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Abstract

Background Peptic ulcer represents the most common
cause of upper gastrointestinal bleeding. Endoscopic ther-
apy can reduce the risks of rebleeding, continued bleeding,
need for surgery, and mortality. The objective of this
review is to compare the different modalities of endoscopic

therapy.
Methods Studies were identified by searching electronic
databases MEDLINE, Embase, Cochrane, LILACS,

DARE, and CINAHL. We selected randomized clinical
trials that assessed contemporary endoscopic hemostatic
techniques. The outcomes evaluated were: initial
hemostasis, rebleeding rate, need for surgery, and mortal-
ity. The possibility of publication bias was evaluated by
funnel plots. An additional analysis was made, including
only the higher-quality trials.

Results Twenty-eight trials involving 2988 patients were
evaluated. Injection therapy alone was inferior to injection
therapy with hemoclip and with thermal coagulation when
evaluating rebleeding and the need for emergency surgery.

Electronic supplementary material The online version of this
article (doi:10.1007/s00464-015-4542-x) contains supplementary
material, which is available to authorized users.

< Felipe Baracat
fibaracat @hotmail.com

Gastrointestinal Endoscopy Unit, Gastroenterology
Department, University of Sao Paulo Medical School,
Avenida Dr. Enéas de Carvalho Aguiar, 155, 6° andar,
Séo Paulo, SP CEP 05403-900, Brazil

Thoracic Surgery Department, Instituto do Coragao (InCor),
University of Sao Paulo Medical School, Sdo Paulo, Brazil

3 Rua Martinico Prado, 241, apt 94, CEP 01224-010 Sao Paulo,
SP, Brazil

Published online: 20 October 2013

Hemoclip was superior to injection therapy in terms of
rebleeding; there were no statistically significant differ-
ences between hemoclip alone and hemoclip with injection
therapy. There was considerable heterogeneity in the
comparisons between hemoclip and thermal coagulation.
There were no statistically significant differences between
thermal coagulation and injection therapy, though their
combination was superior, in terms of rebleeding, to ther-
mal coagulation alone.

Conclusions Injection therapy should not be used alone.
Hemoclip is superior to injection therapy, and combining
hemoclip with an injectate does not improve hemostatic
efficacy above hemoclip alone. Thermal coagulation has
similar efficacy as injection therapy; combining these
appears to be superior to thermal coagulation alone.
Therefore, we recommend the application of hemoclips or
the combined use of injection therapy with thermal coag-
ulation for the treatment of peptic ulcer bleeding.

Keywords Non-variceal upper gastrointestinal bleeding -
Gastrointestinal hemorrhage - Peptic ulcer - Endoscopy -
Endoscopic hemostasis

Acute upper gastrointestinal bleeding (UGIB) can manifest
as hematemesis, “coffee ground” emesis, the return of red
blood via a nasogastric tube, hematochezia, and/or melena
with or without hemodynamic compromise [1, 2]. UGIB
results in over 300,000 hospital admissions annually in the
USA, with a mortality of 7-10 % [3]. Peptic ulcer disease
(PUD) represents the most common cause of UGIB,
accounting for a third to half of all episodes [4]. The most
frequent causes of PUD are non-steroidal anti-inflamma-
tory drugs and Helicobacter pylori infection, although a
variety of other clinical settings can predispose patients to
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the disease [4]. Despite improvements in the understanding
of the etiology of PUD, the incidence of its most common
complication, bleeding, has not changed and occurs in
20-30 % of patients [5].

Endoscopic therapy for UGIB can dramatically reduce
the risks of rebleeding, continued bleeding, the need for
surgery, the number of units of packed erythrocytes
required for transfusion, the length of hospital stay, and
mortality [6-9]. Until recently, the reported mortality from
UGIB had remained unchanged, despite the advances in
therapeutic and endoscopic modalities, probably due to the
increased use of aspirin and non-steroidal anti-inflamma-
tory drugs in conjunction with the increasing number of
multiple comorbidities in an aging population in many
countries [10]. Rebleeding is considered the most impor-
tant risk factor for mortality and occurs in 10-30 % of
patients [11].

Endoscopic therapy for PUD bleeding is indicated for
patients with active bleeding and for those with a non-
bleeding visible vessel in an ulcer [1]. Adherent clot has
been controversial with regard to the need for endoscopic
treatment, but recent data have shown benefits to endo-
scopic clot removal and treatment of an underlying lesion
instead of observation alone [12]. Endoscopic treatment for
ulcer bleeding has come a long way from injections of
epinephrine and other solutions and the use of thermal
coagulation to the application of mechanical devices such
as hemoclips [13]. Recently, a few new technologies have
emerged, including endoscopic topical hemostatic powders
[14-16].

The treatment for peptic ulcer bleeding is widely stud-
ied. It is assumed that endoscopic management of this
condition is superior to pharmacotherapy alone; this
statement is supported by a previous meta-analysis of this
topic [17]. The last review on this question only studied
whether a second procedure after epinephrine injection
could improve the patients’ outcome [18]. The authors
concluded that an additional endoscopic treatment could
reduce the rebleeding rates and the need for emergency
surgery. However, it is unclear which endoscopic modality
(or combination of modalities) presents the best results in
terms of hemostasis. Therefore, the objective of this sys-
tematic review is to compare, using randomized clinical
trials, the different modalities of endoscopic treatment for
peptic ulcer bleeding.

Methods
Protocol and registration

This systematic review was conducted in accordance with
the PRISMA (preferred reporting items for systematic
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reviews and meta-analyses) recommendations [19]. The
review was registered on the PROSPERO international
database (CRD42014015131) [20].

Eligibility criteria

(a) Types of studies—Randomized clinical trials com-
paring different endoscopic modalities for the treat-
ment of patients presenting with acute UGIB caused
by PUD. No language or publication date restriction
was imposed.

(b) Types of participants—Patients with signs of UGIB
whose endoscopic examinations showed gastric or
duodenal ulcers with active bleeding, non-bleeding
visible vessels, or adherent clots.

(c) Types of intervention—We included trials that
assessed contemporary endoscopic hemostatic tech-
niques [21]: injection therapy (all injectates, single
or multiple), thermal coagulation (heater probe,
argon plasma, microwave coagulation, and monopo-
lar, bipolar, and multipolar electrocoagulations),
hemoclip placement, and combinations of treat-
ments. Trials comparing different methods of the
same modality (for example, heater probe vs argon
plasma coagulation) or varying volumes of the
injectate (for example, 10 vs 30 ml of epinephrine
injection) were excluded because those are the
subjects of different clinical questions. We also
excluded studies that compared an endoscopic
technique versus placebo or pharmacotherapy alone,
as it is already evident that the endoscopic treatment
is superior.

(d) Types of outcome measures—The outcomes we
measured were the rates of initial hemostasis,
rebleeding, emergency and overall
mortality.

surgery,

Information sources

Studies were identified by searching electronic databases
(MEDLINE, Embase, Cochrane, LILACS, DARE, and
CINAHL) and scanning reference lists of articles.

Search

The search strategy used for MEDLINE and Embase
databases is stated in Supplementary Search. Aiming to
select high-quality studies, the filter “AND Random*” was
added to the search strategy at MEDLINE database. For
Cochrane, LILACS, DARE, and CINAHL databases, the
search strategy was: “Gastrointestinal bleeding AND
Endoscopy.”
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Study selection

Eligibility assessment and the selection of screened records
were performed independently in an unblinded, standard-
ized manner by two reviewers (Baracat FI and Bernardo
WM). Disagreements between the reviewers were resolved
by consensus.

Data collection process

After the paper was read, we used a checklist based on the
CONSORT recommendations for reporting a randomized
clinical trial [22]. One review author (Baracat FI) extracted
the data from each included study using a standardized
form (Supplementary Information Sheet), and the second
author (Bernardo WM) checked the extracted data.

Data items

Information was extracted from each trial on: (1) the
characteristics of the trial participants and the trial’s
inclusion and exclusion criteria; (2) type of intervention
and control groups (considering different modalities or
combinations of techniques in endoscopic hemostatic
treatment: injection therapy, thermal coagulation, and
hemoclip); and (3) type of outcome measure.

Risk of bias in individual studies

To ascertain the validity of eligible trials, two reviewers
worked together in the first three studies (functioning as
calibration exercises among the reviewers) and then inde-
pendently determined: the adequacy of randomization and
concealment of allocation; the blinding of patients,
healthcare providers, data collectors, and outcome asses-
sors; and the correct report and extent of loss to follow-up.
These items meet the criteria applied by the Jadad scale for
the assessment of the risk of bias of randomized clinical
trials (Supplementary Jadad Scale) [23]; Jadad scores vary
from O to 5 (scores less than 3 indicate poor methodolog-
ical quality) and were calculated for each study.

At the study level, we also evaluated whether the
endoscopic hemostatic techniques were properly described
(for example, volume, concentration, and number of
applications of an injectate) or whether they were poorly
stated or not described well enough to be reproduced.

Moreover, initial hemostasis and rebleeding were also
determined at the outcome level, if they were appropriately
defined in each study. The rebleeding suspicion should
contemplate clinical and laboratory aspects (new
hematemesis, aspirate of fresh blood via nasogastric tube
after initial hemostasis, and/or instability of vital signs or
reduction in hemoglobin levels). We did not expect those

outcomes to be equally defined across the studies, but
should have been clearly stated and at least endoscopically
confirmed, so the heterogeneity between the definitions
does not interfere with the results.

We did not intend to exclude any article from this
review based on a higher risk of bias that it presented;
however, we intended to produce a subgroup analysis of
the trials with higher methodological quality.

Summary measures and planned methods
of analysis

Meta-analyses were performed by computing risk differ-
ences (RD), using a fixed-effects model. Quantitative
analyses were performed on an intention-to-treat basis. RD,
absolute risk reduction/increase (ARR/ARI), number nee-
ded to treat/harm (NNT/NNH), and 95 % confidence
intervals (CI) for each outcome were calculated on each
trial for applicability by using the critically appraised topic
(CATmaker) software [24].

Meta-analyses were conducted using the Review Man-
ager (RevMan) 5.3 software, obtained from the Web site of
the Cochrane Informatics & Knowledge Management
Department [25]. We employed risk differences of
dichotomous variables using a fixed-effects model to pro-
vide the forest and funnel plots for each comparison. Data
on risk differences and 95 % CI for each outcome were
calculated using the Mantel-Haenszel test, and inconsis-
tency (heterogeneity) was tested by the Chi-square (Chi%)
and the Higgins method (I%) [26].

Risk of bias across studies and additional analyses

We assessed the possibility of publication bias by evalu-
ating a funnel plot of the trials’ mean differences for
asymmetry, which can result from the non-publication of
small trials with negative results (that support the null
hypothesis) or the missing data for from the included
studies (selective reporting bias). If the heterogeneity of the
results of a meta-analysis (Iz) was over 50 %, we excluded
the report(s) located outside the funnel (outliers) and then
performed another meta-analysis without the given report.
If we could not detect outliers, true heterogeneity was
presumed and discussed. We acknowledge that other fac-
tors could produce asymmetry in funnel plots leading to a
high heterogeneity (true study heterogeneity), such as dif-
ferences in trial quality, differences in the population
studied, or even different techniques studied under the
same endoscopic modality (for example, heater probe and
argon plasma coagulation are studied under thermal
coagulation).

We considered that the gathering of different trials
presenting with discrepant methodological quality in the
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same analysis could bring a risk of bias across the studies
for the result. For this reason, we performed an additional
analysis for each comparison, including only the trials of
higher methodological quality.

Results
Study selection

Nine thousand, seven hundred and thirty-eight (9738)
studies were screened, and the articles were assessed for
eligibility after the title and abstract were read. The fol-
lowing flowchart, an adapted PRISMA flow diagram,
illustrates the study selection process (Fig. 1). One trial
was excluded from the meta-analyses [31] because it

measured different outcomes that could not be adapted to
the outcomes reviewed in this paper.

Study characteristics

a. Methods—All twenty-eight studies selected for this
review were randomized controlled trials published in
English. Almost half of the authors calculated a sample
size of patients for their trials.

b. Participants—A total of 2988 patients were involved in

this review. Although all patients suffered from acute
UGIB caused by PUD, the exclusion criteria were
distinct between the trials; some studies were very
broad and did not present any clinical exclusion
criteria (except for unwillingness to participate in the
trial), and others preferred to exclude patients with

Additional records identified through
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Fig. 1 Study selection flowchart. Adapted from [19, 58]
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pregnancy, advanced malignancy, or a coagulopathy or
receiving anticoagulant therapy. Regarding the inclu-
sion criteria, most studies only gave the specification
that the bleeding should have originated from a peptic
ulcer; however, a few trials studied only patients that
presented with actively bleeding ulcers.

c. Interventions—Each trial was placed under a specific
comparison group according to the endoscopic tech-
niques that were employed. The same trial could be
placed under more than one comparison group, if it used
three arms in the study (for example, injection ther-
apy x thermal coagulation x combined technique). In
that case, each comparison was analyzed separately.
After the proper organization of the trials, we framed
seven comparison groups, as shown in Table 1. Each
comparison group was meta-analyzed separately.

d. Outcomes—Most of the trials assessed, at least, the
same outcomes that we intended to evaluate (initial
hemostasis, rebleeding, emergency surgery, and over-
all mortality rates). Nonetheless, some studies
expressed their results in other outcomes; fortunately,
most of those different outcomes could be adapted to
the outcomes measured in this review by collecting
some other information within the report. Initial
hemostasis and rebleeding outcomes had subtle hetero-
geneity between the studies (for example, some trials
described blood in the stomach after 24 h of the
therapy as a rebleeding sign); however, all the trials
stated the necessity for endoscopic confirmation of
those outcomes. One study [52] only evaluated initial
hemostasis and rebleeding rates, but we decided to
keep this study in the quantitative analyses.

A summary of the characteristics of the included trials is
shown in Table 1, organized into specific comparison
groups.

Risk of bias within studies

The risk of bias within the studies was assessed by
applying the Jadad scale and evaluating whether the
endoscopic hemostatic techniques and the definitions of the
outcomes were properly described.

Although some studies reported that they were single-
blinded, no trial was double-blinded (as expected for this
sort of trial), and this is considered a source of bias.
Therefore, the maximum Jadad score of the articles was 3
points, which was achieved by almost two-thirds of the
trials. Most of the studies suitably reported the endoscopic
techniques and the definitions of the outcomes measured.
The data of each selected study are summarized in the
Supplementary Risk of Bias within Studies and Supple-
mentary Table 1.

Results of individual studies

The results for each outcome measured in the included
studies are shown in Supplementary Table 2 as a propor-
tion of the number of events over the total amount of
patients involved in an intention-to-treat basis.

We calculated the event rates and absolute risk reduc-
tion (ARR) or increase (ARI) with their respective 95 % CI
and the number needed to treat (NNT) or harm (NNH) for
each study using the critically appraised topic (CATmaker)
software. However, we believe that to show all those
numbers would be confusing, considering the great amount
of studies and the different comparisons included in this
review. These measurements will be graphically expressed
along with the meta-analyses.

Synthesis of results and risk of bias across studies

In the following figures, the risk differences and their
confidence intervals and the results of the meta-analyses
and their respective heterogeneity measures are graphically
exhibited; this was performed for every comparison group,
according to the sequence presented in the tables. We
developed one forest plot and one funnel plot for each
outcome, and an additional forest plot excluding the out-
liers, if necessary. Due to the great amount of graphics,
only the most important ones will be shown here; all the
others are published in the Supplementary Synthesis of
Results. The results of the additional analyses of the trials
with higher methodological quality will be expressed in the
next topic.

Hemoclip versus injection therapy

This comparison group contains five trials to be meta-an-
alyzed, of which three studies [27, 29, 30] can be classified
in the higher methodological quality subgroup.

Initial hemostasis There were no differences between
hemoclip and injection therapy in achieving initial
hemostasis (risk difference [RD] 0.01, 95 % confidence
interval [CI] —0.02 to 0.04), with the heterogeneity as low
as zero (Supplementary Figures [SF] 1 and 2).

Rebleeding As shown in Fig. 2, the results of the meta-
analysis favored the use of hemoclip, resulting in the NNT
of 7 (RD —0.13, 95 % CI —0.19 to —0.08), with a low
heterogeneity (> =1 %) (SF 3).

Emergency surgery When evaluating emergency surgery
rates, once again the hemoclip was superior to injection
therapy, with a NNT of 20 (RD —0.05, 95 % CI —0.09 to
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Table 1 Characteristics of the included trials, organized into comparison groups

References Country n Comparison Follow-up
Hemoclip x injection therapy
Ljubicic et al. [27] Croatia 150 Hemoclip x epinephrine (small and large volume) 30 days
Ljubicic et al. [28] Croatia 61 Hemoclip x epinephrine and polidocanol Not reported
Shimoda et al. [29] Japan 126 Hemoclip x ethanol x combined 30 days
Chou et al. [30] Taiwan 79 Hemoclip x distilled water 8 weeks
Gevers et al. [31] Belgium 101 Hemoclip x epinephrine and polidocanol x combined 4 weeks
Chung et al. [32] Korea 124 Hemoclip x epinephrine x combined 7 days
Hemoclip x hemoclip and injection therapy
Grgov et al. [33] Serbia 70 Hemoclip x hemoclip and epinephrine 8 weeks
Shimoda et al. [29] Japan 126 Hemoclip x ethanol x combined 30 days
Gevers et al. [31] Belgium 101 Hemoclip x epinephrine and polidocanol x combined 4 weeks
Chung et al. [32] Korea 124 Hemoclip x epinephrine x combined 7 days
Hemoclip and injection therapy x injection therapy
Lo et al. [34] Taiwan 105  Hemoclip and epinephrine x epinephrine 8 weeks
Shimoda et al. [29] Japan 126 Hemoclip x alcohol x combined 30 days
Gevers et al. [31] Belgium 101 Hemoclip x epinephrine and polidocanol x combined 4 weeks
Chung et al. [32] Korea 124 Hemoclip x epinephrine x combined 7 days
Hemoclip x thermal coagulation
Arima et al. [35] Japan 96 Hemoclip x soft coagulation 30 days
Taghavi et al. [36] Iran 172 Hemoclip and epinephrine x argon plasma coagulation and epinephrine 4 weeks
Lin et al. [37] Taiwan 93 Hemoclip x heater probe and epinephrine 14 days
Lin et al. [38] Taiwan 80 Hemoclip x heater probe 14 days
Cipolletta et al. [39] Ttaly 113 Hemoclip x heater probe 30 days
Thermal coagulation x injection therapy
Skok et al. [40] Slovenia 100 Argon plasma coagulation x epinephrine and polidocanol 12 months
Laine et al. [41] USA 100 Bipolar electrocoagulation x saline solution Not reported
Lin et al. [42] Taiwan 96 Bipolar electrocoagulation x epinephrine x combined 14 days
Gralnek et al. [43] USA 31 Heater probe x epinephrine and alcohol x medical-surgical 30 days
Llach et al. [44] Spain 104  Heater probe x epinephrine and polidocanol Not reported
Choudari et al. [45] Scotland 120 Heater probe x epinephrine and ethanolamine 30 days
Panes et al. [46] Spain 127 Microwave coagulation x epinephrine and polidocanol Not reported
Waring et al. [47] USA 60 Multipolar electrocoagulations x alcohol Not reported
Chung et al. [48] China 132 Heater probe x epinephrine 4 weeks
Sollano et al. [49] Philippines 83 Heater probe x epinephrine x epinephrine and aethoxysclerol Not reported
Laine et al. [50] USA 60 Multipolar electrocoagulations x alcohol Until discharge
Lin et al. [51] China 137 Heater probe x alcohol x control Not reported
Lin et al. [52] China 78 Heater probe x alcohol 2 months
Thermal coagulation x thermal coagulation and injection therapy
Bianco et al. [53] Italy 114 Bipolar electrocoagulation x bipolar electrocoagulation and epinephrine 30 days
Lin et al. [42] Taiwan 96 Bipolar electrocoagulation x epinephrine x combined 14 days
Thermal coagulation and injection therapy X injection therapy
Lin et al. [42] Taiwan 96 Bipolar electrocoagulation x epinephrine x combined 14 days
Chung et al. [54] Hong Kong 276  Heater probe and epinephrine x epinephrine 4 weeks

—0.01). The trial conducted by Shimoda was responsible
for some heterogeneity; however, the study should not be
considered an important outlier, as its removal does not
significantly alter the results (SF 4 and 5).
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Overall mortality Concerning the overall mortality rate,
there was no statistical difference between the hemoclip
and injection therapy groups (RD 0.02, 95 % CI —0.01 to
0.06), with no heterogeneity (SF 6 and 7).
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Hemoclip Injection Therapy Risk Difference Risk Difference

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 85% CI
Chung, 19989 1 41 ] 41 18.7% -0.12 [-0.24, -0.00] 1999 — -
Chou, 2003 4 39 12 40 18.0% -0.20 [-0.37, -0.03] 2003 = & -
Shimoda, 2003 4 42 ] 42 191%  -0.05[-0.19, 0.09] 2003 il
Ljubicic, 2004 2 31 4 30 13.9%  -0.07 [-0.22, 0.08] 2004 — =
Ljubicic, 2012 2 50 23 100 304% -0.19[-0.29,-0.09] 2012 —
Total (95% CI) 203 253 100.0% -0.13 [-0.19, -0.08] B
Total events 13 51 :

ity: Chi? = = = 2= } t t t
Heterogeneity: Chi* = 4.04, df =4 (P = 0.40); I = 1% 0201 0 01 02

Test for overall effect: £ =4.49 (P < 0.00001)

Fig. 2 Rebleeding rates: hemoclip versus injection therapy

Hemoclip versus hemoclip and injection therapy

In this comparison group, only one trial [29] had higher
methodological quality; therefore, we did not conduct a
separate analysis for this comparison. Moreover, the results
of this trial are similar to the combined results of all the
included trials, eliminating the need for a separate analysis.

Initial hemostasis When evaluating the achievement of
initial hemostasis, there was no difference between the
hemoclip group and the group that combined hemoclip and
injection therapy (RD —0.01, 95 % CI —0.05 to 0.03), with
no heterogeneity between the trials (SF 8 and 9).

Rebleeding There were no differences in rebleeding rates
between the hemoclip group and the hemoclip—injection
therapy combination group (RD —0.01, 95 % CI —0.07 to
0.06), with low heterogeneity between the trials
(7 = 10 %) (SF 10 and 11).

Emergency surgery There were no statistically significant
differences in emergency surgery rates between the two
groups (RD 0.01, 95 % CI —0.03 to 0.05), with hetero-
geneity equal to zero (SF 12 and 13).

Overall mortality There were also no differences con-
cerning the overall mortality rates between the hemoclip
group and the group that combined hemoclip and injection
therapy (RD 0.03, 95 % CI —0.02 to 0.07), with no
heterogeneity (SF 14 and 15).

Hemoclip and injection therapy versus injection therapy

This comparison group contains three trials to calculate the
meta-analyses. Only one study [32] did not meet the criteria
for entering into the high methodological quality subgroup.

Initial hemostasis Considering all the trials, there were no
differences between the combination of hemoclip with
injection therapy and injection therapy alone in achieving
initial hemostasis (RD 0.03, 95 % CI —0.01 to 0.07). The

Hemoclip  Injection Therapy

analysis presented a low heterogeneity (I> = 3 %) (SF 16
and 17).

Rebleeding Figure 3 shows the results of the meta-anal-
ysis favoring the use of the combination of hemoclip and
injection therapy rather than injection therapy alone; there
was a NNT of 10 (RD —0.10, 95 % CI —0.18 to —0.03)
and no heterogeneity (SF 18).

Emergency surgery To interpret this graphic, we should
first explain the cause for the high heterogeneity value
(I > 80 %) presented by the meta-analysis of all included
trials (SF 19). The trial conducted by Shimoda et al.
allowed the endoscopist to perform a different endoscopic
hemostatic technique after the patient experienced a
rebleeding episode; this may explain why the results pre-
sented by this study are disparate from the other trials,
allowing us to consider that paper an outlier (clearly shown
by the funnel plot—SF 20). Therefore, we should only
consider the results of the meta-analysis after excluding
this article from this outcome (Fig. 4), which led us to
affirm that, for emergency surgery rates, the combination
group was superior to injection therapy alone, with a NNT
of 9 (RD —0.11, 95 % CI —0.18 to —0.04).

Overall mortality Concerning the overall mortality rate,
there were no differences between the combination and
injection therapy groups (RD 0.01, 95 % CI —0.03 to 0.04)
with the heterogeneity equal to zero (SF 21 and 22).

Hemoclip versus thermal coagulation

In this comparison group, all five trials included for the
meta-analyses are considered to be of a high methodolog-
ical quality, dismissing the need for a subgroup analysis;
however, the thermal coagulation group involves three
different types of techniques (heater probe was used by
Cipolleta and by Lin in both of his trials, Taghavi applied
argon plasma coagulation, whereas Arima studied the soft
coagulation mode). Furthermore, Lin et al. [37] combined
epinephrine and heater probe in the thermal coagulation
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Hemoclip and Injection therapy

Injection Therapy

Risk Difference

Risk Difference
M-H, Fixed, 95% CI

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year
Chung, 1999 4 42 [ 41 30.5%  -0.05[-0.19, 0.09] 1999
Shimoda, 2003 3 42 & 42 309%  -0.07 [-0.20, 0.08) 2003
Lo, 2006 2 52 11 53 386% -0.17[-0.29,-0.05] 2006
Total (95% CI) 136 136 100.0% -0.10 [-0.18, -0.03]

Total events 9 23

Heterogeneity: Chi# = 1.89, df = 2 (P = 0.39); P = 0%
Test for overall effect: Z = 2.68 (P = 0.007)

—
—_——
—_—

B

Hemoclip and Injection therapy

Fig. 3 Rebleeding rates: hemoclip and injection therapy versus injection therapy

Hemoclip and Injection therapy

Injection Therapy

Risk Difference

01 02
Injection Therapy

02 01 0

Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 85% Cl Year M-H, Fixed, 95% CI
Chung, 1999 1 42 ] 41 44.1% -0.12[-0.24,-0.00] 1999 - &
Shimoda, 2003 0 42 0 42 Not estimable 2003
Lo, 2006 0 52 5 53 55.9% -0.09[-0.18, -0.01] 2006 ——
Total (95% CI) 94 94 100.0% -0.11[-0.18, -0.04] e
Total events 1 1"
Ity: Chi? = = = =08 t t t t
Heterogeneity: Chi* = 0.15, df =1 (P = 0.70); F = 0% 02 o1 3 01 02

Test for overall effect: Z = 2.95 (P = 0.003)

Hemoclip and Injection therapy

Injection Therapy

Fig. 4 Emergency surgery rates: hemoclip and injection therapy versus injection therapy, excluding the outlier

group; Taghavi et al. [36] applied epinephrine injection
into both groups. These facts may cause some hetero-
geneity between the results of the trials and will be pointed
throughout the outcome analyses.

Initial hemostasis This outcome should be interpreted
with caution, due to the high heterogeneity in both analyses
(SF 23 and Fig. 5); as mentioned above, this heterogeneity
may be because of the different techniques applied by the
authors, and even after excluding the outlier [36] identified
by the funnel plot (SF 24), the heterogeneity remains
considerable (I = 77 and 55 %, respectively). Curiously,
Cipolletta found disparate results from both of Lin’s
studies, considering that these three trials applied heater
probe coagulation in the thermal coagulation group. These
findings may be due to subtle particularities in the popu-
lation participating in the trials (for instance, Lin et al. [37]
excluded five patients from the hemoclip group because of
“inability to apply” the clip in ulcers located in difficult
positions; it should not be considered a methodological
error, once the author clearly stated this exclusion criteria
in his methods, but we included those patients in our

analyses, considering the intention-to-treat basis). Never-
theless, Fig. 5 shows that the thermal coagulation group is
superior to the hemoclip group, with a NNT of 14 (RD

0.07, 95 % CI

—0.14 to

—0.01), with considerable

heterogeneity (I* = 55 %). This result should be carefully
interpreted and will be discussed later in this review.

Rebleeding The meta-analysis of all included trials
demonstrated a high heterogeneity (I = 76 %). After
performing sensitivity analysis through the funnel plot, two
studies were identified as outliers [35, 39]. After removing
the outliers from the analysis, no statistical difference was
detected between the hemoclip and thermal coagulation
groups for rebleeding rate (RD 0.02, 95 % CI —0.08 to
0.04); the heterogeneity was low after excluding the out-
liers (I* = 19 %) (SF 25, 26 and 27).

Emergency surgery For the emergency surgery outcome,
there was no statistical difference in the comparison
between the hemoclip group and the thermal coagulation
group (RD —0.02, 95 % CI —0.05 to 0.01), with hetero-
geneity equal to zero (SF 28 and 29).

Hemoclip Thermal Coagulation Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 35% Cl Year M-H, Fixed, 95% CI
Cipolletta, 2001 50 56 49 57 29.6% 0.03 [-0.09, 0.15] 2001 Bl
Lin, 2002 34 40 40 40 209% -0.15[-0.27,-0.03] 2002 - &=
Lin, 2003 39 46 47 47 243% -0.15[-0.26,-0.04] 2003 — &
Taghavi, 2009 82 a3 86 a9 0.0% 0.02 [-0.02, 0.07] 2009
Arima, 2010 38 48 41 48 25.1%  -0.06[-0.21,0.09] 2010 -
Total (95% CI) 190 192 100.0% -0.07 [-0.14, -0.01] i
Total events 161 177 . . . .
Heterogeneity: Chi? = 6.64, df = 3 (P = 0.08); I* = 55% B9 o1 2 P —_

Test for overall effect: Z = 2.27 (P = 0.02)

Fig. 5 Initial hemostasis rates: hemoclip versus thermal coagulation,
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Overall mortality Concerning the overall mortality rate,
analysis of the trials showed no difference between the
hemoclip group and the thermal coagulation group (RD O,
95 % CI —0.03 to 0.03), with no heterogeneity (SF 30 and
31).

Thermal coagulation versus injection therapy

This is the comparison group that contained the largest
amount of trials, with a total of 13 included studies. A sig-
nificant amount of techniques are involved in each group
(different injectates, such as epinephrine, alcohol, polido-
canol, and combinations of these, and varied coagulation
techniques, such as bipolar and multipolar electrocoagula-
tion, heater probe, microwave, and argon plasma coagula-
tion); therefore, we tried to reach the lowest heterogeneity
possible in each outcome measured for greater validity of the
results. As for the subgroup analyses, seven trials met the
criteria to be considered as high-quality studies.

Initial hemostasis When evaluating the achievement of
initial hemostasis, the meta-analysis containing all the
included trials resulted in high heterogeneity (I = 71 %)
between the studies (SF 32). After applying the sensitivity
test through the funnel plot (SF 33), we identified three
outliers [48, 51, 52]. Curiously, Lin et al. [52] and Chung
studied only patients presenting with actively bleeding
ulcers, despite the opposite results encountered. The
heterogeneity of the analysis dropped to zero after
removing the outliers, showing no difference between the
thermal coagulation group and the injection therapy group
(RD 0.01, 95 % CI —0.02 to 0.03) (SF 34).

Rebleeding The analysis of rebleeding rate did not count
with high heterogeneity between the studies (> = 25 %);
however, the trial conducted by Laine et al. [41] was con-
sidered as an outlier in the funnel plot (SF 35 and 36), pos-
sibly because the author applied saline solution in the
injection therapy group. After removal of this trial (Fig. 6),
the heterogeneity of the analysis dropped to zero, showing no
statistical differences between the thermal coagulation and
injection therapy groups (RD 0.02, 95 % CI —0.02 to 0.06).

Emergency surgery In the evaluation of the emergency
surgery rate, there were no differences between the thermal
coagulation group and the injection therapy group (RD O,
95 % CI —0.03 to 0.04), with heterogeneity equal to zero
(SF 37 and 38).

Overall mortality Concerning the overall mortality rate,
there were no statistical differences between the thermal
coagulation and injection therapy groups (RD 0.01, 95 %

CI —0.02 to 0.04), with no heterogeneity between the
studies (SF 39 and 40).

Thermal coagulation versus thermal coagulation
and injection therapy

There are only two trials included in this comparison group
[42, 53], which could decrease the reliability of the results
of the meta-analyses. Both trials are considered to have a
high methodological quality, dismissing the need for sub-
group analyses.

Initial hemostasis When combining the results of the trials,
the difference found by Bianco, favoring the combined
therapy group over the thermal coagulation group in the
achievement of initial hemostasis, was not matched by Lin’s
results (who encountered no differences at all between the
groups), leading to no statistical differences between both
groups (RD 0.07, 95 % CI —0.00 to 0.14) with considerable
heterogeneity, as expected (I2 = 51 %) (SF 41 and 42).

Rebleeding Once again, both authors reached different
results in their trials when evaluating the rebleeding rate.
However, this time Lin appointed to a difference between
the groups, favoring the combination therapy; Bianco
found a small difference in her trial, favoring the same
group (although it was not statistically significant). As a
result, the meta-analysis shows that the combination ther-
apy (thermal coagulation and injection therapy group) is
superior to thermal coagulation alone in preventing
rebleeding, with a NNT of 9 (RD —0.11, 95 % CI —0.21 to
—0.02) and considerable heterogeneity, as expected
(> = 56 %) (SF 43 and 44).

Emergency surgery There was no heterogeneity between
the trials, and the meta-analysis shows no statistical dif-
ferences between the thermal coagulation group and the
thermal coagulation and injection therapy group in emer-
gency surgery rate (RD —0.05, 95 % CI —0.11 to 0.01) (SF
45 and 46).

Overall mortality Concerning the overall mortality rate,
the analysis of the trials showed no difference between the
thermal coagulation group and the thermal coagulation and
injection therapy group (RD —0.02, 95 % CI —0.08 to
0.03), with heterogeneity equal to zero (SF 47 and 48).

Thermal coagulation and injection therapy versus injection
therapy

Over again, this comparison group contains only two trials,
and both studies are high-quality trials, dismissing the
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Thermal Coagulation  Injection Therapy

Risk Difference

Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Lin, 1988 5 42 6 36 7.6% -0.05[-0.20, 0.11] 1988

Laine, 1990 2 31 1 28 5.9% 0.03 [-0.08, 0.14] 1990 N

Lin, 1990 8 45 2 46 8.9% 0.13 [0.01, 0.26] 1990

Panes, 1991 15 65 11 62 12.5% 0.05 [-0.09, 0.19) 1991 —
Chung, 1991 4 64 (] 68 12.09% -0.03[-0.12, 0.08] 1991 =

Waring, 1991 7 29 7 ki 5.9% 0.02 [-0.20, 0.23] 1991 -
Soliano, 1991 2 22 4 61  63% 0.03 [-0.11, 0.18] 1991 I
Choudari, 1992 9 60 8 60 11.8% 0.02 [-0.11, 0.14] 1982 B
Llach, 1996 12 53 5 51 10.2%  0.13[-0.01,027] 1996 !
Gralnek, 1997 1 9 3 10 1.9% -0.19 [-0.54, 0.16] 1997

Lin, 1999 9 32 1 32 6.3%  -0.06[-0.29, 0.16] 1999 —
Laine, 2001 6 52 14 48 Not estimable 2001

Skok, 2004 7 50 ] 50  9.8%  -0.04 [-0.18, 0.10] 2004 — &

Total (35% CH) 502 536 100.0% 0.02 [-0.02, 0.06]

Total events &1 73 .

Heterogeneity: Chi* = 10.00, df = 11 (P = 0.53); P = 0%
Test for overall effect: Z = 0.90 (P = 0.37)

0.25 05
Injection Therapy

05 0.25 0
Thermal Coagulation

Fig. 6 Rebleeding rates: thermal coagulation versus injection therapy, excluding Laine, 2001

subgroup analyses. As the trials involved a very different
amount of patients (Lin et al. [42] evaluated 96 patients,
whereas Chung et al. [54] studied 276 patients), the dif-
ferent results between the trials will lead to a high
heterogeneity, and sensitivity tests through a funnel plot
will probably consider Lin as an outlier. It is appropriate,
however, to remember that the authors studied different
thermal coagulation techniques: Lin applied bipolar elec-
trocoagulation and Chung used the heater probe.

Initial hemostasis When evaluating the achievement of
initial hemostasis, there was no difference between the
injection therapy group and the group that combined
thermal coagulation and injection therapy (RD 0.01, 95 %
CI —0.02 to 0.04), with no heterogeneity between the trials
(SF 49 and 50).

Rebleeding As hypothesized before, the differences
between the studies’ results led to a high heterogeneity
(> = 85 %) and the meta-analysis showed the superiority
of the combination therapy over the injection therapy alone
in preventing rebleeding, with a NNT of 12 (RD —0.08,
95 % CI —0.14 to —0.02) (SF 51). However, if we consider
the funnel plot (SF 52) and exclude Lin’s trail (as an out-
lier), we would remain with Chung’s results that showed no
statistical differences in the comparison between the

groups (RD —0.03, 95 % CI —0.10 to 0.03).

Emergency surgery For the emergency surgery rate, the
meta-analysis showed a statistical difference in the com-
parison between the thermal coagulation and injection
therapy group and injection therapy group, favoring the
combination therapy with a NNT of 16 (RD —0.06, 95 %
CI —0.12 to —0.00) and low heterogeneity (I2 =2 %) (SF
53 and 54).

@ Springer

Overall mortality Concerning the overall mortality rate,
the meta-analysis showed no difference between the
injection therapy group and the thermal coagulation and
injection therapy group (RD —0.01, 95 % CI —0.06 to
0.04), with no heterogeneity between the studies (SF 55
and 56).

Summary of the results

Table 2 shows a summary of the results of the meta-anal-
yses of all the comparison groups. There were no differ-
ences in the mortality rate in all comparisons.

Additional analyses

We performed additional analyses for each outcome, con-
sidering only the trials with higher methodological quality,
in the following comparison groups: hemoclip versus
injection therapy; hemoclip and injection therapy versus
injection therapy; and thermal coagulation versus injection
therapy. The other comparison groups dismissed the need
for an additional analysis mostly because all the included
trials were high-quality studies, except for the comparison
between hemoclip versus hemoclip and injection therapy,
in which only one trial would enter the subgroup analyses.

When the results from the subgroup analyses were
compared to the results from the analyses that included all
the trials, there was only one outcome where the subgroup
analyses showed a statistically different result. In the first
comparison group (hemoclip vs injection therapy), when
evaluating the emergency surgery rates, there was a ten-
dency favoring the hemoclip group, but it was not statis-
tically significant (RD —0.05, 95 % CI —0.10 to 0.00). In
the analysis including all the trials, the hemoclip was
superior to the injection therapy in emergency surgery
rates. In the other two comparison groups, the subgroup
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Table 2 Summary of the results

Comparison group

Initial hemostasis

Rebleeding rate Need for surgery

Hemoclip x injection No difference

Hemoclip x hemoclip and injection No difference
No difference
Thermal*

No difference

Hemoclip and injection X injection
Hemoclip x thermal
Thermal x injection

Thermal x thermal and injection

~N N R W =

Thermal and injection x injection No difference

Thermal and injection

Hemoclip Hemoclip

No difference No difference
Hemoclip and injection Hemoclip and injection
No difference No difference
No difference No difference
Thermal and injection No difference

Thermal and injection* Thermal and injection

The therapeutic methods that the meta-analyses showed superiority are highlighted

* Comparisons that encountered a high heterogeneity in the meta-analyses (discussed in the proper section)

analyses did not significantly alter any result found in the
analyses of all included trials.

Discussion
Summary of evidence and limitations

Despite the considerable number of trials included in this
review, most of which were considered as having high
methodological quality, a limitation of the meta-analyses
was the relatively low number of studies included in each
of the comparison groups (not more than five trials), except
for the comparison of the injection therapy group versus
the thermal coagulation group. However, some very
interesting results were found and deserve to be discussed.

Injection therapy was often considered the control
group, as it is widely performed, most likely because of its
ease of use, availability, and the extensive experience with
its application by most endoscopists [55]. When this
technique is compared with combination therapy (either
with hemoclip or with thermal coagulation), the meta-
analyses statistically favored the combination therapy.
Interestingly, both combinations presented better results in
the same outcomes: the rebleeding rate and the emergency
surgery rate. This fact could lead to the assumption that the
injection therapy alone is probably as effective as its
combination with another modality in terms of the initial
hemostasis; however, due to its ephemeral effect, patients
treated with this single modality present higher rebleeding
rates and a higher need for emergency surgery. Despite the
low numbers of trials included in those comparison groups,
the results encountered by the meta-analyses are vastly
supported by previous reviews and many consensuses [18,
21, 55-57] and they should be considered by the endo-
scopists when facing this emergency situation.

The comparison between the hemoclip group and the
injection therapy group (both as single-modality treat-
ments) also generated an interesting result. Hemoclip was
superior over the injection therapy when evaluating the

rebleeding rate, with a NNT of 7 (if accounting with all the
included trials) or 6 (in the subgroup analysis of the higher
methodological quality studies), meaning that for each six
or seven patients presenting with UGIB caused by a peptic
ulcer, one would benefit in not developing rebleeding
during the evolution of the treatment (should all patients be
treated with hemoclip instead of injection of epinephrine or
other injectate). This is a very representative result that
carries a high reliability and clinical relevance. The
hemoclip group was also statistically favored over the
injection therapy group in the need for emergency surgery
in the analysis containing all the included trials. As pointed
before, those results may be due to the transient effect of
the injection therapy when it is applied alone.

Despite the absence of statistical differences in the
comparison between the hemoclip group and the group that
combined injection therapy and hemoclip application, we
consider those results very meaningful and applicable.
Only three trials were involved in this comparison group
(of which only one was considered to have high method-
ological quality); however, the heterogeneity in every
outcome analysis was very low (varying between O and
10 %), which means that the results are probably reliable.
In every outcome analyzed, strictly no difference was
encountered between the hemoclip group and hemoclip and
injection therapy group. In daily practice, the meaning of
those results is that the combined application of an injec-
tate does not improve the hemostatic efficacy of the use of
hemoclip alone.

The results generated from the meta-analyses of the
hemoclip group versus the thermal coagulation group
should be carefully interpreted, for many reasons. At first,
five trials were included in this group, of which all are
considered to have high methodological quality; however,
there are three different techniques evaluated under the
thermal coagulation group (heater probe was used by
Cipolleta and by Lin in both of his trials, Taghavi applied
argon plasma coagulation, whereas Arima studied the soft
coagulation mode). Another variance regarding the tech-
niques is that Lin et al. [37] combined epinephrine and
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heater probe in the thermal coagulation group and Taghavi
et al. [36] applied epinephrine injection in both groups (in
combination with argon plasma coagulation and with
hemoclip); these facts may have been responsible for the
high heterogeneity levels present in the evaluation of initial
hemostasis and rebleeding rates. In the analysis of the
achievement of initial hemostasis, the heterogeneity was
considerable, even after excluding the outlier [36] pointed
by the funnel plot and this analysis favors the thermal
coagulation group over the hemoclip group. The analyses
of rebleeding rate (which presented with an accept-
able heterogeneity after performing the sensitivity analysis,
through the funnel plot, and excluding the two outlier trials
from the analysis: Cipolletta et al. [39] and Arima et al.
[35]), need for emergency surgery, and overall mortality
rate showed no statistical differences between the hemoclip
group and the thermal coagulation group. As previously
mentioned, the results of this comparison group should be
considered with caution. Perhaps a solution for this issue is
the publication of a greater number of trials studying this
comparison; so the meta-analyses could be performed
separately, according to the technique employed in the
thermal coagulation group (instead of clustering different
techniques under the same group).

The comparison group involving the thermal coagula-
tion group versus the injection therapy group was the one
that had the highest number of trials (a total of 13 studies).
On the one hand, this could lead to more solid results; on
the other, the significant amount of techniques involved in
each group (i.e., different injectates, such as epinephrine,
alcohol, polidocanol, and combinations of these, and varied
coagulation techniques, such as bipolar and multipolar
electrocoagulation, heater probe, microwave, and argon
plasma coagulation) could compromise the results with
high heterogeneity rates between the studies. Fortunately,
the sensitivity tests performed through funnel plots were
able to find the outliers (which were excluded), dropping
the heterogeneity to zero in all of the analyses, validating
the results reached in every outcome. The trial conducted
by Laine et al. [41] applied saline solution in the injection
therapy group and was considered as an outlier in the
evaluation of rebleeding. We believe that this injectate
should not be considered as a good option for an injection
therapy, because its effect may be temporary (as corrobo-
rated by the results presented by Laine et al. [41]). No
differences were found in every comparison made between
the thermal coagulation group and the injection therapy
group, indicating similar hemostatic results when per-
formed as single techniques.

The comparison between the combination of thermal
and injection therapy versus the thermal coagulation group
had only two trials (although both reports present high
methodological quality). Moreover, those studies showed
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some considerably heterogeneous results concerning the
assessment of initial hemostasis and rebleeding rates
(P =51 % and I* = 56 %, respectively). The meta-anal-
yses favored the combined technique when evaluating the
rebleeding rate, with a NNT of 9. There were no statistical
differences in the appraisal of the other outcomes. The
results encountered in these analyses lack greater reliability
(for the reasons previously stated), as more studies
assessing this comparison are needed for more solid
evidence.

Conclusions

The first conclusion of this systematic review is that
injection therapy should not be used as a single modality in
the treatment of UGIB caused by a peptic ulcer, since its
combination with either hemoclip or thermal coagulation
produces better results.

The application of hemoclip is superior to injection
therapy as a single modality, and the combined application
of hemoclip and an injectate does not improve the hemo-
static efficacy above the use of hemoclip alone.

As a single modality, thermal coagulation has a similar
hemostatic efficacy to the use of injection therapy, and
these combined modalities appear to be superior to the use
of a thermal coagulation technique alone.

Based on what has been presented by this systematic
review, we recommend the application of hemoclips or the
combined use of an injection therapy with a thermal
coagulation method for the treatment of patients presenting
with acute peptic ulcer bleeding.

Future perspectives

Regarding emerging technology, endoscopic topical
hemostatic powders are currently being studied in ran-
domized trials and future reviews shall include this
modality in its analyses as the trials’ results are published.
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