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Abstract
Background: Adding a second endoscopic therapy to epinephrine injection might improve hemostatic efficacy in
patients with high-risk bleeding ulcers but the optimum modality remains unknown. We aimed to estimate the
comparative efficacy of different dual endoscopic therapies for the management of bleeding peptic ulcers through
random-effects Bayesian network meta-analysis.
Methods: Different databases were searched for controlled trials comparing dual therapy versus epinephrine
monotherapy or epinephrine combined with another second modality until September, 30 2016. We estimated the
ORs for rebleeding, surgery and mortality among different treatments. Adverse events were also evaluated.
Results: Seventeen eligible articles were included in the network meta-analysis. The addition of mechanical therapy
(OR 0.19, 95% CrI 0.07–0.52 and OR 0.10, 95% CrI 0.01–0.50, respectively) after epinephrine injection significantly
reduced the probability of rebleeding and surgery. Similarly, patients who received epinephrine plus thermal
therapy showed a significantly decreased rebleeding rate (OR 0.30, 95% CrI 0.10–0.91), as well as a non-significant
reduction in surgery (OR 0.47, 95% CrI 0.16–1.20). Although differing, epinephrine plus mechanical therapy did not
provide a significant reduction in rebleeding (OR 0.62, 95% CrI 0.19–2.22) and surgery (OR 0.21, 95% CrI 0.03–1.73)
compared to epinephrine plus thermal therapy. Sclerosant failed to confer further benefits and was ranked highest
among the 5 treatments in relation to adverse events.
Conclusions: Mechanical therapy was the most appropriate modality to add to epinephrine injection. Epinephrine
plus thermal coagulation was effective for controlling high risk bleeding ulcers. There was no further benefit with
sclerosants with regard to rebleeding or surgery, and sclerosants were also associated with more adverse events
than any other modality.
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Background
Non-variceal gastrointestinal bleeding is a major cause of
hospitalization. Some reports demonstrated a temporal decrease in the incidence of peptic ulcer bleeding, which was
thought to be associated with the high eradication rate of
Helicobacter pylori (Hp) and the widespread use of antisecretory drugs [1–3]. However, this change was not been
seen in all the studies [4, 5]. Moreover, the in-hospital case
fatality associated with upper GI complication events has
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remained constant [3]. Thus, peptic ulcer bleeding remains
an important cause of hospital admissions and death.
Endoscopic hemostatic therapy has been recommended as
a first-line therapy for high risk bleeding ulcers [6].
The currently available endoscopic hemostatic methods
include injection therapy, thermal coagulation, and mechanical therapy. Among these approaches, injection of epinephrine is the most popular endoscopic method used to
stop bleeding because of its safety, low cost, and easy
application. Clinical trials and traditional meta-analyses
have showed that adding a second endoscopic therapy to
epinephrine injection might improve hemostatic efficacy
and patient outcomes [7–9]. Therefore, recent practice
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guidelines recommend that epinephrine injection not be
used as a monotherapy. If used, it should be combined
with a second endoscopic hemostasis modality (i.e., an injection agent other than epinephrine, mechanical therapy,
or thermal coagulation) [10].
However, due to a lack of head-to-head trials comparing
different additional treatments after epinephrine injection,
the optimum modality in addition to epinephrine remains
unclear [10, 11]. Theoretically, a large-scale clinical trial
with multiple comparator arms might address this question. Nevertheless, it is not feasible for any single trial to
compare all available treatment options. To establish the
optimum epinephrine injection-based dual therapy for
high risk bleeding ulcers, we therefore performed a
random-effects network meta-analysis to compare the
efficacy of major treatment modalities (i.e., epinephrine injection plus sclerosant injection, thrombin injection,
mechanical therapy or thermal coagulation) in terms of
rebleeding, need for surgery and mortality and also evaluated the complications of these treatments.
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the primary outcome of this study because it most accurately reflects the efficacy of endoscopic hemostasis
[9, 13]. Secondary outcomes included the proportion of
patients who needed a surgery, all causes of mortality
(30-day mortality or in-hospital mortality) and complications (i.e., induction of massive bleeding, perforations,
and tissue necrosis).
Data extraction

Two investigators (KS and ZS) independently reviewed
the full manuscripts of the eligible studies and extracted
information into an electronic database, including the
publication data (i.e., the first author’s name, year of
publication, and country in which the studies were conducted), the study design (number of patients assigned
to each group, interventions, comparisons) and the
number of patients with/without outcomes (rebleeding,
need for surgery, mortality, complications) in each
group. Disagreements were resolved by consensus.
Study quality

Methods
Search strategy

This systematic review was reported according to
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guideline [12]. A systematic
search of PubMed and Cochrane library databases was
conducted using the MeSH search terms “gastrointestinal hemorrhag, and hemostasis, endoscopic” until the
end of September 2016. Search strategy was provided
(Additional file 1: Search strategy). A manual search was
also performed of the bibliographies of the identified
publications, including relevant meta-analyses and systematic reviews.
Selection criteria

Randomized controlled trials were included that met the
following criteria: (a) Patients with high-risk bleeding
peptic ulcers. High-risk lesions were defined as peptic
ulcers with an active bleeding or a non-bleeding visible
vessel. (b) Dual therapy (i.e., epinephrine injection plus
sclerosant injection, thrombin injection, mechanical
therapy or thermal coagulation) compared to epinephrine injection alone or epinephrine combined with a
second modality (i.e., injection, mechanical, or thermal
therapy). Mechanical therapy included hemoclips and
band ligation. (c) One or more of the following
outcomes were assessed: rebleeding, need for surgery,
mortality, and complications. Eligible studies had to be
published as full-length articles written in English.
Choice of outcomes

Rebleeding (clinical or endoscopic evidence of rebleeding after the first endoscopic treatment) was chosen as

The quality of the methodology was independently
assessed by 2 reviewers (KS and GZ) using the Cochrane
Risk of Bias Tool, which is an established tool based on
assessing the sequence generation for the randomization
of subjects, concealment of treatment allocation, blinding, incomplete outcome data, selective outcome reporting and other sources of bias [14]. Disagreements were
resolved by consensus.
Data analysis

Network meta-analysis was performed with a randomeffects model within a Bayesian framework using the
Markov chain Monte Carlo methods provided by the
Aggregate Data Drug Information System (ADDIS) software (http://www.drugis.org/index) [15]. Node split analyses were used to verify the consistency between the
direct and indirect evidence [16]. A P-value less than
0.05 for the comparison between direct and indirect effects in the node splitting analysis indicated there was
significant inconsistency. If there was no significant inconsistency, a consistency model was used to analyze
the relative effects of the interventions. Odds ratios were
estimated and reported along with their corresponding
CrI. We also assessed the probability that each treatment
was the most efficacious modality, the second best, the
third best and so on using the ADDIS software, which
may be helpful in clinical practice. Therefore, the
multiple-treatments meta-analysis increased statistical
power by incorporating evidence from both direct and
indirect comparisons between all combined therapies.
We calculated the percentage contribution of each estimate to the entire network and the results were summarized in the contribution plot as well as the study
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limitation graph [17, 18]. To assess whether the
hemostatic effect of dual therapy were affected by differences in confounding factors between the trials, we performed meta-regression by including major confounding
factors, such as the medical treatments used in each
study, the routine use of the second endoscopy and the
year of publication.

Results
Study characteristics

Included

Eligibility

Screening

Identification

We identified 2300 studies in the primary search (Fig. 1).
After scanning the title and abstract, a total of 2248
studies were excluded. Of the remaining 52 studies, 35
were further excluded for various reasons after a detailed
assessment of the full text (endoscopic monotherapy vs
monotherapy (n = 19). The reasons included dual therapy
was not compared to epinephrine monotherapy or epinephrine was combined with a second modality (n = 12),
laser photocoagulation was used as thermal therapy
(n = 2), the treatment depended on the operator’s
choice, or the article was not in English. Finally, 17
randomized trials involving 1939 patients who received 1
of the 5 treatment strategies met the inclusion criteria.
Table 1 summarizes the characteristics of the studies
included in the meta-analysis.
Patients were treated with epinephrine plus thrombin
in 3 studies [19–21], epinephrine plus mechanical therapy in 4 studies (including three studies used hemoclips
alone [13, 22, 23], while the other study used hemoclips

Fig. 1 Study selection

Records identified through
database searching
(n=1582)

as well as band ligation [9]), epinephrine plus sclerosant
in 8 studies [24–31], and epinephrine plus thermal therapy in 3 studies (Fig. 2) [23, 32, 33]. All dual therapies
were directly compared with epinephrine injection.
Meanwhile, there was no study that directly compared
dual therapies, except for one study comparing mechanical and thermal therapy. The risk of bias across studies
is summarized in Additional file 2: Figure S1. As
assessed by the Cochrane Risk of Bias tool, inadequate
blinding provided the largest risk of bias. The qualities
of the included studies were reliable overall.
Results of the network meta-analysis

A comparison-adjusted funnel plot for the dual therapy
network showed no evidence of asymmetry regard to
bleeding or surgery. The funnel plot showed some asymmetry with regard to mortality. However, Egger’s test for
publication bias was not significant (P = 0.609). (Additional
file 3: Figure S2). The contribution plot and study limitation graph were provide. (Additional file 4: Contribution
plot and study limitation graph). Node-split analyses
showed there was no significant inconsistency within the
networks for any of the 3 outcomes (Additional file 5:
Table S1). Figure 3 summarizes the results of the randomeffects network meta-analysis for rebleeding, need for
surgery and mortality. The combination of epinephrine
plus mechanical therapy significantly reduced the rebleeding rate compared to epinephrine plus sclerosants (OR
0.29, 95% CrI 0.09–0.97) or the epinephrine injection alone

Additional records identified
through other sources
(n=718)

Records excluded after
preliminary review
(n=2248)

Records screened
(n=2300)

Full-text articles assessed for
eligibility
(n=52)
Excluded (n=35)
Endoscopic monotherapy vs monotherapy (n=19)
Not compared with epinephrine alone or epinephrine
combined with another second therapy (n=12)
Used laser photocoagulation (n=2)
Treatment depending on the
choice (n=1)
Not published in English (n=1)
Studies included in network meta-analysis
(N=17)
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Table 1 Characteristics of included studies
Author (Year)

Country

Comparison

No. of Patients

Rebleeding (%)

Surgery (%)

Mortality (%)

Complication (%)

Treatment/Control

Treatment/Control

Treatment/Control

Treatment/Control

Treatment/Control

Balanzo (1990) [21]

Spain

Epi + Thromb vs Epi

32/32

6/13

16/13

0/0

NR/NR

Pescatore (2002) [20]

Switzerland

Epi + Thromb vs Epi

65/70

22/24

6/10

3/3

2/1

Lin (1999) [33]

Taiwan, China

Epi + Therm vs Epi

32/32

6/34

3/16

3/9

0/0

Park (2004) [9]

Korea

Epi + Mech vs Epi

45/45

4/20

2/4

0/2

NR/NR

Kubba (1996) [19]

Scotland

Epi + Thromb vs Epi

70/70

4/20

4/7

0/10

0/0

Chung (1996) [26]

HongKong, China

Epi + Scler vs Epi

79/81

8/11

11/15

9/5

NR/NR

Lin (1993) [24]

Taiwan, China

Epi + Scler vs Epi

32/32

16/34

6/3

6/0

0/0

Chung (1993) [25]

HongKong, China

Epi + Scler vs Epi

98/98

11/9

14/16

4/9

1/0

Lo (2006) [13]

Taiwan, China

Epi + Mech vs Epi

52/53

4/21

0/9

2/0

0/0

Chung (1999) [22]

Korea

Epi + Mech vs Epi

42/41

10/15

2/15

2/2

0/7

Rutgeerts (1989) [30]

Belgium

Epi + Scler vs Epi

40/40

18/40

8/15

5/10

4/0

Villanueva (1993) [27]

Spain

Epi + Scler vs Epi

33/30

21/10

15/13

3/6

3/0

Sollano (1991) [28]

Philippines

Epi + Scler vs Epi

29/32

7/6

0/3

0/3

3/0

Garrido (2002) [31]

Spain

Epi + Scler vs Epi

40/45

8/27

NR/NR

NR/NR

NR/NR

Choudari (1994) [29]

England

Epi + Scler vs Epi

52/55

13/15

8/7

0/2

NR/NR

Taghavi (2009) [23]

Iran

Epi + Therm vs Epi + Mech

89/83

11/5

2/0

2/1

0/0

Chung (1997) [32]

HongKong, China

Epi + Therm vs Epi

136/134

4/9

6/10

6/5

1/0

NR not reported; Epi epinephrine injection, Mech mechanical hemostasis, Therm thermal coagulation, Thromb thrombin injection, Scler sclerosant injection

(OR 0.19, 95% CrI 0.07–0.52). Epinephrine plus thermal
coagulation could significantly reduce the bleeding rate
compared to the epinephrine injection (OR 0.30, 95% CrI
0.10–0.91). All other comparisons showed non-significant
differences in terms of rebleeding. Similarly, for the outcome of the need for surgery, epinephrine plus mechanical
therapy was more effective than thrombin plus epinephrine

(OR 0.13, 95% CrI 0.01–0.81), epinephrine injection (OR
0.10, 95% CrI 0.01–0.50) and epinephrine plus sclerosants
(OR 0.12, 95% CrI 0.01–0.68). With respect to mortality,
all comparisons among the dual therapies showed no statistical significance.
The probability of each intervention being the best
treatment was ranked according to possible 5 positions
Epinephrine + Mechanical (222)

Epinephrine + Thrombin (167)

1

3

Epinephrine +
Thermal (257)

Epinephrine +
Sclerosant (403)

8

Epinephrine (890)

Fig. 2 Network of the comparisons for the Bayesian network meta-analysis. Lines connect the interventions that were studied in head-to-head
(direct) comparisons in the eligible controlled trials, while the interrupted lines connect indirect comparisons. The size of the nodes is proportional
to the number of patients (in parentheses) to receive the treatment. The width of the lines was proportional to the number of trials (beside the
line) comparing the connected treatments
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a Rebleeding
Epi
5.16 (1.91, 14.17)
2.23 (0.83, 6.36)
3.30 (1.10, 10.14)
1.53 (0.83, 2.81)
b Need for surgery
Epi
9.70 (2.02, 76.82)
1.32 (0.54, 3.62)
2.13 (0.83, 6.42)
1.24 (0.70, 2.10)
c Mortality
Epi
1.67 (0.16, 15.94)
6.77 (0.57, 128.31)
1.10 (0.17, 9.92)
1.37 (0.40, 6.77)

0.19 (0.07, 0.52)
Mechanical+Epi
0.44 (0.10, 1.84)
0.62 (0.19, 2.22)
0.29 (0.09, 0.97)

0.45 (0.16, 1.21)
2.29 (0.54, 9.95)
Thromb+Epi
1.47 (0.33, 6.79)
0.71 (0.20, 2.17)

0.30 (0.10, 0.91)
1.61 (0.45, 5.23)
0.68 (0.15, 2.99)
Thermal+Epi
0.47 (0.13, 1.63)

0.65 (0.36, 1.21)
3.40 (1.03, 11.08)
1.42 (0.46, 5.07)
2.14 (0.61, 7.86)
Scler+Epi

0.10 (0.01, 0.50)
Mechanical+Epi
0.13 (0.01, 0.81)
0.21 (0.03, 1.73)
0.12 (0.01, 0.68)

0.76 (0.28, 1.84)
7.48 (1.24, 68.15)
Thromb+Epi
1.60 (0.41, 6.30)
0.94 (0.30, 2.66)

0.47 (0.16, 1.20)
4.75 (0.58, 39.11)
0.63 (0.16, 2.45)
Thermal+Epi
0.59 (0.17, 1.69)

0.80 (0.48, 1.42)
8.00 (1.48, 70.92)
1.07 (0.38, 3.35)
1.70 (0.59, 5.82)
Scler+Epi

0.60 (0.06, 6.33)
Mechanical+Epi
4.76 (0.13, 215.56)
0.72 (0.06, 10.88)
0.86 (0.07, 14.86)

0.15 (0.01, 1.76)
0.21 (0.00, 7.48)
Thromb+Epi
0.17 (0.01, 4.90)
0.21 (0.01, 3.88)

0.91 (0.10, 5.96)
1.39 (0.09, 16.45)
5.96 (0.20, 185.79)
Thermal+Epi
1.15 (0.11, 14.88)

0.73 (0.15, 2.49)
1.16 (0.07, 14.83)
4.72 (0.26, 111.79)
0.87 (0.07, 9.35)
Scler+Epi

Fig. 3 Pooled odds ratios for rebleeding, need for surgery and mortality. a rebleeding; b need for surgery; c mortality. The ORs were estimated in
upper and lower triangles comparing the columns defined with the row-defining treatment. For study outcomes, ORs lower than 1 suggest there
were beneficial comparative effects for column-defining treatments. Epi = epinephrine injection, Mech = mechanical hemostasis, Therm = thermal
coagulation, Thromb = thrombin injection, Scler = sclerosant injection. Note: Significant results are in bold

Rebleeding

Need for Surgery

Mortality

Complications

In meta-regression analyses, the medical treatments, the
routine second-look endoscopy and year of publication
were not associated with variations in logOR, in terms of
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4

5

Rank of Epi plus Scler

Probability
.4
.6

.4

.2

.2

0

0

Probability

3
4
Rank of Epi plus Mech

e

.6

d

3
Rank of Epi

.8

1

.8

0

0

0

.2

.2

Probability
.4
.6

Probability
.6
.8
.4

.8

b

Results of meta-regression analyses

1

a

addition, epinephrine plus sclerosants appeared to be
associated with more complications than the other
remaining treatments, whereas epinephrine plus mechanical therapy showed the best adverse effects profile.

.6

(Fig. 4). Rank 5 corresponded to the highest probability
of being the best treatment, and rank 1 corresponded to
the worst. A ranking table was also provided (Additional
file 6: Table S2). Epinephrine plus mechanical therapy
and epinephrine plus thermal therapy had the highest
probabilities of reducing rebleeding and the need for
surgery, which suggested epinephrine plus mechanical
therapy and epinephrine plus thermal therapy were
more efficacious than the other remaining modalities. In

1

2

3

4

Rank of Epi plus Therm

5

1

2

3
4
Rank of Epi plus Thromb

5

Fig. 4 Ranking for rebleeding, need for surgery, mortality and complications of 5 interventions for bleeding ulcers. a epinephrine injection; b epinephrine
injection plus mechanical therapy; c epinephrine injection plus sclerosant injection; d epinephrine injection plus thermal therapy; e epinephrine injection
plus thrombin injection. The ranking indicated the probability to be the best treatment, the second best, the third best and so on. Rank 1 is the worst and
rank N is the best

Shi et al. BMC Gastroenterology (2017) 17:55

rebleeding, the need for surgery, or mortality (Additional
file 7: Table S3).

Discussion
The network meta-analysis was based on 17 studies with
1939 individuals, and compared the major dual endoscopic therapies for high risk bleeding ulcers, including
both benefits and complications.
Currently, hemoclips have becoming more and more
widely used. Our results showed that adding mechanical
therapy to epinephrine could significantly reduce the
rebleeding rate and the need for surgery. As the present
study was not designed to compare the efficacy of dual
therapy with mechanical monotherapy, it is still not clear
whether using hemoclips alone is sufficient enough for
hemostasis. Previous traditional meta-analyses failed to
show a superior effect of epinephrine plus hemoclips over
hemoclips monotherapy. Nevertheless, there may be practical reasons to pre-inject epinephrine before other therapies for high-risk endoscopic stigmata [7, 9, 10]. Recent
guidelines endorsed combination therapy as the appropriate treatment for high-risk bleeding ulcers [6, 10, 34].
Unlike thermal coagulation and sclerosants injection, the
mechanical therapy also has the theoretical benefit of not
inducing tissue injury [6]. Because of the lack of direct
comparison evidence and the low complication rate,
previous studies failed to confirm this benefit. With the
consumption of ranking probability distribution, we confirmed the benefit of mechanical therapy in our study.
The major restriction to the spreading of this technique
would be its relatively higher cost and its requirement for
a higher skilled endoscopist. Especially when applying the
hemoclips to hard-to-access areas such as cardia and posterior duodenum. Future large-scale studies are needed to
more clearly elucidate the risks and benefits of dual therapy for high-risk bleeding ulcers.
A traditional meta-analysis by Calvet et al. showed statistical significance in favor of using of epinephrine plus thermal coagulation for high-risk bleeding ulcers compared to
epinephrine injection alone [8]. However, the analysis incorporated results from modalities that generally are not
used. In this study, we did not include laser photocoagulation, which is no longer used for ulcer hemostasis because
it seems to be associated with a higher risk of perforation,
high cost and lack of portability [35]. Thermal coagulation
is not the first choice when considering the adverse effects
profile according to the rankograms. Whenever hemoclips
were technically available, it would not be wrong to first
consider the use of mechanical therapy, although this
meta-analysis demonstrated that thermal coagulation and
mechanical therapy had similar efficacy for controlling
bleeding after epinephrine injection.
In previous meta-analyses, thrombin injection and
sclerosant injection were indiscriminately pooled as
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injection therapy [7, 8, 11]. A traditional meta-analysis
incorporated results from these two modalities reported
that combined injection therapy decreased the rebleeding rate but did not yield a reduction in the need for
surgery after initial hemostasis [7]. However, these two
modalities had different characteristics. Sclerosants produce hemostasis by causing significant tissue injury and
thrombosis. Injection of thrombin represents the best
theoretical approach for causing thrombosis and it can
create a primary tissue seal at the bleeding site [36]. In
contrast, our meta-analysis assessed thrombin and sclerosants separately and progressed the field beyond conventional meta-analyses. In this meta-analysis, thrombin
injection and sclerosant injection showed similar efficacy, but both of them failed to show an additional
benefit for preventing rebleeding and the need for
surgery. In addition, this meta-analysis was the first to
evaluate the complications among five treatments.
Epinephrine plus a sclerosant injection ranked the worst
among the 5 treatment modalities in terms of complications. Therefore, our results demonstrated that injection
of sclerosants after epinephrine injection failed to confer
further benefit but may increase complication rate.
In this study, the mortality of the patients who received
dual therapies did not seem to be decreased significantly.
Marmo at al declared that although it was not significant,
such a numerical advantage might still be important [7].
Because mortality in patients with high risk bleeding ulcers was usually associated with comorbidities, independent of the endoscopic treatment that was delivered.
Nevertheless, the scarcity of the events may be another
cause of non-significant results. Although the underlining
mechanism was not clear, it seemed thrombin injection
had the highest probability for reducing mortality. Future
well-designed, large randomized controlled trials (RCTs)
are needed to clarify this issue.
Our meta-analysis had several strengths. This metaanalysis compared all major dual therapies simultaneously
and assessed every modality individually rather than pooling various modalities into one group. Bayesian network
meta-analysis also compared therapies indirectly when
there was no head-to-head trial, and obtained more precise effect estimates by assessing direct and indirect comparisons. Our study added contributions to the body of
evidence indicating that different degrees of efficacy and
safety exist across epinephrine-based dual therapies.
Our findings do also have some limitations. First,
information about blinding was not adequately reported
in the trials included in our analysis, which might have
undermined the validity of the overall findings. The
nature of the endoscopic treatment made blinding the
participants virtually impossible. However, the rebleeding rate, need for surgery and mortality were not
dependent on subjective observations [11]. Second, the
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year of publication of the studies included in this network meta-analysis may influence the outcomes as well
as the endoscopic methods and the improved skills of
the endoscopist over time. This issue always exits when
conducting such a study. In addition, we did not investigate the other distribution of clinical and methodological
variables in detail. For example, the percentage of the
included patients who suffered from gastric ulcers and
duodenal ulcers differed from study to study. This difference may provide a potential source of heterogeneity in
every specific group of trials. Third, the sizes of the included studies were relatively small, although our study
has established the largest sample size to individually assess the efficacy and safety of endoscopic treatments.
Therefore, this network meta-analysis provides a useful
and complete picture of the associations between dual
therapies by using a Bayesian analytical approach.

Conclusions
In summary, the network meta-analysis suggested that
mechanical therapy was the most appropriate modality
in addition to epinephrine injection. Epinephrine plus
thermal coagulation was effective for controlling highrisk bleeding ulcers. There was no further benefit with
sclerosants with regard to rebleeding or the need for surgery, and sclerosants were also associated with more
complications than any other modality.
Additional files
Additional file 1: Search strategy. (DOCX 37 kb)
Additional file 2: Figure S1. Cochrane risk of bias tool results.
(DOCX 284 kb)
Additional file 3: Figure S2. Comparison-adjusted funnel plot for the
dual therapies network. (DOCX 240 kb)
Additional file 4: Contribution plot and study limitation graph. (DOCX 258 kb)
Additional file 5: Table S1. Assessment of inconsistency between
direct and indirect evidence. (DOCX 66 kb)
Additional file 6: Table S2. Ranking table. (DOCX 83 kb)
Additional file 7: Table S3. Meta-regression to explore possible
confounding effects on risk of rebleeding, surgery, and mortality.
(DOCX 45 kb)

Abbreviations
ADDIS: Aggregate Data Drug Information System; CrI: Credible interval;
Epi: Epinephrine injection; H2RA: H2 receptor antagonist; Hp: Helicobacter
pylori; Mech: Mechanical hemostasis; NR: Not reported; OR: Odds ration;
PPI: Proton pump inhibitor; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; RCTs: Randomized controlled trials;
Scler: Sclerosant injection; Therm: Thermal coagulation; Thromb: Thrombin
injection
Acknowledgements
Not applicable.
Funding
No funding sources.

Page 7 of 8

Availability of data and material
All data generated or analysed during this study are included in this
published article and its supplementary information files.
Authors’ contributions
KS designed the study, screened studies, extracted data, did the statistical
analyses and wrote the manuscript. ZS and GZ screened studies, extracted
data and wrote the manuscript. FM and MG prepared figures and tables and
reviewed the results. FJ designed the study, reviewed the results and drafted
the manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Gastroenterology, The First Affiliated Hospital, School of
Medicine, Zhejiang University, No. 79 Qingchun Rd, Hangzhou 310000,
Zhejiang, China. 2Eye Center, The Second Affiliated Hospital, School of
Medicine, Zhejiang University, Hangzhou, China. 3Department of Hepatology,
Liver Research Center, The First Affiliated Hospital, Wenzhou Medical
University, Wenzhou, China.
Received: 6 November 2016 Accepted: 4 April 2017

References
1. Perez-Aisa MA, Del PD, Siles M, Lanas A. Clinical trends in ulcer diagnosis in
a population with high prevalence of Helicobacter pylori infection. Aliment
Pharmacol Ther. 2005;21:65–72.
2. Sonnenberg A. Time trends of ulcer mortality in non-European countries.
Am J Gastroenterol. 2007;102:1101–7.
3. Lanas A, García-Rodríguez LA, Polo-Tomás M, Ponce M, Alonso-Abreu I, PerezAsia MA, et al. Time trends and impact of upper and lower gastrointestinal
bleeding and perforation in clinical practice. Am J Gastroenterol. 2009;104:
1633–41.
4. Post PN, Kuipers EJ, Meijer GA. Declining incidence of peptic ulcer but not
of its complications: a nation-wide study in The Netherlands. Aliment
Pharmacol Ther. 2006;23:1587–93.
5. Kang JY, Elders A, Majeed A, Maxwell JD, Bardhan KD. Recent trends in
hospital admissions and mortality rates for peptic ulcer in Scotland 1982–
2002. Aliment Pharmacol Ther. 2006;24:65–79.
6. Laine L, Jensen DM. Management of patients with ulcer bleeding.
Am J Gastroenterol. 2012;107:345–60.
7. Marmo R, Rotondano G, Piscopo R, Bianco MA, D’Angella R, Cipolletta L.
Dual therapy versus monotherapy in the endoscopic treatment of high-risk
bleeding ulcers: a meta-analysis of controlled trials. Am J Gastroenterol.
2007;102:279–89.
8. Calvet X, Vergara M, Brullet E, Gisbert JP, Campo R. Addition of a second
endoscopic treatment following epinephrine injection improves outcome in
high-risk bleeding ulcers. Gastroenterology. 2004;126:441–50.
9. Park CH, Joo YE, Kim HS, Choi SK, Rew JS, Kim SJ. A prospective,
randomized trial comparing mechanical methods of hemostasis plus
epinephrine injection to epinephrine injection alone for bleeding peptic
ulcer. Gastrointest Endosc. 2004;60:173–9.
10. Gralnek IM, Dumonceau JM, Kuipers EJ, Lanas A, Sanders DS, Kurien M, et al.
Diagnosis and management of nonvariceal upper gastrointestinal
hemorrhage: European Society of Gastrointestinal Endoscopy (ESGE)
Guideline. Endoscopy. 2015;47:a1–46.
11. Vergara M, Bennett C, Calvet X, Gisbert JP. Epinephrine injection versus
epinephrine injection and a second endoscopic method in high-risk
bleeding ulcers. Cochrane Database Syst Rev. 2014;10:CD005584.

Shi et al. BMC Gastroenterology (2017) 17:55

12. Moher D, Liberati A, Tetzlaff J, Group DGAP. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Ann Intern
Med. 2009;151:264–9.
13. Lo CC, Hsu PI, Lo GH, Lin CK, Chan HH, Tsai WL, et al. Comparison of
hemostatic efficacy for epinephrine injection alone and injection combined
with hemoclip therapy in treating high-risk bleeding ulcers. Gastrointest
Endosc. 2006;63:767–73.
14. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.
15. van Valkenhoef G, Tervonen T, Zwinkels T, de Brock B, Hillege H. ADDIS: a
decision support system for evidence-based medicine. Decis Support Syst.
2013;55:459–75.
16. Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed
treatment comparison meta-analysis. Stat Med. 2010;29:932–44.
17. Chaimani A, Higgins JP, Mavridis D, Spyridonos P, Salanti G. Graphical tools
for network meta-analysis in STATA. PLoS One. 2013;8:e76654.
18. Salanti G, Del Giovane C, Chaimani A, Caldwell DM, Higgins JP. Evaluating the
quality of evidence from a network meta-analysis. PLoS One. 2014;9:e99682.
19. Kubba AK, Murphy W, Palmer KR. Endoscopic injection for bleeding peptic
ulcer: a comparison of adrenaline alone with adrenaline plus human
thrombin. Gastroenterology. 1996;111:623–8.
20. Pescatore P, Jornod P, Borovicka J, Pantoflickova D, Suter W, Meyenberger C,
et al. Epinephrine versus epinephrine plus fibrin glue injection in peptic ulcer
bleeding: a prospective randomized trial. Gastrointest Endosc. 2002;55:348–53.
21. Balanzó J, Villanueva C, Sainz S, Espinós JC, Mendez C, Guarner C, et al.
Injection therapy of bleeding peptic ulcer. A prospective, randomized trial
using epinephrine and thrombin. Endoscopy. 1990;22:157–9.
22. Chung IK, Ham JS, Kim HS, Park SH, Lee MH, Kim SJ. Comparison of the
hemostatic efficacy of the endoscopic hemoclip method with hypertonic
saline–epinephrine injection and a combination of the two for the
management of bleeding peptic ulcers. Gastrointest Endosc. 1999;49:13–8.
23. Taghavi SA, Soleimani SM, Hosseini-Asl SM, Eshraghian A, Eghbali H,
Dehghani SM, et al. Adrenaline injection plus argon plasma coagulation
versus adrenaline injection plus hemoclips for treating high-risk bleeding
peptic ulcers: a prospective, randomized trial. Can J Gastroenterol. 2009;23:
699–704.
24. Lin HJ, Perng CL, Lee SD. Is sclerosant injection mandatory after an
epinephrine injection for arrest of peptic ulcer haemorrhage? A prospective,
randomised, comparative study. Gut. 1993;34:1182–5.
25. Chung SC, Leung JW, Leong HT, Lo KK, Li AK. Adding a sclerosant to
endoscopic epinephrine injection in actively bleeding ulcers: a randomized
trial. Gastrointest Endosc. 1993;39:611–5.
26. Chung SC, Leong HT, Chan AC, Lau JY, Yung MY, Leung JW, et al.
Epinephrine or epinephrine plus alcohol for injection of bleeding ulcers: a
prospective randomized trial. Gastrointest Endosc. 1996;43:591–5.
27. Villanueva C, Balanzo J, Espinos JC, Fabrega E, Sainz S, Gonzalez D, et al.
Endoscopic injection therapy of bleeding ulcer: a prospective and
randomized comparison of adrenaline alone or with polidocanol.
J Clin Gastroenterol. 1993;17:195–200.
28. Sollano JD, Ang VN, Moreno JA. Endoscopic hemostasis of bleeding peptic
ulcers: 1: 10000 adrenalin injection vs. 1: 10000 adrenalin + 1%
aethoxysclerol injection vs. heater probe. Gastroenterol Jpn. 1991;26:83–5.
29. Choudari CP, Palmer KR. Endoscopic injection therapy for bleeding peptic
ulcer; a comparison of adrenaline alone with adrenaline plus ethanolamine
oleate. Gut. 1994;35:608–10.
30. Rutgeerts P, Vantrappen G, Broeckaert L, Coremans G, Janssens J, Hiele M.
Comparison of endoscopic polidocanol injection and YAG laser therapy for
bleeding peptic ulcers. Lancet. 1989;333:1164–7.
31. Garrido Serrano A, Guerrero Igea FJ, Perianes Hernandez C, Arenas Posadas
FJ, Palomo GS. Local therapeutic injection in bleeding peptic ulcer: a
comparison of adrenaline to adrenaline plus a sclerosing agent. Rev Esp
Enferm Dig. 2002;94:395–405.
32. Chung SS, Lau JY, Sung JJ, Chan AC, Lai CW, Ng EK, et al. Randomised
comparison between adrenaline injection alone and adrenaline injection plus
heat probe treatment for actively bleeding ulcers. BMJ. 1997;314:1307–11.
33. Lin HJ, Tseng GY, Perng CL, Lee FY, Chang FY, Lee SD. Comparison of
adrenaline injection and bipolar electrocoagulation for the arrest of peptic
ulcer bleeding. Gut. 1999;44:715–9.

Page 8 of 8

34. Sung JJ, Chan FK, Chen M, Ching JY, Ho KY, Kachintorn U, et al. Asia-Pacific
Working Group consensus on non-variceal upper gastrointestinal bleeding.
Gut. 2011;60:1170–7.
35. Laine L, McQuaid KR. Endoscopic therapy for bleeding ulcers: an evidencebased approach based on meta-analyses of randomized controlled trials.
Clin Gastroenterol Hepatol. 2009;7:33–47.
36. Cappell MS. Therapeutic endoscopy for acute upper gastrointestinal
bleeding. Nat Rev Gastroenterol Hepatol. 2010;7:214–29.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

