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Background/Aims: As antibiotic resistance increases and new first-line therapies emerge, salvage therapies for Helicobacter pylori 
(H. pylori) eradication failures are becoming more common and complicated. This study aimed to systematically review overall sal-
vage regimens after previous failure of H. pylori eradication.
Materials and Methods: A systematic review of randomized clinical trials evaluating salvage therapies after previous H. pylori erad-
ication failure was performed. A meta-analysis was conducted when an adequate number of studies suitable for grouping was found.
Results: Overall, 36 studies with 77 treatment arms were identified, and they were highly heterogeneous regarding previously failed 
regimens and salvage regimens under comparison. Bismuth quadruple therapy after failure of standard triple therapy showed a 
pooled intention-to-treat (ITT) eradication rate of 75.5% (95% CI, 71.6~79.1%), and the rates were significantly higher with 
14-day therapy than 7-day therapy by 9% (95% CI, 2~15%). Levofloxacin triple therapy after failure of standard triple therapy dem-
onstrated a pooled ITT eradication rate of 73.3% (95% CI, 68.4~77.3%). In direct comparison, the two regimens were not sig-
nificantly different in eradication rates. No study evaluated salvage regimens after the failure of bismuth or non-bismuth quadruple 
therapy.
Conclusions: The current studies regarding salvage regimens are highly heterogeneous. Bismuth quadruple therapy and levo-
floxacin triple therapy may be a reliable option after failure of standard triple therapy, but the regional profile of antibiotic resistance 
should be considered. Further studies are needed for salvage regimens after failure of non-bismuth or bismuth quadruple therapy. 
(Korean J Helicobacter Up Gastrointest Res 2021;21:59-71)
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INTRODUCTION

Helicobacter pylori (H. pylori) infection is decreasing but 

still highly prevalent in Korea with a seroprevalence of 51% 

in 2015~2016.1 Eradication of H. pylori is associated with 

prevention of peptic ulcer recurrence and regression of gastric 

mucosa-associated lymphoid tissue lymphoma.2 In addition, 

H. pylori eradication can reduce the risk of metachronous 

recurrence in patients with early gastric cancer who under-

went endoscopic resection and the risk of gastric cancer 

development in individuals with a family history of gastric 

cancer in first-degree relatives.3,4

The Korean guidelines published in 2013 recommended 

a ‘standard’ triple therapy of proton pump inhibitor (PPI), 

clarithromycin, and amoxicillin as a first-line regimen.2 

However, with increased resistance to clarithromycin,5 the 

eradication rate of 7-day standard triple therapy is now 

only 70%.6 As a result, prescribing a salvage therapy after 

one or more failed eradication has become common in 
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984 of records excluded

11 of full-text articles excluded
- Population not eligible (n=2)
- Language is not English or Korean
  (n=9)

16 of studies included in
quantitative synthesis
(meta-analysis)

36 of studies included in
qualitative synthesis

47 of full-text articles
assessed for eligibility

1,031 of records screened

1,031 of records after
duplicates removed

0 of additional
records identified
through other
sources

1,465 of records identified
through database searching
- Ovid-MEDLINE (n=433)
- EMBASE (n=900)
- Cochrane Libraary (n=50)
- KoreaMed (n=82)
- KMBASE (n=0)

Fig. 1. Flow diagram showing the selection of the studies.

everyday practice. Because new regimens such as sequen-

tial or concomitant therapy have been suggested as new 

first-line treatment, choosing rescue therapy became 

more complicated.

In the Korean guideline, bismuth quadruple therapy 

was recommended after failure of first-line standard triple 

therapy.2 However, this guideline was not based on evi-

dences from systematic reviews. More recent evidence-

based guidelines recommend bismuth quadruple therapy 

or levofloxacin triple therapy as rescue regimens, but the 

detailed recommendations were slightly different with 

each other: Toronto guidelines recommended either bis-

muth quadruple therapy or levofloxacin triple therapy, 

American College of Gastroenterology guidelines favored 

bismuth quadruple therapy, and Maastricht V consensus 

report recommended either bismuth quadruple therapy or 

fluoroquinolone triple or quadruple therapy.7-9

Several systematic reviews evaluated salvage regimens for 

H. pylori infection with specific interest to levofloxacin-based 

therapy as a rescue regimen,10 comparison of levofloxacin 

triple therapy versus bismuth quadruple therapy,11 levo-

floxacin triple therapy as a third line regimen,12 re-

fabutin-based rescue therapy,13 rescue regimens after failure 

of clarithromycin triple therapy,14 or overall second-line 

therapy.15 However, data are still insufficient regarding overall 

salvage regimens for persistent H. pylori infection.

Therefore, this study aimed to systematically review 

overall randomized controlled trials (RCTs) evaluating sal-

vage regimens after previous failure of H. pylori erad-

ication therapy and to conduct a meta-analysis evaluating 

successful eradication rate of each salvage regimen.
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Table 1. Characteristics of Studies Included in the Meta-analyses

Study Country Previous regimen Salvage regimen 1

ITT 
erad-

ication 
rate

Salvage regimen 2

ITT 
erad-

ication 
rate

Chuah et 
al.18 
(2012)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Esomeprazole 40 mg bid, bis-
muth 300 mg qid, tetracycline 
500 mg qid, metronidazole 250 
mg qid, 14 days

86.0% 
(43/50)

Esomeprazole 40 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, 14 days

86.3%
(44/51)

Karatapanis 
et al.19 
(2009)

Greece Lansoprazole 30 mg bid, clari-
thromycin 500 mg bid, amox-
icillin 1 g bid, 7~10 days

Lansoprazole 30 mg bid, bismuth 
120 mg qid, tetracycline 500 mg 
qid, metronidazole 500 mg tid, 
10 days

78.9%
(30/38)

Lansoprazole 30 mg bid, levo-
floxacin 500 mg bid, amox-
icillin 1 g bid, 10 days

94.9%
(37/39)

Kuo et al.20 
(2009)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Esomeprazole 40 mg bid, bis-
muth 120 mg qid, tetracycline 
500 mg qid, metronidazole 250 
mg qid, 7 days

63.9%
(53/83)

Esomeprazole 40 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, 7 days

69.9%
(58/83)

Jung et al.21 
(2008)

Korea Omeprazole 20 mg bid, clari-
thromycin 500 mg bid, amox-
icillin 1 g bid, 7 days

Pantoprazole 20 mg bid, bismuth 
600 mg bid, tetracycline 500 mg 
qid, metronidazole 500 mg tid, 
7 days

48.9%
(22/45)

Pantoprazole 20 mg bid, levo-
floxacin 300 mg bid, smox-
icillin 1 g bid, 7 days

51.6%
(16/31)

Jheng et al.22 
(2015)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, 7 days

Rabeprazole 20 mg bid, bismuth 
120 mg qid, tetracycline 500 mg 
qid, metronidazole 250 mg qid, 
10 days

92.1%
(58/63)

Rabeprazole 20 mg bid, amox-
icillin 1 g bid, tetracycline 500 
mg qid, metronidazole 250 mg 
qid, 10 days

90.2%
(55/61)

Kuo et al.23 
(2013)

Taiwan Esomeprazole 40 mg bid, clari-
thromycin 500 mg bid, amox-
icillin 1 g bid, duration not 
specified

Esomeprazole 40 mg bid, bis-
muth 300 mg qid, tetracycline 
500 mg qid, metronidazole 500 
mg qid, 10 days

79.7%
(59/74)

Esomeprazole 40 mg bid, bis-
muth 300 mg qid, tetracycline 
500 mg qid, levofloxacin 500 
mg qd, 10 days

78.9%
(60/76)

Moon et 
al.24 
(2013)

Korea Lansoprazole, clarithromycin, 
amoxicillin, dose not speci-
fied, 7 days

Lansoprazole 30 mg bid, bismuth 
120 mg qid, tetracycline 500 mg 
qid, metronidazole 500 mg tid, 
7 days

84.2%
(48/57)

Lansoprazole 30 mg bid, metro-
nidazole 500 mg tid, levo-
floxacin 500 mg qd, 7 days

67.9%
(38/56)

Wu et al.25 
(2011)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Esomeprazole 40 mg bid, bis-
muth 120 mg qid, tetracycline 
500 mg qid, metronidazole 250 
mg qid, 7 days

80.6%
(50/62)

Esomeprazole 40 mg bid, bis-
muth 120 mg qid, tetracycline 
500 mg qid, amoxicillin 500 mg 
qid, 7 days

94.7%
(36/38)

Uygun et 
al.26 
(2008)

Turkey Lansoprazole 30 mg bid, clari-
thromycin 500 mg bid, amox-
icillin 1 g bid, 14 days

Three-group comparison
(Group 1) lansoprazole 30 mg 

bid, bismuth 300 mg qid, tetra-
cycline 500 mg qid, metronida-
zole 500 mg bid, 14 days

78.0% 
(78/100)

(Group 2) lansoprazole 30 mg 
bid, bismuth 300 mg qid, met-
ronidazole 500 mg bid, amox-
icillin 1 g bid, 14 days

68.0%
(68/100)

(Group 3) lansoprazole 30 mg 
bid, bismuth 300 mg qid, tetra-
cycline 500 mg qid, amoxicillin 
1 g bid, 14 days

75.0%
(75/100)

Wu et al.27 
(2017)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Rabeprazole 20 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, 10 days

60.5%
(23/38)

Rabeprazole 20 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, bismuth 120 mg qid, 
10 days

80.0%
(28/35)

Chuah et 
al.28 
(2016)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Esomeprazole 40 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, 10 days

80.5%
(66/82)

Esomeprazole 40 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, metronidazole 500 mg 
tid, sequential 10 days

90.2%
(74/82)

Chuah et 
al.29 
(2012)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Esomeprazole 40 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, 7 days

78.1%
(50/64)

Esomeprazole 40 mg bid, tetra-
cycline 500 mg qid, amoxicillin 
1 g bid, 14 days

75.0%
(48/64)
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Table 1. Continued

Study Country Previous regimen Salvage regimen 1

ITT 
erad-

ication 
rate

Salvage regimen 2

ITT 
erad-

ication 
rate

Hu et al.30 
(2011)

Taiwan PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Esomeprazole 40 mg bid, levo-
floxacin 500 mg qd, amoxicillin 
1 g bid, 7 days

68.9%
(31/45)

Esomeprazole 40 mg bid, metro-
nidazole 250 mg qid, amox-
icillin 1 g bid, 14 days

84.4%
(38/45)

Chung et 
al.49 
(2011)

Korea Lansoprazole, clarithromycin, 
amoxicillin, dose not speci-
fied, duration not specified

Pantoprazole 40 mg bid, bismuth 
300 mg bid, tetracycline 500 mg 
qid, metronidazole 500 mg tid, 
7 days

81.6%
(80/98)

Pantoprazole 40 mg bid, bis-
muth 300 mg bid, tetracycline 
500 mg qid, metronidazole 500 
mg tid, 14 days

85.1%
(86/101)

Lee et al.50 
(2010)

Korea PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Esomeprazole 20 mg bid, bis-
muth 300 mg qid, tetracycline 
500 mg qid, metronidazole 500 
mg tid, 7 days

64.3%
(72/112)

Esomeprazole 20 mg bid, bis-
muth 300 mg qid, tetracycline 
500 mg qid, metronidazole 500 
mg tid, 14 days

82.6%
(95/115)

Yoon et al.51 
(2012)

Korea PPI bid, clarithromycin 500 mg 
bid, amoxicillin 1 g bid, dura-
tion not specified

Pantoprazole 40 mg bid, bismuth 
300 mg bid, tetracycline 500 mg 
qid, metronidazole 500 mg tid, 
7 days

83.5%
(71/85)

Pantoprazole 40 mg bid, bis-
muth 300 mg bid, tetracycline 
500 mg qid, metronidazole 500 
mg tid, 14 days

85.7%
(72/84)

ITT, intention to treat; bid, twice a day; qid, four times a day; qd, once a day; tid, three times a day; PPI, proton pump inhibitor.

MATERIALS AND METHODS

1. Literature search and selection

A systematic bibliographic search was conducted in 

Ovid-MEDLINE, EMBASE, Cochrane Library, KoreaMed, 

and KMBASE. Search strategies were constructed using 

combinations of keywords as follows: (Helicobacter pylori 

OR Helicobacter infections OR H. pylori infection) AND 

(failure OR retreatment OR second OR salvage OR non-

response) AND (eradication). References cited in the rele-

vant articles and reviews were also checked for potential 

eligibility. Two authors (H.J.Y. and W.G.S.) independently 

reviewed the search outcomes and selected studies, and 

disagreements were resolved by discussion between the 

two authors. Inclusion criteria were 1) a RCT as the study 

design; 2) adult participants with previous failure of H. 

pylori eradication treatment as the study population; 3) 

two or more salvage treatment regimens containing at 

least one antibiotics plus PPI with different antibiotics, 

duration, or PPIs as intervention and comparator; 4) a 

successful eradiation rate as the outcome; 5) published 

between 2008 and 2018; and 6) written in English or 

Korean. Exclusion criteria were 1) nonrandomized or ob-

servational studies; 2) studies that included children or 

adolescents; 3) studies comparing agents such as pro-

biotics or adjuvants other than antibiotics or PPI; 4) stud-

ies with no eradiation rates reported; 5) duplicated pub-

lication; 6) unable to obtain full text; and 7) expert opin-

ion, review, and guidelines. This review was conducted in 

accordance with Preferred Reporting Items for Systemic 

Reviews and Meta-Analysis (PRISMA) statements.16

2. Data extraction

Data were extracted using a pre-specified data ex-

traction table by two independent authors. Variables ex-

tracted were as follows: year of publication, country, 

number of patients overall and in each arm, mean age of 

patients, gender, previous treatment regimens including 

treatment duration and specific types and doses of anti-

biotics and PPI, duration of treatment, PPI type, dose, and 

schedule, antibiotics dose and schedule, timing of test to 

confirm eradication, successful eradiate rates by in-

tention-to-treat (ITT) and per-protocol (PP) analyses.

3. Risk of bias in individual studies

The risk of bias in included studies were evaluated using 

the risk of bias (RoB) tool developed by Cochrane 
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Fig. 2. Risk of bias of studies included in the meta-analyses.

collaboration.17 The criteria was consisted of randomization, 

allocation concealment, blinding of participants and person-

nel, blinding of outcome assessment, incomplete outcome 

data, and selective outcome reporting, and other bias. Each 

criterion was recorded as low risk, high risk, or unclear. 

Two authors independently evaluated, and any discordance 

was resolved by consensus.

4. Statistical analysis

A meta-analysis was conducted when there were at 

least three studies reporting eradication rates of a treat-

ment regimen or comparisons suitable for grouping. The 

pooled eradication rates and 95% CIs of a single salvage 

regimen were estimated both for ITT and PP analyses. 

Subgroup analyses were conducted to evaluate whether 

the eradication rate was different according to the treat-

ment duration of a salvage regimen. The risk difference 

(RD) and 95% CI were calculated to compare eradication 

regimens using Review Manager (RevMan, version 5.3.5; 

Cochrane Collaboration, Copenhagen, Denmark). The het-

erogeneity of the studies was assessed using I2 statistics. 

The publication bias was planned but not evaluated be-

cause there was no comparison with 10 or more studies.

RESULTS

1. Study identification and selection

A flow diagram of how relevant studies were selected 

was presented in Fig. 1. The original database search re-

trieved 1,465 articles. Among them, 434 articles were du-

plicated, and 984 studies were excluded by the initial 

screening by reviewing title and abstract, leaving 47 pa-

pers for the full text review. The articles were further ex-

cluded because study population were not eligible (n=2) 

or language was not English or Korean (n=9). As a results, 

we selected 36 RCTs (with 77 treatment arms) that com-

pared two or more regimens, treatment durations, or PPIs 

in salvage therapy after at least one failure of previous H. 

pylori eradication for systematic review.18-53

2. Characteristics of studies

Among the 36 RCTs, 24 studies compared second-line 

regimens,18-41 five studies compared third-line regimens,42-46 

five studies compared different durations of a salvage regi-

men,47-51 and two studies compared PPIs in a salvage regi-
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Group by 
treatment 
duration Study

Statistics for each study

Event rate and 95% CIEvent rate Lower limit Upper limit Z-value P-value
10-/14-day Karatapanis et al.19 (2009) 0.789 0.632 0.891 3.322 0.001

-1.00 -0.50 0.00 0.50 1.00

10-/14-day Kuo et al.23 (2013) 0.797 0.691 0.874 4.736 0.000
10-/14-day Jheng et al.22 (2015) 0.921 0.823 0.967 5.259 0.000
10-/14-day Uygun et al.26 (2008) 0.780 0.688 0.851 5.243 0.000
10-/14-day Chuah et al.18 (2012) 0.860 0.734 0.932 4.454 0.000
10-/14-day 0.816 0.769 0.856 10.116 0.000
7-day Jung et al.21 (2008) 0.489 0.348 0.632  -0.149 0.882
7-day Wu et al.25 (2011) 0.806 0.689 0.887   4.440 0.000
7-day Kuo et al.20 (2009) 0.639 0.530 0.734 2.491 0.013
7-day Moon et al.24 (2013) 0.842 0.724 0.916 4.608 0.000
7-day 0.684 0.620 0.742 5.345 0.000
Overall 0.755 0.716 0.791 10.904 0.000

Favours A        Favours B

 A
Group by 
treatment 
duration Study

Statistics for each study

Event rate and 95% CIEvent rate Lower limit Upper limit Z-value P-value
10-/14-day Karatapanis et al.19 (2009) 0.857 0.700 0.939 3.709 0.000

-1.00 -0.50 0.00 0.50 1.00

10-/14-day Kuo et al.23 (2013) 0.908 0.809 0.958 5.334 0.000
10-/14-day Jheng et al.22 (2015) 0.933 0.835 0.975 5.099 0.000
10-/14-day Uygun et al.26 (2008) 0.821 0.731 0.886 5.692 0.000
10-/14-day Chuah et al.18 (2012) 0.915 0.794 0.968 4.543 0.000
10-/14-day 0.873 0.829 0.907 10.751 0.000
7-day Jung et al.21 (2008) 0.629 0.460 0.771 1.504 0.133
7-day Wu et al.25 (2011) 0.831 0.713 0.906 4.580 0.000
7-day Kuo et al.20 (2009) 0.841 0.729 0.912 4.837 0.000
7-day Moon et al.24 (2013) 0.923 0.812 0.971 4.775 0.000
7-day 0.806 0.742 0.857 7.613 0.000
Overall 0.844 0.807 0.874 13.029 0.000

Favours A        Favours B

 B

Fig. 3. Forest plot of successful eradication rates of bismuth quadruple therapy after failure of standard triple therapy. (A) Intention-to-treat analysis
and (B) per-protocol analysis.

men (Supplementary Table 1).52,53 These studies were highly 

heterogeneous with respect to previous failed regimens and 

salvage regimens under comparison. Of the 24 second-line 

studies,18-41 15 studies included patients who failed standard 

triple therapy.18-32 There was no study that compared sal-

vage regimens after failure of first-line non-bismuth quad-

ruple therapy (sequential therapy or concomitant therapy), 

or bismuth quadruple therapy. After failure of standard tri-

ple therapy, bismuth quadruple therapy (PPI, bismuth, tet-

racycline, and metronidazole) was evaluated in nine tri-

als,18-26 and levofloxacin triple therapy (PPI, levofloxacin, 

and amoxicillin) was in eight trials:18-21,27-30 four of them di-

rectly compared the two regimens.18-21 The other regimens 

were evaluated only in one or two studies. No study for 

third-line treatment evaluated salvage regimens after failure 

of second-line bismuth quadruple therapy following 

first-line standard triple or non-bismuth quadruple therapy. 

Each third-line salvage regimen was evaluated only in one 

or two studies. Among the five studies compared different 

treatment durations of a salvage therapy,47-51 three studies 

compared 7-day versus 14-day bismuth quadruple therapy 

after failure of first-line standard triple therapy.49-51

Consequently, a total of 16 RCTs were included in the 

following four meta-analyses (Table 1): 1) pooled eradication 

rate of bismuth quadruple therapy after failure of first-line 

standard triple therapy (n=9);18-26 2) 7-day versus 14-day bis-

muth quadruple therapy after failure of first-line standard 

triple therapy (n=3);49-51 3) pooled eradication rate of levo-
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Study or subgroup
14-day 7-day Weight 

(%)
RD RD

Events Total Events Total M-H, fixed, 95% CI M-H, random, 95% CI
Lee et al.50 (2010) 95 115 72 112 38.2 0.18 (0.07, 0.30)

-1.0 -0.5 0.0 0.5 1.0

Chung et al.49 (2011) 86 101 80 98 33.4 0.04 (-0.07, 0.14)
Yoon et al.51 (2012) 72 84 71 85 28.4 0.02 (-0.09, 0.13)

Total (95% CI) 300 295 100.0 0.09 (0.02, 0.15)
Total events 253 223
Heterogeneity: chi2=5.17, df=2 (P=0.08), I2=61%
Test for overall effect: Z=2.73 (P=0.006) Favours 7-day   Favours 14-day

 A

Study or subgroup
14-day 7-day Weight 

(%)
RD RD

Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Lee et al.50 (2010) 88 94 71 92 35.4 0.16 (0.07, 0.26)

-1.0 -0.5 0.0 0.5 1.0

Chung et al.49 (2011) 77 80 78 87 31.8 0.07 (-0.01, 0.14)
Yoon et al.51 (2012) 72 81 71 92 32.8 0.12 (0.01, 0.23)

Total (95% CI) 255 271 100.0 0.12 (0.06, 0.17)
Total events 237 220
Heterogeneity: chi2=2.62, df=2 (P=0.27), I2=24%
Test for overall effect: Z=4.13 (P<0.0001) Favours 7-day   Favours 14-day

 B
Fig. 4. Forest plot of successful eradication rates comparing 7-day and 14-day bismuth quadruple therapy after failure of standard triple therapy. 
(A) Intention-to-treat analysis and (B) per-protocol analysis. RD, risk difference; M-H, Mantel-Haenszel test.

floxacin triple therapy after failure of first-line standard triple 

therapy (n=8);18-21,27-30 and 4) bismuth quadruple therapy ver-

sus levofloxacin triple therapy after failure of first-line stand-

ard triple therapy (n=4).18-21

3. Risk of bias in individual studies

Fig. 2 shows the quality assessment of the studies in-

cluded in the meta-analysis. There was no high risk of 

bias in the 16 studies. Blinding of participants, inves-

tigators, and outcome assessors were adequate in all 

studies. Incomplete outcome data and selective reporting 

were unclear only in one study. However, allocation con-

cealment was adequate only in four studies, and random 

sequence in 11 studies.

4. Bismuth quadruple therapy after failure of 
standard triple therapy

A total of 572 patients received bismuth quadruple 

therapy after failure of first-line standard triple therapy in 

nine studies, and the eradication was successful in 441 

patients.18-26 The pooled eradication rates were 75.5% 

(95% CI, 71.6~79.1%; I2=78.25%) in ITT analysis and 

84.4% (95% CI, 80.7~87.4%; I2=61.8%) in PP analysis (Fig. 3). 

In the subgroup analyses, the ITT pooled eradication rates 

were 68.4% (95% CI, 53.0~73.4%; I2=34.5%) after 7-day 

therapy and 81.6% (95% CI, 76.9~85.6%; I2=83.9%) after 

10-14-day therapy (P<0.001). In the PP analysis, success-

ful eradication rates were 80.6% (95% CI, 74.2~85.7%; 

I2=29.6%) after 7-day therapy and 87.3% (95% CI, 

82.9~90.7%; I2=73.8%) after 10-14-day therapy (P<0.001).

In the three RCTs that compared 7-day versus 14-day 

bismuth quadruple therapy after failure of first-line stand-

ard triple therapy, 595 patients were included: of whom 

295 were treated with 7-day therapy and 300 were treat-

ed with 14-day therapy.49-51 In the meta-analysis, the 

eradication rates were significantly higher with 14-day 

therapy than 7-day therapy by 9% point (95% CI, 2~15%; 

I2=61%) in ITT analysis and 12% point (95% CI, 1~23%; 

I2=24%) in PP analysis (Fig. 4).
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Group by 
treatment 
duration Study

Statistics for each study

Event rate and 95% CIEvent rate Lower limit Upper limit Z-value P-value
10-/14-day Karatapanis et al.19 (2009) 0.949 0.817 0.987 4.019 0.000

-1.0 -0.5 0.0 0.5 1.0

10-/14-day Chuah et al.28 (2016) 0.805 0.705 0.877 5.085 0.000
10-/14-day Wu et al.27 (2017) 0.605 0.444 0.746 1.288 0.198
10-/14-day Chuah et al.18 (2012) 0.863 0.739 0.933 4.518 0.000
10-/14-day 0.785 0.719 0.840 7.091 0.000
7-day Jung et al.21 (2008) 0.516 0.345 0.683 0.180 0.857
7-day Kuo et al.20 (2009) 0.699 0.592 0.788 3.517 0.000
7-day Hu et al.30 (2011) 0.689 0.541 0.806 2.469 0.014
7-day Chuah et al.29 (2012) 0.781 0.664 0.866 4.210 0.000
7-day 0.691 0.626 0.749 5.437 0.000
Overall 0.731 0.684 0.773 8.685 0.000

Favours A        Favours B

 A
Group by 
treatment 
duration Study

Statistics for each study

Event rate and 95% CIEvent rate Lower limit Upper limit Z-value P-value
10-/14-day Karatapanis et al.19 (2009) 0.974 0.835 0.996 3.563 0.000

-1.0 -0.5 0.0 0.5 1.0

10-/14-day Chuah et al.28 (2016) 0.815 0.715 0.885 5.180 0.000
10-/14-day Wu et al.27 (2017) 0.667 0.492 0.805 1.877 0.061
10-/14-day Chuah et al.18 (2012) 0.936 0.820 0.979 4.501 0.000
10-/14-day 0.813 0.743 0.867 7.090 0.000
7-day Jung et al.21 (2008) 0.533 0.358 0.701 0.365 0.715
7-day Kuo et al.20 (2009) 0.753 0.645 0.837 4.222 0.000
7-day Hu et al.30 (2011) 0.756 0.603 0.863 3.111 0.002
7-day Chuah et al.29 (2012) 0.803 0.685 0.885 4.368 0.000
7-day 0.732 0.666 0.789 6.260 0.000
Overall 0.764 0.717 0.806 9.290 0.000

Favours A        Favours B

 B

Fig. 5. Forest plot of successful eradication rates of levofloxacin triple therapy after failure of standard triple therapy. (A) Intention-to-treat analysis
and (B) per-protocol analysis.

5. Levofloxacin triple therapy after failure of 
standard triple therapy

Levofloxacin triple therapy after failure of first-line stand-

ard triple therapy was administered to 433 patients in eight 

studies and was successful in 325 patients.18-21,27-30 The ITT 

and PP pooled eradication rates were 73.3% (95% CI, 

68.4~77.3%; I2=71.9%) and 76.4% (95% CI, 71.7~80.6%; 

I2=70.5%), respectively (Fig. 5). The subgroup analyses 

showed that the eradication rate of 10-14-day therapy was 

significantly higher than 7-day therapy in the ITT analysis 

(78.5%; 95% CI, 71.9~84.0%; I2=78.3% vs. 69.1%; 95% CI, 

62.6~74.9%; I2=55.0%; P=0.036) but not in the PP analysis 

(81.3%; 95% CI, 74.3~86.7%; I2=77.0% vs. 73.2%; 95% CI, 

66.6~78.9%; I2=60.1%; P=0.076).

In a factorial RCT that was included in the systematic 

review, the authors compared 7-day versus 10-day ther-

apy and levofloxacin 500 mg once versus twice daily in 

the levofloxacin triple therapy as a rescue after failure of 

first-line PPI, clarithromycin, and either amoxicillin or 

metronidazole.48 In the results, 10-day therapy showed a 

higher ITT eradication rate of 87.5% (70/80) than 7-day 

therapy of 67.5% (54/80) (P<0.005), while there was no 

difference in the eradiation rates between levofloxacin 

500 mg once versus twice daily.

6. Bismuth quadruple therapy vs. levofloxacin 
triple therapy after failure of standard triple 
therapy

Bismuth quadruple therapy and levofloxacin triple ther-

apy were directly compared as second-line regimens after 
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Study or subgroup

Bismuth quadruple 
therapy

Levofloxacin triple 
therapy Weight 

(%)
RD RD

Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Chuah et al.18 (2012) 43 50 44 51 24.2 -0.00 (-0.14, 0.13)

-1.0 -0.5 0.0 0.5 1.0

Jung et al.21 (2008) 22 45 16 31 17.6 -0.03 (-0.26, 0.20)
Karatapanis et al.19 (2009) 30 38 37 39 18.4 -0.16 (-0.31, -0.01)
Kuo et al.20 (2009) 53 83 58 83 39.8 -0.06 (-0.20, 0.08)

Total (95% CI) 216 204 100.0 -0.06 (-0.14, 0.02)
Total events 148 155
Heterogeneity: chi2=2.53, df=3 (P=0.47), I2=0% Favours PAL   Favours PBTM
Test for overall effect: Z=1.41 (P=0.16)

 A

Study or subgroup

Bismuth quadruple 
therapy

Levofloxacin triple 
therapy Weight 

(%)
RD RD

Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Chuah et al.18 (2012) 43 47 44 47 25.4 -0.02 (-0.13, 0.08) 

-1.0 -0.5 0.0 0.5 1.0

Jung et al.21 (2008) 22 35 16 30 17.5 0.10 (-0.14, 0.34)
Karatapanis et al.19 (2009) 30 35 37 38 19.7 -0.12 (-0.24, 0.01) 
Kuo et al.20 (2009) 53 63 58 77 37.5 0.09 (-0.04, 0.22)

Total (95% CI) 180 192 100.0 0.22 (-0.05, 0.10)
Total events 148 155
Heterogeneity: chi2=6.52, df=3 (P=0.09), I2=54% Favours PAL   Favours PBTM
Test for overall effect: Z=0.56 (P=0.58)

 B
Fig. 6. Forest plot of successful eradication rate comparing bismuth quadruple therapy(PBTM) and levofloxacin triple therapy (PAL) after failure 
standard triple therapy. (A) Intention-to-treat analysis and (B) per-protocol analysis. RD, risk difference; M-H, Mantel-Haenszel test.

failure of first-line standard triple therapy in 420 patients 

in four trials: 216 patients received bismuth quadruple 

therapy and 204 patients received levofloxacin triple 

therapy (Fig. 6).18-21 There was no significant difference in 

the eradication rates both in ITT and PP analyses. In de-

tail, there was a tendency of favoring levofloxacin triple 

therapy over bismuth quadruple therapy by 6% point 

(95% CI, -2% to 14%; I2=0%; P=0.160) in the ITT analysis, 

but a tendency of favoring bismuth quadruple therapy 

over levofloxacin triple therapy by 2% point (95% CI, -5% 

to 10%; I2=54%; P=0.580).

DISCUSSION

In this study, we systematically reviewed salvage therapies 

after failure of previous H. pylori eradication treatment and 

found that the regimens were highly heterogeneous. Among 

them, evidences were relatively sufficient for 14-day bis-

muth quadruple therapy and 10-day levofloxacin triple ther-

apy after failure of first-line standard triple therapy. On the 

contrary, there was no study that evaluated salvage regimens 

after failure of bismuth or non-bismuth quadruple therapy.

In our systematic review, studies were sufficiently robust 

to support second-line salvage regimen after failure of 

standard triple therapy. Nine and eight RCTs evaluated bis-

muth quadruple therapy and levofloxacin triple therapy, re-

spectively, and four of them directly compared the two 

treatments. The pooled eradication rates of the regimens 

were comparable to each other, and particularly, there was 

no significant difference in the successful eradication rates 

between the two regimens. In previous meta-analyses, 

10-day levofloxacin triple therapy demonstrated higher 

eradiation rate than 7-day bismuth quadruple therapy.10,11 

It seems that the two regimens showed similar efficacy be-

cause they were administered for the same duration at each 

study in our analysis (7, 10, or 14 days each). However, be-

fore applying these results to our practice, it is necessary 

to consider the pattern of H. pylori antibiotic resistance in 

Korea. In a recent nationwide study, the prevalence of lev-

ofloxacin-resistant H. pylori strain was 37.0%.5 The efficacy 
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of levofloxacin triple therapy is substantially compromised 

for H. pylori with levofloxacin resistance.18 Therefore, in 

Korea, bismuth quadruple therapy, rather than levofloxacin 

triple therapy, can be recommended as a second-line treat-

ment after failure of standard triple therapy. This is con-

sistent with the previous Korean guidelines.2 However, this 

guideline lacked the recommendation on the duration of 

this regimen. In our analysis, 10-/14-day treatment showed 

>80% ITT and >85% PP eradication rates in the subgroup 

analysis, and 14-day treatment showed significantly higher 

eradication rates than 7-day treatment in the direct 

comparison. In the abovementioned study, the prevalence 

of metronidazole resistance was also high as 29.5% in 

Korea.5 Increasing duration and dose of metronidazole can 

overcome the metronidazole resistance.54 Therefore, 14-day 

bismuth quadruple therapy would be most suitable option 

for the salvage treatment after failure of standard triple 

therapy in Korea.

The evidence regarding salvage regimen after failure of 

non-bismuth or bismuth quadruple therapy was very 

weak in our study because no RCT was identified in the 

literature review. Similarly, recent guidelines provided 

recommendations based on the meta-analyses of cohort 

studies.7-9 Levofloxacin triple therapy showed 81% (95% 

CI, 71~91%) eradication rate after failure of non-bismuth 

quadruple therapy in a meta-analysis of 86 patients in 

five observational studies.14 Meanwhile, bismuth quad-

ruple therapy presented 85% (95% CI, 63~100%) erad-

ication rate after failure of non-bismuth quadruple ther-

apy in another meta-analysis of two studies of unknown 

number of patients.7 Thus, bismuth quadruple therapy 

may be recommended as a salvage regimen after failure 

of non-bismuth quadruple therapy in Korea because of 

high levofloxacin resistance rate. Nevertheless, levo-

floxacin triple therapy may be considered after failure of 

bismuth quadruple therapy. A meta-analysis of 501 pa-

tients in five cohort studies conducted in Maastricht V re-

port showed 70.0% (95% CI, 62.4~76.6%) eradication rate 

of third-line levofloxacin triple therapy.7 In a recent 

Korean retrospective cohort study, the eradication rate 

of third-line levofloxacin triple therapy was 56.9% 

(62/109).55 Taken together with these studies and guide-

lines, our study emphasizes the urgent need for the stud-

ies regarding salvage regimens after failure of non-bis-

muth or bismuth quadruple therapy. Potential new sal-

vage regimens may include levofloxacin-bismuth therapy 

(PPI, amoxicillin, levofloxacin, bismuth) that is expected 

to overcome levofloxacin resistance using bismuth.27,36

There are several limitation in our study. First, we in-

cluded RCTs only, but this strategy may not appropriate 

to evaluate salvage regimens after failure of non-bismuth 

quadruple therapy because this regimen was introduced 

more relatively than the standard triple therapy. Second, 

the studies included in the review were highly heteroge-

neous and the number of studies included in the 

meta-analysis was small that publication bias was not 

assessed. Third, only five of 16 studies that were included 

in the meta-analysis were conducted in Korea, which 

compromised applicability of study results to Korean 

patients. The efficacy of H. pylori eradication can be af-

fected by regional differences in antibiotic resistance. So, 

although levofloxacin triple therapy showed similar effi-

cacy to bismuth quadruple therapy in the meta-analysis, 

this regimen may not be recommended as a salvage regi-

men after failure of standard triple therapy in Korea be-

cause of high H. pylori resistance rate to levofloxacin.

In conclusion, the present systematic review showed 

that the current studies regarding salvage regimens were 

highly heterogeneous. Bismuth quadruple therapy and 

levofloxacin triple therapy may be reliable option after 

failure of standard triple therapy, but regional profile in 

antibiotics resistance should be considered. Further stud-

ies are needed to evaluate salvage regimens after failure 

of non-bismuth or bismuth quadruple therapy.
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