
https://doi.org/10.1177/2040622318758240 
https://doi.org/10.1177/2040622318758240

Ther Adv Chronic Dis

2018, Vol. 9(4) 93–102

DOI: 10.1177/ 
2040622318758240

© The Author(s), 2018.  
Reprints and permissions:  
http://www.sagepub.co.uk/
journalsPermissions.nav

Therapeutic Advances in Chronic Disease

journals.sagepub.com/home/taj	 93

Introduction
Gigerenzer1 recently suggested that the confusion 
between uncertainty and risk is one of the major 
causes of erroneous decisions in medicine. Risk 
can be measured and adequately estimated only 
in controlled environments such as tossing a coin 
or playing a casino game. By contrast, most real-
life situations such as health decisions, economic 
predictions or human relationships are situations 
of uncertainty. Situations of uncertainty depend 
on many different variables that fulfill two condi-
tions: the variables can affect the outcome, and 
they cannot be measured precisely. In this con-
text, complex algorithms or complicated attempts 
to calculate risk may lead to biased appreciations 
and erroneous decisions; in fact, a few simple 
rules of thumb tend to work much better for 
uncertain situations.

Helicobacter pylori, one of the most prevalent 
human infections, is the main cause of peptic ulcer 
and gastric cancers and is a major public health 
problem.2,3 It has been clearly demonstrated that 
cure of the infection also leads to cure of the pep-
tic ulcer and may prevent gastric cancer develop-
ment.4 Unfortunately, trials so far have failed to 
identify a single gold standard treatment for H. 
pylori infection, since cure rates for most treat-
ments vary from study to study. The variability in 
the responses to treatment has been attributed to 

antibiotic resistances. Regrettably, antibiotic 
resistances in an individual patient are difficult 
(and expensive) to assess and in clinical practice 
are rarely obtained. Furthermore, not all the pos-
sible antibiotic combinations in all the possible 
conditions have been tested by randomized con-
trolled trials. Therefore, the information provided 
by the scientific evidence is very useful but lim-
ited, and needs to be generalized to a wide spec-
trum of clinical situations.

In addition to antibiotic resistances, response to 
treatment can be influenced by many other fac-
tors that are difficult to measure. First, it is often 
impossible to predict a priori whether a patient 
will develop adverse reactions to antibiotics so 
severe as to require treatment discontinuation. 
Second, patients have beliefs and economic and 
cultural constraints which may negatively influ-
ence adherence to treatment. Finally, patients 
present idiosyncratic differences which may affect 
the outcome of the H. pylori treatment. In this 
regard, Furuta and colleagues5 clearly demon-
strated that slow metabolizers with reduced 
cytochrome 2P19 activity achieve far higher levels 
of antibiotics, more intense acid inhibition, and 
better cure rates. As the determination of 
cytochrome activity is complex and has been per-
formed only in the setting of clinical trials, this 
information is never available to clinicians.
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In consequence, when treating an individual 
patient, clinicians face a situation of uncertainty; 
they rarely know whether the infecting H. pylori 
strain is resistant to antibiotics, and, if it is, to 
which antibiotics. Furthermore, it is impossible to 
determine the potential effect of the other known 
and unknown variables that might influence the 
efficacy of the treatment. In this case, using a few 
simple rules of thumb may be a better approach 
than complicated treatment algorithms. The rules 
of thumb we propose here are not new; they are 
based on the available evidence, and have been 
tested in earlier meta-analyses. Some of them 
have been already proposed as methods to opti-
mize H. pylori treatment,6 and they underlie the 
recommendations of the Spanish Consensus, the 
Toronto Consensus, the Maastricht Consensus 
and the American College of Gastroenterology 
Consensus,7–10 even though they are never explic-
itly mentioned.

Although these consensus statements are similar 
overall, the specific recommendations can vary 
significantly and some of them are highly com-
plex.7–10 A few clear, simple rules of thumb may 
help the clinician to choose wisely between diver-
gent recommendations. The ones we propose for 
current H. pylori treatment are shown in Table 1.

Rule of thumb 1: use four drugs
Triple therapy combining a proton pump inhibi-
tor (PPI), clarithromycin and amoxicillin has 
been the treatment of choice for a long time. 
Recent trials and meta-analyses, however, have 
shown that it may fail in approximately 20–30% 
of patients, and, in clinical practice, this rate may 
be even higher.11 Many new treatments have been 
evaluated in the search for better cure rates. Of all 
of them, quadruple therapies have been the most 
successful alternatives. Overall, three main groups 
of quadruple therapies have been assessed in  
the literature: (a) adding metronidazole to classi-
cal clarithromycin-containing triple therapy, (b) 
classical PPI-bismuth-metronidazole-tetracycline 

quadruple therapy, and (c) adding bismuth to tri-
ple therapy.

(a) Adding metronidazole to triple therapy
Therapies using a PPI, metronidazole, clarithro-
mycin and metronidazole have been extensively 
evaluated. A total of three main therapies have 
been assessed, all containing a PPI, clarithromy-
cin metronidazole and amoxicillin. Concomitant 
therapy uses all four drugs for 10–14 days; hybrid 
therapy consists in a PPI plus amoxicillin for 10–
14 days, adding clarithromycin and metronida-
zole for the last 5–7 days, and sequential treatment 
gives a PPI for 10–14 days, administering amoxi-
cillin in the first 5–7 days and clarithromycin and 
metronidazole for the second half of the treat-
ment. Meta-analyses have found these quadruple 
therapies to be superior to triple therapy, except 
possibly sequential treatment, when compared 
with 14-day triple therapy.12,13 The superiority of 
one quadruple therapy over another is controver-
sial. The meta-analyses published14,15 found no 
differences in tolerability or efficacy between the 
three types of nonbismuth quadruple therapies; 
however, the Toronto Consensus specifically per-
formed an updated meta-analysis which showed 
that cure rates are better with concomitant than 
with sequential therapy.8 Additionally, the 
Spanish consensus suggested that concomitant 
therapy may be better in patients infected with 
antibiotic-resistant strains.7 Cure rates of around 
90% with concomitant therapy have consistently 
been reported in most published studies and this 
approach has also proved effective in primary 
care.16 For all these reasons, concomitant therapy 
may be a first-line treatment of choice.

(b) The combination of a PPI, bismuth, 
metronidazole and tetracycline
This is usually termed ‘classical’ or ‘bismuth’ 
quadruple therapy, has long been used for H. 
pylori treatments. It has been shown to be supe-
rior to triple therapy in most recent meta-analy-
ses.17–19 The combination seems to work 
acceptably even in the presence of ‘in vitro’ resist-
ance to metronidazole. In the meta-analysis by 
Venerito and colleagues19 classical quadruple 
therapy achieved a 92% cure rate in patients car-
rying sensitive strains compared with 84% in 
patients infected by a resistant strain.

In many western countries a 3-in-1 pill is availa-
ble, combining metronidazole, tetracycline and 

Table 1.  Rules of thumb for optimizing Helicobacter 
pylori treatment.

1. Use four drugs
2. Use maximal acid inhibition
3. Treat for 2 weeks
4. Do not repeat antibiotics after treatment failure
5. If your treatment works locally, keep using it.
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bismuth. This presentation simplifies dosing for 
patients and allows the use of this quadruple ther-
apy in countries where tetracyclines or bismuth 
are not available. This combination has also been 
shown to achieve cure rates of over 90% in most 
published studies.16 In fact, nearly all the consen-
sus statements recommend classical quadruple 
therapy as first-line treatment.7–10,16

(c) Adding bismuth to triple therapy
Bismuth is a very effective drug for treating H. 
pylori infection and no resistances have been 
described. However, as it is not absorbed, it is not 
effective against intracellular or pericellular bac-
teria, and it must be used in combination with 
additional drugs to effectively eradicate the infec-
tion. In an excellent review, Dore and colleagues20 
showed that adding bismuth to triple therapy 
increases cure rates by improving the efficacy 
against resistant strains. Other than in classical 
quadruple therapy, bismuth has only rarely been 
added to triple therapy in first-line H. pylori treat-
ment.20 In second-line therapy, however, combi-
nation treatment using triple therapy including a 
PPI, amoxicillin and levofloxacin plus bismuth 
was one of the few treatments that achieved cure 
rates over 90% in trials performed in western 
patients since 2010.21

Rule of thumb 2: use maximal acid inhibition
Acid inhibition is a key component of H. pylori 
treatment. In addition to a possible antibacterial 
effect of the PPIs, acid inhibition increases lumi-
nal concentrations of antibiotics by decreasing 
their acid-related degradation. Moreover, it is 
believed that H. pylori needs an acidic environ-
ment to live due to its production of NH3 creating 
a basic milieu which needs to be neutralized by 
acid. High gastric pH may, furthermore, allow H. 
pylori to enter a replicative state, thus becoming 
susceptible to amoxicillin and clarithromycin.22 
Sugimoto and colleagues23 analyzed 24-h gastric 
pH during triple therapy with lansoprazole, 
clarithromycin and amoxicillin. Cure rates were 
closely related to acid inhibition: mean gastric pH 
was 6.4 in patients who were cured and 5.2 in 
those who were not. The infection was cured in 
all patients who attained a pH above 4 for more 
than 90% of the time, even in the presence of 
clarithromycin-resistant strains.

Acid inhibition in response to PPI is determined by 
the capacity of the individuals to metabolize the 

drug, which is determined by the cytochrome 2P19 
polymorphisms. Extensive metabolizers, including 
most of the White population, require higher PPI 
doses to adequately control gastric pH.24,25 Many 
meta-analyses have shown that increasing acid inhi-
bition raises cure rates with H. pylori triple ther-
apy.7–10,26 Among conventional PPIs, esomeprazole 
40 mg pill twice a day combines a simple dosage 
with a powerful acid inhibition.27

Recently, vonoprazan, a novel potassium-com-
petitive acid blocker, has been used in H. pylori 
treatment. Like PPIs, vonoprazan inhibits the 
gastric proton pump, although it has a more 
potent, rapid and sustained acid-inhibitory 
effect.28 A recent meta-analysis suggests that this 
potent acid inhibition may increase the efficacy of 
clarithromycin-including triple therapy, mainly 
by increasing cure rates in patients infected with 
clarithromycin-resistant strains.29 Although fur-
ther evidence is needed, this new drug combined 
with quadruple therapies or long treatments (see 
below) may increase cure rates to nearly 100%, 
even in western populations. It may also allow the 
reduction of the number of drugs or the length of 
treatment, although this hypothesis has still to be 
tested.

Rule of thumb 3: treat for 2 weeks
Since the first meta-analysis was published30 it has 
been clearly established that increasing the length 
of triple therapy from 7 to 14 days increases cure 
rates by 5–10%. A recent Cochrane review has 
confirmed these findings.31 The meta-analysis, 
however, highlights the need for evidence of this 
effect in other settings such as, for example, quad-
ruple therapies. Although no randomized trials 
have been performed, a recent review showed that 
lengthening concomitant quadruple therapy 
increases cure rates.13 Furthermore, 14-day con-
comitant therapies consistently achieved cure 
rates of around 90%, whereas 10-day therapies 
were somewhat less reliable.16

Rule of thumb 4: do not repeat antibiotics 
after treatment failure
After a failed first treatment, the remaining H. 
pylori will show very high resistances to some 
(though not all) of the antibiotics administered. 
Due to the specific characteristics of the bacteria, 
resistance to amoxicillin, tetracycline and (proba-
bly) rifabutin is extremely rare, even after treat-
ment failure including those antibiotics. By 
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contrast, resistances to clarithromycin, quinolones 
and metronidazole approach 100% after treatment 
failure. As the efficacy of clarithromycin-contain-
ing regimens is strongly affected by clarithromycin 
resistance, repeating this drug in rescue treatments 
is discouraged.8 The same goes for quinolones: 
after failure of a first treatment, secondary resist-
ance rates are very high and cure rates when repeat-
ing the drug very low; so, this antibiotic should not 
be repeated after treatment failure.8 With regard to 
metronidazole, some articles suggest that when 
using sufficiently long treatments and high doses, 
in vitro metronidazole resistance has a limited 
impact in the efficacy of H. pylori treatments.32 In 
a recent multicenter study, however, cure rates of a 
14-day, high-dose, rescue triple metronidazole-
amoxicillin-PPI therapy were as low as 37% in 
patients with previous metronidazole administra-
tion.33 Therefore, we suggest repeating this antibi-
otic only when it is indispensable and in the setting 
of 14-day quadruple therapies.34 Finally, the acqui-
sition of resistance to amoxicillin and tetracycline 
is remarkably rare and these antibiotics can be 
used more than once in the same patients without 
a significant reduction in efficacy.7–10 The same 
applies to bismuth: although its antibacterial activ-
ity mechanism remains uncertain, no in vitro resist-
ance to this drug has been described.20 Therefore, 
bismuth, amoxicillin and tetracycline can be used 
more than once in the same patients, as they 
remain active despite previous treatment failure. 
We should consider these data when choosing a 
rescue therapy among the various consensus 
recommendations.7–10,16

Rule of thumb 5: if your treatment works 
locally, keep using it
No worldwide gold standard treatment has been 
defined; most studies use combinations of the 
abovementioned drugs. However, recommenda-
tions should be locally adapted. For example, the 
strict antibiotic policies applied in some Nordic 
countries may keep resistances low35 and allow 
the continued use of triple therapies. As long as 
monitoring of cure rates confirm high effective-
ness, there is no reason to change to more compli-
cated schedules.

In some areas of the world, alternative antibiotics 
have been used and have shown excellent efficacy 
against H. pylori. Nitazoxanide and furazolidone 
obtained excellent results in several adequately 
designed studies. In settings with high resistances 
to ‘legacy’ antibiotics, for example, Iran or China, 

or in the treatment of first-line failures in the 
United States, these drugs have reliably achieved 
excellent cure rates.36–38

Finally, in certain conditions, treatments may 
never reach cure rates above 90%. Any treatment 
may be deemed as acceptable in practice when no 
better cure rates have been reported locally with 
any other therapy. In fact, it remains unclear 
whether consensus-recommended schedules will 
achieve cure rates above 90% overall. This is 
especially the case for rescue treatments. So, 
although considerable emphasis has been placed 
on the need to cure over 90% of infections, and 
on ruling out any treatment that does not reach 
this threshold,6,39 achieving very high cure rates is 
difficult and 100% cure rates are virtually impos-
sible (indeed, studies reporting 100% cure rates 
should be treated with suspicion). The most 
important reason for this statement is that the 
tests used to assess cure are not perfect: false posi-
tive results range from 0 to 5% for the urea breath 
test using citric acid40 and from 5 to 15% when 
using the urea breath test without citric acid, or 
the stool test.41 Therefore, even if we tested a per-
fect ‘100% cure’ treatment, the cure rates 
observed would range between 85 and 95% and 
would only exceptionally reach 100%, with false 
positive test results accounting for most of the 
‘failures’.

Furthermore, during a systematic search for 
ongoing meta-analyses, we found only two pub-
lished studies in western patients that have 
reported second-line therapies with cure rates of 
90% or above since 2010.42,43 Schedules achiev-
ing over 90% cure rates for third or fourth-line 
therapies may be even rarer.

In fact, many of the current consensus recom-
mendations suggest that the scientific community 
may have overoptimistic expectations for H. pylori 
treatments, especially in the case of rescue thera-
pies. As an example, a very recent study reported 
an 86% per protocol cure rate in a third-line treat-
ment in clinical practice.44 Although very few pre-
vious reports had achieved such good figures in a 
third-line treatment, the effectiveness of the 
results was surprisingly labeled as ‘limited’.

General recommendations for first, second 
and third-line therapies
Bearing in mind all the consensus recommenda-
tions and the rules of thumb mentioned above, 
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the current suggestions for first, second, third and 
fourth-line therapies appear to be the following 
(Figure 1; Table 2):

First-line treatment
Currently, triple therapy with a PPI, clarithromycin 
and amoxicillin is not recommended because of the 
variability of its efficacy, which in most cases does 
not reach 80%. Exceptionally, it could be main-
tained in the few privileged areas where resistances 
are still low, provided that monitoring of cure rates 
continues to show excellent results. Regarding the 
recommendation in some consensus statements to 
adapt treatment to the local resistance pattern8–10 
these resistances are rarely (if ever) adequately 
known, because: (a) resistances have been reported 
to vary year to year, and (b) they may change mark-
edly from country to country (or even from county 
to county).45 So the decision to use triple therapies 
should be based not on published resistance data 
but according to the previous local experience. 
Furthermore, as stated, it is of the utmost impor-
tance to monitor cure rates in order to confirm that 
triple therapy continues to be effective.

The two most recommended first-line treatments 
are concomitant quadruple therapy for 14 days or 
classic quadruple bismuth therapy for 10–14 
days. Both treatments have demonstrated efficacy 
equal to or greater than 90% in well-designed 
studies. Where available, classical quadruple 
therapy requiring only two drugs, a PPI plus a 

triple-drug pill including metronidazole, tetracy-
cline and bismuth, is a convenient, easy-to-
explain alternative. Its disadvantages are (a) the 
lack of global availability, (b) the limited number 
of studies evaluating this schedule in many geo-
graphical areas, (c) the four-times-a-day adminis-
tration schedule (although some studies suggest 
that using it thrice a day with meals may favor 
adherence, without reducing efficacy),46 and (d) 
its cost, which may be higher than those of quad-
ruple concomitant treatment (although this may 
vary markedly from country to country).

Concomitant quadruple therapy, on the other 
hand, is given twice a day and may be slightly 
more effective than the 10-day classic quadruple 
therapy. In addition, it has demonstrated its effi-
cacy in many clinical practice situations.13,47 Its 
disadvantages are its longer duration and the fact 
that each of its components must be prescribed 
separately, which makes the treatment more dif-
ficult to prescribe and explain.

Adverse effects are moderate and appear to be 
similar with both quadruple treatments. According 

Figure 1.  Summary of the first, second, third and 
fourth-line recommended treatments.

Table 2.  Recommended therapies.

Classical quadruple therapy

High-dose PPI/12 h
and either
3-in-1 capsules 3/6 h or 4/8 h
or
Metronidazole 500 mg/8 h
Tetracycline 500 mg/6 h
Bismuth salt every 6–12/h

10–14 days

Concomitant quadruple therapy

High-dose PPI/12 h
Amoxicillin1 g/12 h
Clarithromycin 500 mg/12 h
Metronidazole 500 mg/12 h

14 days

Levofloxacin quadruple therapy

High-dose PPI/12 h
Levofloxacin 500 mg/24 h
Amoxicillin 1 g/12 h
Bismuth salt/12 h

14 days

Quadruple rifabutin therapy

High-dose PPI/12 h
Rifabutin 150 mg/12 h
Amoxicillin 1 g/12 h
Bismuth salt/12 h

14 days

PPI, proton pump inhibitor.
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to current data, it seems reasonable to recom-
mend the two at the same level as first-line treat-
ment. As previously stated, the recommendation 
is to use a PPI at high doses every 12 h and to 
administer 14-day treatments if possible (see 
below).

Second-line treatment
A quadruple regimen with high-dose PPIs, levo-
floxacin, amoxicillin, and bismuth is recom-
mended as rescue therapy after a concomitant 
regimen or classical quadruple treatment failure 
(Figure 1; Table 2). Triple therapy with a PPI, 
amoxicillin and levofloxacin results in insufficient 
cure rates, with an average figure of 74%. 
Therefore, although the number of studies is lim-
ited, it is reasonable to recommend a 14-day 
quadruple regimen with high-dose PPIs, levoflox-
acin, amoxicillin and bismuth as rescue therapy. 
A well-designed multicenter observational study 
demonstrated cure rates above 90%44 and a sec-
ond study in China achieved lower but still 
acceptable cure rates.48 These results are consist-
ent with those of a previous study showing that 
the addition of bismuth to triple treatments with 
levofloxacin or clarithromycin improves their 
cure rate by approximately 10%.20

Rescue treatment after two treatment failures
Given the high efficacy of the previous treat-
ments, rescue therapy is needed only in excep-
tional cases. After the administration of two 
consecutive treatments with cure rates over 
90%, a failure rate of below 1% may be expected. 
Therefore, in a patient with two previous H. 
pylori treatment failures, adherence to treatment 
should be thoroughly evaluated. The indication 
of eradication treatment should also be recon-
sidered, the risks and benefits of a third treat-
ment carefully discussed with the patient, and 
his/her willingness to receive a tough third treat-
ment should be carefully assessed. If the patient 
and the doctor finally agree to a third treatment, 
the recommended therapies (in this case, closely 
coinciding with the Toronto recommendations8) 
are the following:

(a)	 If the initial therapy was quadruple con-
comitant and the second quadruple with 
levofloxacin and bismuth, classical quadru-
ple therapy is recommended as rescue.

(b)	If the initial therapy was classical quadruple 
and the second quadruple with levofloxacin 

and bismuth, quadruple concomitant is 
recommended as rescue.

(c)	 Finally, if a patient has received concomitant 
therapy as first-line and classical quadruple 
as rescue, a quadruple therapy including 
levofloxacin and bismuth is recommended.

Fourth-line treatment
After three treatment failures, treatment of infec-
tion should only be persisted with in patients with 
a very clear indication, as ulcer (especially after 
bleeding) or mucosa-associated lymphoid tissue 
lymphoma, or in patients who are highly moti-
vated to try a fourth treatment and have been 
fully informed of the situation. After three fail-
ures, especially with the highly effective therapies 
that are currently recommended, the probability 
of either a false positive result of the post-treat-
ment test or a low adherence to previous sched-
ules increases markedly. Therefore, the possibility 
of confirming the presence of infection with an 
additional diagnostic test should be evaluated. 
Furthermore, assessing both adherence to previ-
ous treatments and the expected adherence to a 
new one is even more important than after a sec-
ond-line treatment failure. If the patient finally 
chooses to receive treatment, the recommended 
regimen is 14 days of high-dose PPI, amoxicillin, 
rifabutin, and bismuth (Figure 1; Table 2).

Should I ever follow all the previous rules of 
thumb?
Everything in science is open to discussion and 
modifiable. It is likely that future developments 
may make some of the current rules of thumb 
unnecessary.

It is a real possibility that therapies that use vono-
prazan (and possibly nitazoxanide) will achieve 
near 100% cure rates without the need for a 
fourth drug or with shorter treatments. Evidence 
on this is still needed, but it is likely to emerge in 
the near future. So, the second rule of thumb, use 
maximal acid inhibition, may overcome in part 
the need for four-drug or 14-day therapies. 
Vonoprazan may allow to introduce another rule 
of thumb that we have been forced to ignore in 
the current situation, that is ‘keep the treatment 
as simple as possible’.

In this sense, the rules of thumb are complemen-
tary, but their individual effect on cure rates 
decreases when the other rules of thumb are 
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applied. For example, using either four drugs or 
14-day therapies may increase first-line triple 
therapy cure rates from 80% to nearly 90%. The 
individual effect of using a second rule of thumb 
(either extending the treatment from 7 to 14 days 
or using a quadruple therapy) will be lower, and 
will increase the cure rates from 90 to 95%. 
Therefore, the margin of improvement for the 
remaining rule of thumb (for example, using 
high-dose PPI) will be low, perhaps 2–4%. This 
has many practical implications that may affect 
the use of these rules.

Costs are an important issue in medicine, which 
may change markedly from country to country 
and may modify medical decisions. As an exam-
ple, in Spain, esomeprazole 40 mg is relatively 
expensive (25€ for H. pylori treatment) whereas 
the same dose of omeprazole costs 4€. It is unclear 
whether the increased cost, especially in first-line 
treatments, justifies the 2–4% expected rise in 
cure rates for 10–14-day quadruple therapies. 
However, as cure rates of rescue therapies fall 
steadily and the associated costs of the failures 
rise for second, third and fourth-line treatments, 
the potential increases in cure rates probably jus-
tify the costs of fully applying all the rules of 
thumb in this setting.

Similarly, in most cases, the 3-in-1 pill containing 
classical quadruple therapy is currently sold in 
packs designed for a 10-day treatment. If the 
length of classical quadruple treatment is 
increased to 14 days, then two packs of the drug 
are needed, thus doubling the costs. As most of 
the evidence provided with this combination is for 
10-day therapy and cure rates have been satisfac-
tory, using this combination for 10 days may be 
an acceptable strategy, especially for first-line 
therapy. Nevertheless, a presentation for 14 days 
is eagerly awaited.

Final consideration: why not use antibiotic 
sensitivity determination?
Both culture and molecular methods for detect-
ing resistances require endoscopy. Although 
treating patients according to susceptibility 
testing increases cure rates when compared 
with empirical triple therapies,49 no comparison 
between susceptibility-guided treatment and 
adequately devised empirical quadruple thera-
pies has been published. In addition, the eco-
nomic burden of using endoscopy for culture in 
an infection affecting roughly 50% of the 

world’s population is probably unacceptable. 
Furthermore, although this has not been accu-
rately estimated, the proportion of patients who 
will not agree to an invasive procedure is prob-
ably significant. Additional drawbacks are the 
fact that culture is not successful in all patients 
and that molecular methods may miss approxi-
mately 10% of resistances (and are unable to 
determine metronidazole resistance). Finally, 
resistances to amoxicillin, tetracycline and 
rifabutin are so rare that it is unlikely that their 
determination would be cost-effective.

Sensitivity determination is recommended by 
many of the consensus statements after second, 
third or fourth-line therapy failure.9 Evidence 
supporting this approach, however, is lacking.50 
Cure rates of sensitivity-guided therapy in third 
or fourth-line therapies have been rather low, 
except when, in addition to the antibiotic sensi-
tivity information, the rules of thumb described 
for the design of the treatment are used.50,51 
Furthermore, as stated, the cost-effectiveness of 
resistance determination when using only antibi-
otics with extremely low resistance rates (such as 
rifabutin and amoxicillin) for the fourth-line res-
cue therapy remains to be determined.

Conclusion
Dealing with uncertainty in the treatment of H. 
pylori infection requires a few simple rules of 
thumb that allow to generalize the available evi-
dence to clinical situations in which the data are 
still incomplete. Using quadruple therapies, high 
doses of PPIs and 14-day schedules have proved 
the most successful approaches for achieving 
optimal H. pylori cure rates. In rescue therapy 
especially, it may be preferable to use these rules 
of thumb, just adding the one of avoiding repeated 
antibiotics if possible, rather than limit the treat-
ment to the published schedules, for which we 
already know that cure rates are suboptimal. 
These rules of thumb may be also useful in the 
design of new alternative treatment schedules for 
this infectious disease.
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