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Abstract
Background and aims Despite advances in pharmacological and endoscopic management of non-variceal upper gastrointesti-
nal bleeding (NVUGIB), mortality is still relevant. TC-325 (Hemospray-Cook Medical) is a mineral powder with adsorptive 
properties, designed for endoscopic hemostasis. There are still no comparative trials studying this new hemostatic modality. 
The objective of this research was to compare the use of TC-325 (associated with epinephrine injection) with the combined 
technique of endoscopic clipping and epinephrine injection for the treatment of patients with NVUGIB.
Methods We conducted a pilot randomized controlled trial with patients that presented NVUGIB with an actively bleeding 
lesion at the endoscopic evaluation. Patients were randomized either to the Hemospray or Hemoclip group. The randomiza-
tion list was generated by a computer program and remained unknown throughout the entire trial. All patients underwent 
second-look endoscopy.
Results Thirty-nine patients were enrolled. Peptic ulcer was the most frequent etiology. Primary hemostasis was achieved in 
all Hemospray cases and in 90% of Hemoclip group (p = 0.487). Five patients in Hemospray group underwent an additional 
hemostatic procedure during second-look endoscopy, while no patient in the Hemoclip group needed it (p = 0.04). Rebleeding, 
emergency surgery and mortality rates were similar in both groups. No toxicity, allergy events, or gastrointestinal obstruction 
signs were observed in Hemospray group.
Conclusions TC-325 presents similar hemostatic results when compared with conventional dual therapy for patients with 
NVUGIB. Hemospray’s excellent primary hemostasis rate certifies it as a valuable tool in arduous situations of severe bleed-
ing or difficult location site.

Keywords Gastrointestinal bleeding · Endoscopic hemostasis · Hemospray · Randomized controlled trial

Introduction/background

Non-variceal upper gastrointestinal bleeding (NVUGIB) is 
a critical condition, not only commonly found in emergency 
departments, but also among hospitalized patients. It repre-
sents a heterogeneous and wide range of causes, with peptic 
ulcer bleeding the most frequent [1, 2] and, therefore, the 
most studied [3, 4]. Despite the significant advances in phar-
macological and endoscopic management of this situation 

over the past decades [5, 6], overall mortality is relatively 
unchanged [7]. The increased use of antithrombotic and 
antiaggregant therapies in an elderly population with mul-
tiple comorbidities is often cited as a plausible reason for 
this [8, 9]. It is also hypothesized that technical aspects 
such as difficult anatomic position (such as the posterior 
wall of the duodenal bulb and the lesser curvature of gastric 
body), intense or diffuse nature of the bleeding lesion, and 
endoscopist experience and skill may be the factors limit-
ing a sharper drop of mortality rates [10]. In these contexts, 
the emerging technology of hemostatic powder may play an 
important role.

Hemospray (TC-325–Cook Medical Inc., Winston-Salem, 
North Carolina, USA) is a mineral powder with adsorptive 
properties, designed for the endoscopic therapy of gastro-
intestinal bleeding. This new agent has proven to enhance 
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clot formation in vivo, and to shorten the coagulation time 
in vitro [11]. It achieves hemostasis by forming a stable 
mechanical barrier over the bleeding site, when the pow-
der makes contact with water (from the actively bleeding 
lesion). As a noncontact technique, Hemospray may have 
an advantage on lesions with difficult anatomic access. 
Previous reports have shown its effectiveness on a mas-
sive hemorrhage situation [12] and on a challenging post-
sphincterotomy bleeding [13]. Diffuse bleeding lesions, 
such as gastrointestinal malignancies, and patients receiv-
ing antithrombotic therapy may also benefit from this new 
technique [14, 15]. Finally, it is important to comment on the 
ease of application of this new hemostatic tool [10].

Despite the many theoretical advantages and some fair 
uncertainties towards the use of Hemospray, there are still 
no prospective comparative trials up until this date study-
ing this new hemostatic modality. In addition, our facility 
required an evaluation of the clinical utility and safety of 
Hemospray before it could be purchased and made routinely 
available. Therefore, the objective of this research was to 
compare the use of Hemospray (associated with epinephrine 
injection) with the combined technique of endoscopic clip-
ping and epinephrine injection for the treatment of patients 
with NVUGIB, in a randomized trial.

Methods

Trial design

This paper was written according to the CONSORT 2010 
Statement guideline for reporting randomized clinical tri-
als [16]. We conducted a pilot single-center randomized 
controlled trial with two parallel groups, in a 1:1 allocation 
ratio.

Participants

Initially, all patients admitted with a history of upper gas-
trointestinal bleeding or in-hospital patients with suspected 
upper gastrointestinal bleeding were eligible to enter the trial 
and were submitted to an endoscopic evaluation after clinical 
stabilization, with airways protection if judged necessary by 
the attending physician. Endoscopy was performed within a 
maximum of 6 h after hospital admission or recognition of 
bleeding symptoms for in-hospital patients.

We included all consecutive patients who consented to 
participate in this trial and presented with an active NVU-
GIB lesion at the endoscopic evaluation. The exclusion cri-
teria were pregnancy and a previous history of endoscopic 
hemostatic treatment in the past 7 days. Prior to the endo-
scopic therapy, patients were randomized to the Hemospray 
group or to the Hemoclip group.

We collected demographic and clinical data, such as 
age, gender, smoking status, comorbidities, medications in 
use (especially antithrombotic or antiaggregant agents and 
nonsteroidal anti-inflammatory drugs), previous history of 
peptic ulcer, gastrointestinal bleeding or surgical procedures, 
and vital signs. Moreover, we collected all relevant informa-
tion of the endoscopic findings, such as the etiology of the 
bleeding (peptic ulcer, esophageal tear, malignancy, post-
polypectomy, post-sphincterotomy), its location, and the 
characteristic of the bleeding (spurting bleeding or oozing 
bleeding), besides the laboratory exams. We also stratified 
the risk of each patient according to the Rockall scale. Study 
data were collected and managed using REDCap (Research 
Electronic Data Capture), which is a secure, web-based 
application designed to support data capture for research 
studies [17]. Medical terminology used was according to 
SNOMED CT (Systematised Nomenclature of Medicine 
Clinical Terms) [18].

Hemostatic procedures

All hemostatic procedures were performed by a limited 
group of endoscopists who had experience with gastroin-
testinal bleeding management and were familiar with clip 
placement. This group did not have experience with Hemos-
pray before the protocol, however; all endoscopists received 
proper orientation and training on how to use the Hemospray 
device. Additionally, nurses and fellows who assisted during 
the procedures were competently trained on the management 
of both devices.

Epinephrine injection was used in both groups. In the 
Hemospray group, epinephrine was used when possible, 
preferably after Hemospray therapy. In the Hemoclip group, 
the endoscopist could choose to use it tactically prior to the 
clip(s) application or as a complement treatment after the 
endoscopic clipping. Exceptionally, epinephrine injection 
was used around an adherent clot in a peptic ulcer base, 
previously to the clot removal; if relevant bleeding emerged 
after its removal, the patient was randomized to one of the 
groups and Hemospray therapy or clip application was 
performed.

The Hemospray device used in this trial comprised a 7Fr 
application catheter, a CO2 cartridge and a syringe contain-
ing 20 g of TC-325 powder. This new technique consists 
of delivering 1–1 s spray bursts to the bleeding site, under 
direct vision, through the catheter that should be positioned 
one to two centimeters distant to the bleeding point. The 
bursts should be repeated until a consistent mechanical 
barrier is formed, covering the bleeding lesion. Figure 1 
shows a case of peptic ulcer spurting bleeding randomized 
to Hemospray group.

For the Hemoclip group, Resolution Clip (Boston Sci-
entific Corp., Marlborough, Massachusetts, USA) was 

Author's personal copy



Surgical Endoscopy 

1 3

applied directly to the bleeding site, involving as much 
tissue around as possible, to achieve hemostasis, before 
or after epinephrine injection, as previously described. In 

Fig. 2, a patient with Mallory-Weiss tears is treated with 
epinephrine injection and metallic clip application.

All patients underwent second-look endoscopy approxi-
mately 24 h after the hemostatic procedure. If rebleeding 

Fig. 1  A case of peptic ulcer bleeding randomized to Hemospray 
group. A Peptic ulcer located in duodenal bulb, after clot removal. 
B After epinephrine injection, spurting bleeding emerged and the 

patient was randomized. C Primary hemostasis was achieved after 
Hemospray therapy. D Second-look endoscopy showed no signs of 
rebleeding

Fig. 2  A case of Mallory-Weiss tears randomized to Hemoclip group. A Oozing bleeding located in distal esophagus. B Metallic clip application 
after epinephrine injection
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was verified during this examination, a new hemostatic pro-
cedure was performed, and a different modality was used 
at the discretion of the endoscopist (usually, a combination 
of a thermal technique and a new epinephrine injection). 
Vital signs and hemoglobin levels were measured until hos-
pital discharge. Red blood cell transfusion was performed 
if hemoglobin level dropped below 7 g/dL (the cut-off point 
was considered 8 g/dL in patients with coronary disease) and 
a new endoscopic examination was repeated whenever the 
attending physician judged necessary.

Outcomes

Primary outcome assessed was the achievement of hemo-
stasis of the actively bleeding lesion. If no bleeding was 
observed from targeted site for 3 min after the hemostatic 
procedure, primary hemostasis was confirmed. In case of 
failure to achieve hemostasis, another hemostatic modality 
was chosen and attempted by the endoscopist, and angio-
graphic procedure or emergency surgery was carried out if 
bleeding persisted.

Other outcomes measured were rebleeding, need for 
another hemostatic procedure during hospital stay, number 
of red blood cells packs needed for transfusion, emergency 
surgery or angiographic procedure rates, length of hospital 
stay, and mortality rate.

Rebleeding was defined as a drop of 2 g/dL or more 
of consecutive hemoglobin measurement or any bleeding 
observed during second-look endoscopy or another endo-
scopic examination performed during hospital stay. If a non-
bleeding visible vessel was seen in the targeted site during 
second-look endoscopy, a new endoscopic hemostasis was 
performed, and this situation counted as a need for another 
hemostatic procedure but not as rebleeding, if not accompa-
nied by any hemodynamic instability or drop of hemoglobin 
levels. In case of persistent bleeding or rebleeding after two 
attempts of different endoscopic approaches, angiographic 
procedure or emergency surgery was performed, and this 
decision was made after multidisciplinary discussion. 
Finally, after 48–72 h of stable vital signs and hemoglobin 
levels, hospital discharge was allowed.

Randomization and allocation concealment

Patients were randomized either to Hemospray group or to 
Hemoclip group in a 1:1 allocation ratio. The randomiza-
tion sequence was generated by a computer randomization 
program (available at randomizer.org) and transferred into 
opaque, sealed and numbered envelopes. The group assign-
ment sequence remained unknown to the authors throughout 
the entire trial. After the visual confirmation of an actively 
bleeding non-variceal lesion, the next envelope in sequence 

was open and the patient randomized to the designated treat-
ment group.

Hemospray devices were provided specifically for this 
trial as an experimental technique, before this new tool was 
authorized for clinical usage in the country. The trial was ini-
tiated after the approval of our institution ethics committee.

Statistical analysis

Statistical analysis was performed using the SSPS 17.0 soft-
ware. Qualitative variables were expressed as minimum and 
maximum values or mean and standard deviations (± SD). 
Event frequency and event rates were used for qualitative 
variables. Student’s t test was used for the comparison 
between means and medians of the groups. Whenever a 
normally distribution pattern was rejected, nonparametric 
Mann–Whitney test was applied. To test for the homogeneity 
of the sample, Chi-square test or Fisher exact test were used. 
A 5% significance level (p value) was used for the tests.

Results

Thirty-nine patients were enrolled from July 2015 to July 
2017. Patient number 4 was randomized twice within the 
first week of hemostatic therapy (protocol deviation). He 
was twice allocated for the Hemospray group due to dif-
ferent bleeding causes; however, only the first episode was 
considered for the statistical analyses. No additional sub-
ject was enrolled to preserve randomization and allocation 
concealment.

Most patients were male (66.7%) with a mean age of 
56.8 ± 15.7 years. The groups were similar regarding sex, 
age, Charlson’s comorbidity score, hemodynamic status at 
presentation, Rockall score, hemoglobin (at admission), and 
INR (at admission), as shown in Table 1.

The majority of patients presented with oozing bleed-
ing (35/39–89.7%). The most common bleeding site was 
the duodenum (18/39–46.2%) and peptic ulcer was the 
most frequent etiology (17/39–43.6%). Table 2 outlines 
the endoscopic findings. Primary hemostasis was achieved 
in all Hemospray cases and in 90% of the Hemoclip group 
(p = 0.487).

Twenty patients required red blood cells transfusions 
(52.6%), 9 (47.4%) from the Hemospray group and 11 
(57.9%) from the Hemoclip group (p = 0.516). There was 
no difference between groups concerning rebleeding, need 
for ventilatory support, or use of vasoactive drugs within 
the first 24 h.

During second-look endoscopy, we found two patients 
(11.1%) from the Hemospray group with active bleeding, 
and three others (16.7%) with a non-bleeding visible vessel. 
Therefore, 5 patients (27.8%) required additional hemostatic 
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procedure during the second-look endoscopy and were suc-
cessfully treated. In the Hemoclip group, none presented 
active bleeding or high-risk findings (p = 0.04).

At 1-week follow-up, five patients presented a new 
hematemesis episode, three from the Hemospray and two 
from the Hemoclip group (p = 0.642). Besides them, one 
patient from the Hemoclip group presented with a small 
hemoglobin drop and the attending team requested another 
endoscopic examination that found a non-bleeding visible 
vessel, which required an additional prophylactic hemosta-
sis. Therefore, six patients needed additional procedures 
within the first week of follow-up, three from each group. 
There were three deaths in the Hemospray and two in the 

Hemoclip group within the first week, but only three were 
directly related to the hypovolemic shock (two Hemospray 
and one hemoclip) with no statistical difference. Accord-
ingly, the need for surgery was also similar between groups 
(1 Hemospray vs 0 Hemoclip, p = 0.45).

After 1 week, the patients were followed until hospital 
discharge or death. In total, eight patients presented with 
rebleeding, five from the hemostatic powder group and 
three from the Hemoclip group (p = 0.57) and there were 
eight deaths (4 Hemospray vs 4 Hemoclip, p = 0.46). Only 
the three aforementioned casualties were ultimately related 
to the UGIB episode, while the other deaths were mostly 
caused by infectious conditions. Moreover, the need for 

Table 1  Demographic data

a Student’s t test
b Chi-square test
c Fisher’s exact test
d Non-parametric Mann–Whitney test

Sample (n = 39) Group p

Hemospray (n = 19) Hemoclip (n = 20)

Age (years) 56.8 ± 15.7 57.2 ± 16.2 56.5 ± 15.6 0.890a

Gender Male 26 (66.7%) 14 (73.7%) 12 (60.0%) 0.365b

Hemodynamic instability 9 (23.1%) 4 (21.1%) 5 (25.0%) 1.000c

Current antithrombotic therapy 16 (41.0%) 7 (36.8%) 9 (45.0%) 0.605b

History of GI hemorrhage 4 (10.5%) 3 (15.8%) 1 (5.3%) 0.604c

Total Rockall score 5.58 ± 1.76 6.11 ± 1.70 5.60 ± 1.82 0.347d

Med = 6.00 Med = 6,00 Med = 6.00
Charlson’s Comorbidity score 3.72 ± 2.04 3.84 ± 2.17 3.60 ± 1.96 0.711d

Med = 4.00 Med = 4.00 Med = 3.50
Hemoglobin (g/dL) 8.76 ± 2.73 8,45 ± 2.41 9.07 ± 3.04 0.488a

INR 1.32 ± 0.41 1,19 ± 0.18 1.44 ± 0.52 0.055a

Table 2  Endoscopic findings 
and hemostatic procedure

*Fisher’s exact test

Sample (n = 39) Group p*

Hemospray (n = 19) Hemoclip (n = 20)

Sort of hemorrhage 0.342
 Oozing bleeding 35 (89.7%) 16 (84.3%) 19 (95.0%)
 Spurting bleeding 4 (10.3%) 3 (15.7%) 1 (5.0%)

Bleeding site 8 (40.0%) 0.730
 Stomach 17 (43.6%) 9 (47.4%)
 Esophagus 4 (10.3%) 1 (5.3%) 3 (15.0%)
 Duodenum 18 (46.2%) 9 (47.4%) 9 (45.0%)

Etiology 0.457
 Mallory-Weiss 3 (7.7%) 1 (5.3%) 2 (10.0%)
 Malignancy 5 (12.8%) 4 (21.1%) 1 (5.0%)
 Peptic ulcer 17 (43.6%) 9 (47.4%) 8 (40.0%)
 Post-sphincterotomy 4 (10.3%) 2 (10.5%) 2 (10.0%)
 Dieulafoy lesion 2 (5.1%) 0 (0.0%) 2 (10.0%)
 Others 8 (20.5%) 3 (15.8%) 5 (25.0%)
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surgical procedure, units of packed red blood cell packs 
needed, and length of stay were also similar between groups. 
Table 3 shows the main hemostatic outcomes.

Discussion

To our knowledge, this research represents the first rand-
omized controlled trial using Hemospray for the treatment 
of patients with NVUGIB. A pilot study was recently pub-
lished, including patients with signs of recent bleeding [19]; 
however, we do not consider it appropriate to use hemostatic 
powder in non-actively bleeding situations, since it needs 
water from the bleeding site to trigger its hemostatic func-
tion. It is important to emphasize that this new technique 
was applied as the first-line therapy in the emergency setting 
of an actively bleeding lesion for all patients in our study. 
Moreover, as all consecutive patients were eligible and the 
inclusion criteria were very broad, many different etiolo-
gies were involved, eliminating the risk of selection bias, 
and generating a real-life scenario with some very critical 
patients.

The limited number of patients included in this trial 
(which was justified by the experimental character of the 
study, since the trial began before Hemospray was author-
ized for clinical usage in the country) may have driven away 
some more pertinent conclusions. However, the results of 
the study and some of the authors’ impressions should be 
discussed. Initially, the hemostatic powder’s primary hemo-
stasis rate of 100% must be highlighted, especially consider-
ing the distressing conditions in which the actively bleeding 
situation may occur, such as location of the bleeding site and 
difficulty of a clear endoscopic view. Recently published 
retrospective analyses also show great rates of immediate 
hemostasis after the use of hemostatic powder in difficult 

scenarios [14, 20, 21]. Therefore, we believe that Hemospray 
will play a vital role in those critically unstable conditions, 
in which fast and precise hemostasis is needed.

The comparison between Hemospray group and the con-
ventional dual-therapy group (combination of Hemoclip 
and epinephrine injection) showed no statistical differences 
except for one outcome, the requirement for an additional 
endoscopic hemostatic therapy during second-look endos-
copy. A relevant point that must be discussed regarding this 
difference is that only a minority of patients who underwent 
a new hemostatic therapy had signs of rebleeding. Most 
patients presented a non-bleeding visible vessel and it was 
opted for a prophylactic therapy; however, it remains unclear 
if this adjuvant treatment was really necessary. Other out-
comes assessed, including rebleeding rate, need for emer-
gency surgery, or mortality revealed no significant differ-
ences. The rebleeding rate from Hemospray group in this 
study was similar to other published data on early experience 
with this new hemostatic tool, indicating that this therapy 
may not be definitive in some situations [10, 22, 23].

In our study, there were no device-related problems con-
cerning the use of the hemostatic powder. Some episodes of 
catheter blockage had occurred; however, the Hemospray 
kit contains an extra catheter in the event the first becomes 
obstructed. Moreover, consistent hemostasis was always 
achieved before any malfunction of the second catheter or 
the emptying of the syringe containing TC-325 powder, 
even with the 7-French catheter. To avoid obstruction of the 
catheter with Hemospray powder, we recommend clearing 
the working channel with air before using the device and to 
minimize aspiration during the hemostatic procedure. As 
for the safety of Hemospray application, no systemic tox-
icity, allergy events, or gastrointestinal obstruction signs 
were reported, and the same safety profile was verified in 
children [24]. There was one dialytic patient admitted in the 
emergency department with refractory hemodynamic insta-
bility, who presented a severe spurting bleeding laceration 
located in distal esophagus, interpreted as a Mallory-Weiss 
tear. A few minutes after Hemospray application, he showed 
signs of abdominal distension, and the attending physician 
opted for a decompressive nasogastric tube, which led to an 
early rebleeding (probably caused by the removal of hemo-
static powder after tube positioning) and death. Afterward, 
autopsy showed that abdominal distension was due to per-
foration of distal esophagus (before or during Hemospray 
therapy), which brings to the recommendation of never using 
this device when a perforation is suspected or imminent.

Finally, it is opportune to comment on three specific 
situations. Four patients randomized for the Hemospray 
group presented with gastric tumor with oozing bleeding 
(one patient with a GIST in the gastric fundus and three 
patients with Adenocarcinoma). All of them were success-
fully treated and did not require any additional hemostatic 

Table 3  Main hemostatic outcomes

a Fisher’s exact test
b Non-parametric Mann–Whitney test
c Chi-square test

Sample Group p*

Hemospray Hemoclip

Primary 
Hemostasis

37 (94.9%) 19 (100%) 18 (90%) 0.487a

 Rebleeding 8 (22.9%) 5 (27.8%) 3 (15.8%) 0.572a

Surgery 
needed

1 (2.6%) 1 (5.3%) 0 (0.0%) 0.455a

 Length of 
stay

8.39 ± 7.85 11.00 ± 10.09 5.94 ± 3.82 0.328b

Median = 7.0 Median = 8.5 Median = 5.0
 Death 8 (20.5%) 4 (21.1%) 4 (20%) 0.468c
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procedure during the hospitalization period. Despite 
the short follow-up, we believe that this situation might 
become one of the main indications of hemostatic powder 
modality, as already published in previous reports [22, 25]. 
Another positive experience was the use of Hemospray in 
post-sphincterotomy bleeding. Two patients were success-
fully treated with hemostatic powder, and did not experi-
ence any obstruction of bile or pancreatic flow, and neither 
presented with rebleeding episodes during hospitalization. 
Lastly, it is notable that almost all the patients (except 
for one) who experienced rebleeding or needed another 
hemostatic procedure in the Hemospray group presented 
with an increase of the blood urea nitrogen at admission, 
which is lately assumed to be a significant predictor of 
poor outcome [26]. Perhaps this marker should indicate a 
mandatory and early second-look evaluation after the use 
of Hemospray so that definitive hemostatic therapy should 
be performed in better conditions if necessary, considering 
that hemostatic powder modality shall be used as a bridge 
treatment in those critical high-risk patients. According 
to our data, this last consideration should be emphasized 
in cases of peptic ulcer bleeding, which was the etiology 
responsible for more than a half of the cases of rebleeding 
in the Hemospray group.

Limitations

Despite the prospective and randomized character of this 
research, the study presents some limitations. First, the sam-
ple size was limited by the number of Hemospray devices 
available. This fact may have led to a type II error, slightly 
narrowing the generalizability of the results found. Another 
limitation may have been caused by the great and hetero-
geneous range of etiologies studied. In one hand, it ena-
bles a wide study on how this new hemostatic tool works 
in different settings. However, this fact limits a deeper 
analysis on specific situations, such as tumor or peptic ulcer 
bleeding or even in the post-papillectomy management, in 
which Hemospray may represent a great ally. Therefore, we 
believe that clinical trials exploring the hemostatic powder 
technique, assessing specific etiologies, are needed. Being 
the first randomized controlled trial using Hemospray on 
non-variceal bleeding, we opted for broad inclusion crite-
ria, simulating the daily scenario of the endoscopist, which 
do not choose which bleeding lesion will be treated at a 
given moment. We did not perform cost analysis in our trial, 
since this was not the focus of this research. It is known that 
Hemospray presents higher costs compared to metallic clips; 
however, it is common to place more than one clip at the 
bleeding site when this technique is used, and this fact may 
balance costs between these modalities.

Conclusions

In conclusion, hemostatic powder presents similar hemo-
static results when compared with conventional dual 
therapy (Hemoclip and epinephrine) in the treatment of 
patients with NVUGIB. Hemospray’s excellent primary 
hemostasis rate certifies it as a valuable tool in those ardu-
ous situations of severe bleeding or difficult location site. 
It also should be considered an optimum bridge hemostatic 
therapy, especially in high-risk patients, when a definitive 
endoscopic treatment may be performed in a more favora-
ble condition.
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