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Acute, nonvariceal, upper gastrointestinal bleeding remains 
a common medical problem associated with significant 

morbidity, mortality and health care resource use. The annual 
incidence of acute upper gastrointestinal bleeding is approxi-
mately 50 to 170 per 100,000 population (1-3). The case fatal-
ity rate of upper gastrointestinal bleeding is approximately 5% 
to 10%, either directly caused by the bleeding episode or 
through deterioration of concurrent medical illnesses (4,5). 

Mortality is related to age, comorbidity, endoscopic stigmata and 
rebleeding as well as the degree of the initial bleeding, trans-
fusion volume and rebleeding after endoscopic therapy (6-9). 

Endoscopic therapy has generally been recommended as the 
first-line treatment for upper gastrointestinal bleeding because 
it has been shown to reduce recurrent bleeding, the need for 
surgery and mortality (10). The American Society of 
Gastrointestinal Endoscopy guidelines (11) and the United 
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BACKGROUND/OBJeCTive: Several combination endoscopic 
therapies are currently in use. The present study aimed to compare 
argon plasma coagulation (APC) + adrenaline injection (AI) with 
hemoclips + AI for the treatment of high-risk bleeding peptic ulcers.
MeTHODS: In a prospective randomized trial, 172 patients with 
major stigmata of peptic ulcer bleeding were randomly assigned to 
receive APC + AI (n=89) or hemoclips + AI (n=83). In the event of 
rebleeding, the initial modality was used again. Patients in whom 
treatment or retreatment was unsuccessful underwent emergency sur-
gery. The primary end point of rebleeding rate and secondary end 
points of initial and definitive hemostasis need for surgery and mortal-
ity were compared between the two groups.
ReSULTS: The two groups were similar in all background variables. 
Definitive hemostasis was achieved in 85 of 89 (95.5%) of the APC 
+ AI and 82 of 83 (98.8%) of the hemoclips + AI group (P=0.206). 
The mean volume of adrenaline injected in the two groups was 
equal (20.7 mL; P=0.996). There was no significant difference in 
terms of initial hemostasis (96.6% versus 98.8%; P=0.337), rate of 
rebleeding (11.2% versus 4.8%; P=0.124), need for surgery (4.5% 
versus 1.2%; P=0.266) and mortality (2.2% versus 1.2%; P=0.526). 
When compared for the combined end point of mortality plus 
rebleeding and the need for surgery, there was an advantage for the 
hemoclip group (6% versus 15.7%, P=0.042).
CONCLUSiON: Hemoclips + AI has no superiority over APC + AI 
in treating patients with high-risk bleeding peptic ulcers. Hemoclips + 
AI may be superior when a combination of all negative outcomes is 
considered. 
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injection d’adrénaline plus coagulation au plasma 
argon versus injection d’adrénaline plus clips 
hémostatiques dans le traitement des ulcères 
gastroduodénaux hémorragiques à risque élevé : 
Étude prospective randomisée

HiSTORiQUe/OBJeCTiF : Plusieurs techniques endoscopiques 
combinées sont actuellement utilisées à des fins thérapeutiques. La 
présente étude visait à comparer la coagulation au plasma argon (CPA) + 
injection d’adrénaline (IA) aux clips hémostatiques + IA dans le 
traitement des ulcères gastroduodénaux hémorragiques à risque élevé. 
MÉTHODe : Une étude prospective randomisée a regroupé 172 patients 
porteurs de stigmates majeurs d’ulcères gastroduodénaux hémorragiques et 
les a assignés aléatoirement soit à la CPA + IA (n = 89) soit aux clips 
hémostatiques + IA (n = 83). Dans l’éventualité d’une reprise du 
saignement, la modalité initiale était appliquée de nouveau. Les patients 
chez qui le traitement ou le retraitement échouait subissaient une 
chirurgie d’urgence. On a comparé les deux groupes pour ce qui est du 
paramètre principal, taux de reprise des saignements, et des paramètres 
secondaires, hémostase initiale et définitive, nécessité de la chirurgie et 
mortalité.
RÉSULTATS : Les deux groupes étaient similaires pour tout ce qui 
concerne les variables de départ. L’hémostase définitive a été obtenue chez 
85 patients soumis à la CPA + IA sur 89 (95,5 %) et chez 82 des patients 
soumis aux clips hémostatiques + IA sur 83 (98,8 %) (p = 0,206). Le 
volume moyen d’adrénaline injecté a été égal dans les deux groupes 
(20,7 mL, p = 0,996). On n’a noté aucune différence significative sur le 
plan de l’hémostase initiale (96,6 % vs 98,8 %, p = 0,337), du taux de 
reprise des saignements (11,2 % vs 4,8 %, p = 0,124), de la nécessité de la 
chirurgie (4,5 % vs 1,2 %, p = 0,266) et de la mortalité (2,2 % vs 1,2 %, 
p = 0,526). Comparativement au paramètre mixte mortalité plus reprise 
du saignement et nécessité de la chirurgie, on a noté un avantage dans le 
groupe soumis aux clips hémostatiques (6 % vs 15,7 %, p = 0,042).
CONCLUSiON : Les clips hémostatiques + IA ne sont pas révélés 
supérieurs à la CPA + IA dans le traitement des patients souffrant 
d’ulcères gastroduodénaux hémorragiques à risque élevé. Cette modalité 
pourrait toutefois se révéler supérieure lorsque l’on tient compte de tous 
les paramètres négatifs à la fois.
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Kingdom guidelines (12) stated that no single modality has 
been shown to be superior for treating upper gastrointestinal 
bleeding caused by peptic ulcer disease and that hemoclips are 
particularly useful for actively bleeding large vessels, but they 
may be difficult to apply to awkwardly located ulcers. The 
Nonvariceal Upper GI Bleeding Consensus Conference 
Group, which consisted mostly of Canadian experts, proposed 
the most definitive recommendations: “no single method of 
endoscopic injection is superior to the others, no single 
method of endoscopic thermal coaptive therapy is superior to 
the others and the placement of clips is a promising endo-
scopic hemostasis therapy for high-risk stigmata” (13).

Argon plasma coagulation (APC) is a new method that 
offers controlled, noncontact electrocoagulation. APC has 
proven to be safe and effective for coagulation of tissue to 
achieve hemostasis (14). It can be learned easily, is repeatable 
and induces limited tissue destruction (6). On the other hand, 
the depth of injury is unpredictable and may produce only shal-
low coagulation, which is insufficient for hemostasis (14).

There are variable success rates reported in the literature 
regarding hemostasis using endoscopic clips or APC, and stud-
ies comparing clips or APC with other endoscopic treatment 
modalities have yielded conflicting results. Most studies using 
clips or APC have been limited by relatively small sample sizes, 
variations in study design, and entry and outcome criteria. The 
endoscopic techniques used were also dissimilar in that some 
combined clips or APC with injection whereas others used 
clips or APC alone in actively bleeding ulcers (15-17).

We conducted a randomized controlled trial to compare the 
efficacy and safety of endoscopic combination therapy using 
APC plus adrenaline injection (AI), with hemoclips plus AI. 

MeTHODS 
Patients
A prospective, randomized, comparative trial was conducted 
between March 2007 and June 2008, in medical centres affili-
ated with the Shiraz University of Medical Science, Shiraz, 
Iran. All patients with signs of upper gastrointestinal bleeding 
underwent endoscopy within 12 h of admission. Men and 
women older than 18 years of age were eligible for inclusion in 
the study if endoscopy showed a gastric or duodenal ulcer with 
an actively bleeding vessel (spurting or oozing), a nonbleeding 
visible vessel or an adherent clot. For those with a nonbleeding 
visible vessel, coffee-ground material or blood in the stomach 
and/or duodenum, hemodynamic instability or an initial hemo-
globin level of less than 100 g/L, endoscopy was required to 
show recent bleeding. Exclusion criteria included having a 
platelet count of less than 50×109/L, an international normal-
ized ratio of greater than 2, gastric malignancy, multiple bleed-
ing sites or previous gastrectomy.

The clinical characteristics (age, sex, blood pressure, com-
orbid diseases, use of nonsteroidal anti-inflammatory drugs, 
smoking status, history of peptic ulcer disease or upper gastro-
intestinal bleeding) of each patient were recorded.

Randomization was performed at the time of endoscopy by 
means of numbered, sealed envelopes containing treatment 
assignments randomly generated by computer. All endoscopic 
hemostatic procedures were performed by two experienced 
endoscopists who did not participate in the postprocedure care 
of the patients.

Procedure
Adrenaline (1:10,000 dilution) in 0.5 mL or 1 mL doses was 
injected through multiple punctures into and around the 
bleeding site, with at least 10 mL being injected. After AI, 
patients in the APC group underwent treatment with an argon 
plasma coagulator unit (APC 2, VIO 300 D, Erbe, Germany). 
The spray mode was used with two power/gas settings for gastric 
and duodenal ulcers (70 W and 40 W and 2 L/min to 1 L/min, 
respectively). Suction was applied to remove smoke and pre-
vent overinflation of the gastrointestinal tract. Endoscopic 
hemoclip therapy was performed with stainless steel hemoclips 
(HX-610-135, Olympus Medical Systems, Japan). Hemoclips 
were applied with a clip application device (HX-110LR, 
Olympus, Japan) passed through the 2.8 mm diameter acces-
sory channel of a standard endoscope. Hemoclips were individ-
ually loaded and deployed. For ulcers with clots, the base of the 
clot was manually irrigated with a 50 mL syringe (200 mL of 
water total). 

After hemostasis was achieved, the bleeding site was 
observed for at least 4 min. Initial hemostasis was defined as 
the absence of endoscopic evidence of bleeding during 4 min of 
observation after therapy. Following therapeutic endoscopy, 
patients were observed closely. While the patient was in the 
hospital, treatment included intravenous administration of 
pantoprazole (80 mg stat, 8 mg/h) for one day, started on arrival 
to hospital before endoscopic intervention. Subsequently, oral 
therapy with omeprazole 20 mg twice daily was started. 
Endoscopy was performed one day after initial hemostasis, with 
five biopsy specimens being obtained from the ulcer margin 
and base. The specimens were evaluated for the presence of 
malignancy and Helicobacter pylori infection. Individuals who 
were positive for H pylori infection, detected by histology, 
received appropriate eradication therapy. Evidence of recurrent 
bleeding included new hematemesis, aspiration of fresh blood 
from a nasogastric tube or continuous melena, with a pulse rate 
greater than 100 beats/min, a decrease in systolic blood pres-
sure exceeding 30 mmHg or a decrease in hemoglobin of at 
least 20 g/L. A second endoscopy was performed in patients 
who displayed any evidence of recurrent bleeding, with the 
same endoscopic hemostatic treatment being performed.

Definitive hemostasis was defined as the absence of recur-
rent bleeding during the 30-day period following initial or sec-
ondary endoscopic hemostasis. The rate of recurrent bleeding, 
as a primary outcome, was compared between the two groups. 
The rate of initial hemostasis, definitive hemostasis, need for 
emergency surgery and bleeding-related deaths were compared 
as secondary outcomes.

Following discharge, patients were requested to return to 
the outpatient clinic two and four weeks after initial hemosta-
sis. Individuals who did not revisit the outpatient clinic were 
followed by telephone.

Statistical analysis
With the assumption that the hemoclip + AI combination 
method would lower the expected risk of recurrent bleeding 
from 17% (18) after APC + AI to 3.8% (19), 81 patients would 
have been needed in each group for a power of 80% and a sig-
nificance level of 0.05. Continuous data are summarized as 
mean (95% CI). The Student’s t test was used to compare the 
mean values of continuous variables, and the c2 test was used 
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for the comparison of categorical variables. The analyses were 
performed with SPSS version 11.5 (SPSS Inc, USA) for 
Windows (Microsoft Corporation, USA). A P<0.05 was con-
sidered to be statistically significant. 

ethics and consent
Possible complications of endoscopic treatment were discussed 
with the patients and their relatives, and written informed 
consent was obtained before trial entry. The present study was 
approved by the Research Council Ethics Committee of the 
Shiraz University of Medical Science. The present study was 
conducted in accordance with the Declaration of Helsinki 
(Edinburgh revision, 2000).

ReSULTS 
A total of 914 patients with upper gastrointestinal bleeding 
underwent emergency endoscopy. Of these, 574 had ulcer disease, 

246 had esophageal or gastric variceal bleeding and 94 had 
nonulcer lesions. Peptic ulcers with an actively bleeding vessel 
(spurting or oozing), nonbleeding visible vessels or adherent clots 
were found in 196 patients. Twenty-four subjects were excluded 
because of previous gastrectomy, bleeding diathesis, gastric malig-
nancy or multiple bleeding sources at endoscopy (Figure 1).

Clinical data for the patients at study entry are presented in 
(Table 1). There were no significant differences between the 
two groups with respect to age, sex, shock state, comorbid dis-
eases, use of nonsteroidal anti-inflammatory drugs, H pylori 
status and history of previous upper gastrointestinal bleeding. 

In the evaluation of smoking, the difference between the 
groups was significant (P=0.01), with a greater proportion in the 
hemoclips + AI group. History of peptic ulcer disease was also 
significantly higher in the APC + AI group (P=0.05). Ulcer char-
acteristics (Table 2) were comparable between the study groups. 

TABLE 1
Baseline characteristics of the study groups

Characteristic
Adrenaline injection

PWith argon plasma coagulation With hemoclips
Age, years (mean ± SD) 48.63±15.97 51.34±14.01 0.24

Sex (males/females), n/n 73/16 60/23 0.128

Smoking 39 (36) 46 (55.4) 0.01

Nonsteroidal anti-inflammatory drug use 46 (51.7) 33 (39.8) 0.117

Hypovolemic shock 2 (2.2) 3 (3.6) 0.467

Comorbidity 83 (93.3) 75 (90.4) 0.487

Ulcer history 29 (32.6) 12 (14.5) 0.05

Previous ulcer bleeding 7 (7.9) 5 (6) 0.636

Admitted for ulcer bleeding 85 (95.5) 82 (98.8) 0.206

In-hospital bleeding 4 (4.5) 1 (1.2) 0.206

Duration of admission, days (mean ± SD) 5.34±1.56 5.52±1.19 0.396

Helicobacter pylori-positive 65 (73) 63 (75.9) 0.288

Data presented as n (%) unless specified otherwise

Figure 1) Flow diagram of the study, showing outcomes for all 
patients. AI Adrenaline injection; APC Argon plasma coagulation; 
GI Gastrointestinal

TABLE 2
Ulcer characteristics

Adrenaline injection
PWith APC With hemoclips

Duodenal ulcers 53 (59.6) 38 (45.8) 0.71
   Anterior 33 (62.3) 21 (55.3)
   Posterior 15 (28.3) 12 (31.6)
   Superior 1 (1.9) 0
   Inferior 3 (5.7) 5 (13.2)
   D2 1 (1.9) 0
Gastric ulcers 36 (40.4) 45 (54.2) 0.71
   Antrum/Incisura 7 (19.5) 0
   Lesser curvature 14 (38.9) 33 (73)
   Fundus and body 5 (13.9) 5 (11.1)
   Cardia 10 (27.8) 7 (15.6)
Ulcer type 0.762
   Spurting artery 9 (10.1) 7 (8.4)
   Oozing 2 (2.2) 3 (3.6)
   Visible vessel 69 (77.5) 61 (73.5)
   Adherent clot 9 (10.1) 12 (14.5)
Ulcer size
   <10 mm 36 (41.6) 44 (53)
   10 mm to 20 mm 40 (44.9) 32 (38.6)
   >20 mm 12 (13.5 ) 7 (8.4)

Data presented as n (%) unless specified otherwise. APC Argon plasma coagulation
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There was no statistically significant difference in terms of 
ulcer sites (stomach versus duodenum), ulcer size, bleeding 
stigmata or the specific location of ulcers within the stomach 
and duodenum. Clinical outcome data are summarized in 
(Table 3).

The mean volume of adrenaline used in the two groups was 
equal (20.7 mL; P=0.996). In the APC + AI group, the mean 
(± SD) number of APC pulses was 2.75±0.64, and the mean 
number of hemoclips in the hemoclips + AI group was 
2.43±0.72.

Initial hemostasis was successfully achieved in 96.6% of the 
APC + AI group and 98.8% of the hemoclip + AI group 
(P=0.337). In the APC + AI group, two of three patients with 
uncontrolled bleeding died and one had successful emergency 
surgery. In the hemoclip + AI group, the only patient with 
uncontrolled bleeding died before undergoing surgery due to 
severe hemodynamic instability, similar to the two deaths in 
the APC + AI group.

Bleeding recurred in 10 patients in the APC + AI group 
(11.0%) and in four of the hemoclip + AI group (4.8%) 
(P=0.124). All 14 of these patients underwent the same 
repeated endoscopic intervention. Only one patient in the 
APC + AI group needed surgery due to failed endoscopic inter-
vention. Need for surgery (2.2% in the APC + AI group versus 
0% in the hemoclip + AI group; P=0.266) and mortality (2.2% 
in the APC + AI group versus 1.2% in the hemoclip + AI 
group; P=0.526) was not statistically different. Also, there was 
not a significant difference between the two groups in achieving 
definite hemostasis (95.5% in the APC + AI group versus 98.8% 
in the hemoclip + AI group; P=0.206) and mean length of 

hospital stay (5.34 days for the APC + AI group versus 5.52 days 
for the hemoclip + AI group; P=0.396). 

When the two groups were compared for the combined end 
point of mortality plus rebleeding and the need for surgery, 
there was an advantage to hemoclips, with a slight margin of 
significance (6% versus 15.7% for hemoclips and APC groups, 
respectively, P=0.042)

No major procedure-related complication (eg, perforation 
or worsening of bleeding as a result of the hemostatic proced-
ure) was observed in either group.

DiSCUSSiON
Endoscopic injection therapy is still commonly used for the 
treatment of bleeding peptic ulcers, with dilute adrenaline 
being among the most frequently used solutions. Although this 
technique can successfully stop the majority of ulcer bleeds, 
recurrent bleeding still occurs in 10% to 30% of cases (2).

Bleeding recurrence has been identified as the most import-
ant prognostic factor of mortality (20). Therefore, if recurrence 
of bleeding can be prevented, the rate of mortality from ulcer 
bleeding can potentially be reduced (21). 

It is generally accepted that the combination of injection 
therapy with another method of hemostasis (eg, injection ther-
apy + heater probe, injection therapy + hemoclips) is superior 
to injection therapy alone for definitive control of bleeding, 
especially in high-risk ulcers (19,22).

The main question for the practicing clinician is, therefore, 
the most suitable ‘type’ of combination therapy for the treat-
ment of a high-risk, bleeding peptic ulcer.

Presently, both APC and clipping are commonly used 
worldwide for the treatment of high-risk bleeding peptic ulcers, 
both usually used in combination with injection therapy. There 
are, however, little data available to allow for the comparison 
of these two methods, and there are arguments in favour of 
each.

Animal studies have shown that only mechanical methods 
such as hemoclips may be effective in controlling bleeding for 
vessels larger than 2 mm in diameter (23). Tissue damage is 
minimized with this method (24).

In a meta-analysis performed by Sung et al (25), the pooled 
data from 15 studies indicated that endoscopic clipping, with or 
without injection, is more effective than endoscopic injection 
alone for the treatment of bleeding peptic ulcers, and at least as 
effective as thermal therapies for the induction of hemostasis 
and prevention of surgery and mortality. 

APC, on the other hand, is easier to target to the bleed-
ing sites than hemoclips (26-28). Despite promising efficacy 
for the treatment of angiodysplasia, gastric antral vascular 
ectasia and radiation proctitis, there are few published trials 
regarding the efficacy of APC for bleeding peptic ulcers. 
The available data indicate a similar efficacy as heater probe 
in terms of initial hemostasis as well as recurrent bleeding, 
and a potential superiority in the speed of initial hemostasis 
(18,29,30). 

The present head-to-head study compared APC and hemo-
clips in a randomized controlled trial. A high rate of initial 
hemostasis was achieved in both treatment groups. As expected, 
ulcers with visible vessels had the highest frequency of recur-
rent bleeding. A lower rate of recurrent bleeding was noted in 
gastric ulcers in the hemoclip + AI group than in the APC + 

TABLE 3
Clinical results

Adrenaline injection
PWith APC With hemoclips

Initial hemostasis, n (%) 86 (96.6) 82 (98.8) 0.337
Rebleeding, n (%) 10 (11.2) 4 (4.8) 0.124
Duodenal ulcer 1/53 2/38 0.569
   Anterior 0/33 1/21
   Posterior 1/15 1/12
   Superior 0 0
   Inferior 0 0
Gastric ulcer 9/36 2/45 0.01
   Antrum/incisura 0 0
   Lesser curvature 5/14 2/33
   Fundus and body 1/5 0/5
   Cardia 3/10 0/7
Ulcer type
   Spurting artery 2/9 0/7
   Oozing 0/2 0/3
   Visible vessel 7/69 4/61
   Adherent clot 1/9 0/12
Ulcer size
   <10 mm 4/36 1/44
   10 mm to 20 mm 5/40 3/32
   >20 mm 1/12 0/7
Definite hemostasis, n (%) 85 (95.5) 82 (98.8) 0.206
Need for surgery, n (%) 2 (2.2) 0 0.266
Mortality, n (%) 2 (2.2) 1 (1.2) 0.526

Data presented as n/n unless specified otherwise. APC Argon plasma  
coagulation
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AI group, although these differences were not statistically 
significant. 

There was also no difference with respect to the predeter-
mined end points of definitive hemostasis (95.5% versus 
98.8%; P=0.206), need for surgery (2.2% versus 0%; P=0.266) 
and mortality (2.2% versus 1.2%; P= 0.526), which indicate a 
similar efficacy for both methods based on the present data. 
Therefore, clinicians may choose the method based on avail-
ability, experience and the clinical situation. 

The statistically significant advantage of hemoclips over 
APC for the combined end point of rebleeding, need for sur-
gery and mortality is interesting, and may suggest a potential 
trend for the superiority of hemoclips, at least in some sub-
groups of bleeding peptic ulcers. This, however, can only be 
confirmed in studies with a larger number of patients. It is 
also notable that hemoclips were able to stop bleeding in all 
patients who rebled after the intial application; this may 
translate to lower mortality in a larger number of patients, 
considering that the majority of deaths in peptic ulcer bleed-
ing occur in those who rebleed. Hemoclips may also have a 
viable role as a rescue treatment for rebleeding following 
other methods of hemostasis.

Larger studies may also be able to elucidate possible differ-
ences between these two treatment methods for different sub-
groups of patients (eg, different vessel size, different locations), 
which could not be stratified in the current study due to the 
number of patients. 

The application of hemoclips to the posterior part of the 
duodenum and lesser curvature of the stomach is theoretically 
difficult. In the present study, difficulties were encountered in 
the application of hemoclips to the posterior wall of the duo-
denum in three of 12 (25%) patients and to the lesser curva-
ture of the stomach in seven of 33 (21%) patients; however, all 
of these patients achieved initial hemostasis. Although APC 
has a theoretical advantage in the above mentioned areas 
(because of the potential for tangential application), the 
present study demonstrated a lower rebleeding rate in the 
hemoclips + AI group in the lesser curvature compared with 
the APC + AI group; however, these differences were not sta-
tistically significant. These intriguing results may need further 
studies to be confirmed. 

It may be surprising that despite a limited depth of penetra-
tion, APC was shown to be effective for the treatment of bleed-
ing from large vessels in the present trial. Although the actual 
mechanism of efficacy cannot be determined without a micro-
scopic study of the application site, a combination of compres-
sion from inflammation in the burned surrounding tissues as 
well as possible thrombosis of the involved vessel due to vessel 
wall damage may be able to explain the efficacy of APC in this 
subgroup.

The risk of perforation after APC is a matter of debate 
(10,31-35) and is estimated to be approximately 0.31% (30). 
Although this potential risk may be regarded as a disadvantage 
for APC compared with hemoclips (which induce less demon-
strable tissue damage), no perforation was encountered in 
either of the groups to substantiate this disadvantage in the 
present study. 

No report of bloating or abdominal discomfort (which may 
be caused by the high gas flow with APC) was reported in 
either of the groups.

CONCLUSiON
There is no statistically significant superiority for either APC 
or hemoclips regarding the end points of mortality, need for 
surgery and rebleeding based on data from the present study. 
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