all been observed 
to increase over time.35 It is known that bacterial resistance 
to metronidazole has a negative impact on the effectiveness 
of bismuth-containing quadruple therapy, but it is possible to 
overcome this drawback by increasing the duration of treat-
ment.36 The resistance rate of metronidazole is 20% to 40% 
in the United States and Europe, but the prevalence is higher 
from 50% to 80% in developing countries.37 Therefore, it may 
be expected that the increased duration of bismuth-containing 
quadruple therapy would be more effective than shorter treat-
ment duration in high metronidazole resistant areas, and for 
this reason the variable results for eradication rate according to 
treatment duration might be occurred. With regard to tetracy-
cline resistance, it is suggested that tetracycline does not have 
a major role in H. pylori eradication.38 However, further stud-
ies are needed to clarify the impact of tetracycline on H. pylori 
eradication.

Similarly, resistance of H. pylori to fluoroquinolones was re-
ported to vary depending on different countries or regions.39 In 
previous studies, moxifloxacin-based triple therapy as first-line 

treatment for H. pylori infection showed eradication rates of 
about 90%.18,19 Accordingly, moxifloxacin or levofloxacin-based 
triple therapy was recommended as an alternative second-line 
therapeutic regimen after failure of primary eradication therapy. 
However, some studies have reported that these triple therapies 
are not superior to previous established therapies.40 These results 
might be associated with increasing resistance to fluoroquino-
lones, especially in Korea. The prevalence of fluoroquinolone-
resistance is high in Asia except China.41-43 These regional differ-
ence could be related to the proportion of patients taking these 
drugs since fluoroquinolone-resistance can be easily acquired.44 
A previous study reported that 10-day moxifloxacin-based 
triple therapy showed 71.9% of eradication rate by ITT analysis 
in our hospital.24 Furthermore, in vitro study regarding suscep-
tibility to fluoroquinolones performed in our hospital revealed 
an increasing resistant rate over time and getting up to 50% 
secondary resistant rate of H. pylori against moxifloxacin.35 For 
these reasons, this study may not show satisfactory eradication 
rates of moxifloxacin-based triple therapy.

In addition, poor compliance is also another important fac-
tor in treatment failure.36,45 Moxifloxacin-based triple therapy 
is more simpler than bismuth-containing quadruple therapy 
in the method of taking medicine, while bismuth-containing 
quadruple therapy entails a complex scheme in relation to the 
number of tablets and the method of administration, causing 
poor patient compliance.36,45 This study also showed that the MA 
group had better compliance than the BMT group, and revealed 
no significant difference according to treatment duration within 
the same regimen.

In our study, we found a higher rate of adverse events with 
14 days compared to 7 days of treatment duration in each ther-
apeutic regimen. Adverse events were increased as the duration 
of therapy was prolonged, but the rates of discontinued medica-
tion according to the duration of therapy were not significantly 
different. These phenomena may be due to the fact that most 
side effects causing discontinue eradication therapy appear in 
the early phase of treatment. 

The limitation of our study is its retrospective design. There 
were 77/596 (12.9%) follow-up losses in the BMT group and 
22/353 (6.2%) in the MA group (p<0.001). The overall adverse 
events were 71/596 (11.9%) in the BMT group compared with 
94/353 (26.6%) in the MA group (p<0.001). Adverse events 
could be lower in BMT group because the patients who experi-
enced adverse events might be exist in follow-up loss patients. 
Furthermore, limitation of the retrospective nature of this study 
hindered collecting interviews for adverse events. The adverse 
events may also be undervalued because no record about ad-
verse events was regarded as none of them. For these reasons, 
14-MA may show more adverse events than 14-BMT, which is 
a somewhat different finding from other studies.21,22,24 Therefore, 
assessment regarding adverse events through our study cannot 
be considered appropriate.
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In conclusion, treatment duration of 14 days may show bet-
ter results in high metronidazole resistant areas although the 
optimal treatment duration of bismuth-containing quadruple 
therapy as second-line is contro versial. If moxifloxacin-based 
triple therapy is decided as second-line therapy, the treatment 
duration should be 14 days considering high fluoroquinolone-
resistance in Korea. According to the European H. pylori study 
group, treatment regimens should achieve the eradication rate 
over 80% on ITT basis.46 Many capable alternative therapeutic 
options have been studied, but the choice of an appropriate 
second-line therapy is a yet challenging task for clinicians. Al-
though 7-BMT, 14-BMT, and 14-MA showed suboptimal effica-
cies in our study, it may be reasonable to use them as second-
line eradication therapy for the Korean population considering 
high antibiotic resistance. Since the eradication rate of bismuth-
containing quadruple therapy has been de creasing as time pro-
gressed and a similar result is expected in moxifloxacin-based 
triple therapy, further studies are needed to overcome this. 
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