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Introduction

Gastrointestinal bleeding (GIB) is a common problem that
accounts for approximately 2% of hospital admissions.1

Although factors such as response to fluid resuscitation
and/or transfusion, hypotension, the presence of shock, and
coagulopathy are determinants of appropriate treatment
strategy,2 the majority of nonvariceal GIB resolves sponta-
neously.3 When bleeding persists, endoscopy is the main-

stay for diagnosis and treatment and results in primary
hemostasis in the majority of the cases. However, in a
subset of patients, endoscopic therapy fails to halt bleeding,
necessitating angiographic evaluation and transcatheter
arterial embolization or surgery for bleeding control.4 In
patients who are poor surgical candidates or in those with
an unclear source of bleeding, angiography cannot only
provide information about the location and cause of bleed-
ing but may allow therapeutic intervention to stop the
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Abstract Background and Aim Endovascular embolization is a well-established option in the
management of acute gastrointestinal bleeding (GIB) after failed therapeutic endoscopy;
however, questions remain concerning the outcomes and the various predictors of
clinical and technical success of this therapy. The authors aimed to assess the
effectiveness of endovascular embolization in patients with nonvariceal GIB.
Method Clinical records of 88 patients (mean age: 67.8 years) who underwent
endovascular embolization for GIB were reviewed. Patient demographics, history,
angiographic findings, treatment, and outcomes were recorded. The technical success
of embolization, and the 24-hour and 30-day rebleeding and mortality rates were
calculated. Multivariate analysis was performed to assess the factors associated with
24-hour and 30-day rebleeding.
Results Angiography demonstrated signs of bleeding in 63 (71.6%) patients and all
underwent selective embolization of the abnormal artery. Empiric embolization was
performed in 25 patients. Embolization was performed with coils (n ¼ 45), Gelfoam
(n ¼ 12), microparticles (n ¼ 14), glue (n ¼ 2), or a combination of these (n ¼ 15). The
technical success rate was 96.6%. The 24-hour and 30-day rebleeding occurred in 13
(14.7%) and 16 (18.2%) patients, respectively. The 24-hour and 30-day mortality rates
were 9.1 and 11.3%, respectively. Ischemic complications following embolization were
seen in three patients, of which two required surgery. Based on the multivariate
analysis, the need for continued transfusion after embolization and prior GIB were
independent variables associated with 24-hour and 30-day rebleeding, respectively.
Conclusions Endovascular embolization has a high technical and clinical success in
patients presenting with nonvariceal GIB.
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bleeding through embolization or regional vasopressor
infusion.5–7

Although endovascular embolization is a well-established
option in themanagement of acute upper and lower GIB after
failed therapeutic endoscopy,8–10 questions remain concern-
ing the outcomes and the various predictors of clinical and
technical success of this therapy. In this study, we aimed to
assess the clinical and technical effectiveness of endovascular
embolization in patients with nonvariceal GIB.

Subjects and Methods

Study Cohort
Institutional Review Board approval was obtained for this
retrospective single-center study that was undertaken in
compliance with the Health Insurance Portability and
Accountability Act. Because the study was retrospective
and limited to review of medical records, the requirement
for informed consent from subjects was waived. We identi-
fied patients who underwent angiography and embolization
for persistent GIB despite medical management (which
included intravenous fluids, transfusion of blood products,
and acid-suppressing medication) at our institution from the
database (Hi-IQ, Society of Interventional Radiology, Con-
exSys, Lincoln, RI)maintained by the interventional radiology
service. Patients with variceal bleeding were excluded.

Angiography and Embolization
Fellowship-trained interventional radiologists performed the
angiography and embolization through common femoral
arterial access. Selective celiac, superior mesenteric, and
inferior mesenteric arteriography and arterioportography
were performed with a 5F visceral catheter (Cobra, Sos,
Mikaelsson, and Simmons, Cook Medical Inc., Bloomington,
IL) and 12 to 35 mL of a nonionic contrast material injected at
a rate of 3 to 6mL/s. During the procedure, the 5F catheter or a
coaxially placed 3F microcatheter (Renegade, Boston Scien-
tific, Natick, MA; Progreat, Terumo, Japan) was advanced
selectively into suspected branch vessels for superselective
angiography. Embolization was performed through the 3F
microcatheter when active bleeding and/or pseudoaneurysm
were identified on angiography. The embolic material was
selected based on the type of vessel being embolized and the
preference of the radiologist. The size of embolic agent varied
from 500 to 900 µm. Empiric embolization of the branch
vessel supplying the site of upper GIB localized by endoscopy
was performed in those cases in which there was no active
extravasation/pseudoaneurysm demonstrated by angiogra-
phy. For example, for a lesion in the stomach, left gastric
artery was embolized, whereas for a duodenal lesion, gastro-
duodenal artery was embolized.

Data Collection
Clinical information including admission vital signs, comor-
bidities (diabetes mellitus, stroke, cardiovascular disease, and
renal disease), use of anticoagulants, alcohol use, prior GIB,
and transfusion requirements were derived from patients’
charts. Endoscopic and imaging reports were reviewed to

identify the etiology, anatomical location, and possible arte-
rial feeder of GIB. Procedural data pertaining to embolization
procedure were collected. This information included the site
of embolization, the presence or absence of active extravasa-
tion, pseudoaneurysm and mass, the materials used for
embolization, and postprocedure complications such as
bleeding, ischemia, hematoma, or thrombosis. The technical
and clinical success, and 24-hour and 30-day rebleeding and
mortality rates were calculated for upper and lower GIB and
were compared. All outcomes were examined until May 30,
2012. Multivariate analysis was performed to assess the
factors associated with 24-hour and 30-day rebleeding. Clini-
cal success was defined as cessation of GIB with no additional
need for other hemostatic interventions including endoscopic
intervention or surgery. Technical success of embolization
was defined as complete occlusion of the target vessel on
postembolization angiography.

Statistical Analysis
Statistical software (SPSS, version 17.0, SPSS Inc.)was used for
analysis. The Fisher exact test was used to evaluate categorical
data. Multivariate Cox proportional hazard analysis was
performed for age, site of bleeding (upper versus lower),
comorbidities, use of anticoagulant, history of prior GIB,
materials used for embolization, and red blood cell (RBC)
transfusion within 12 hours after the embolization to deter-
mine their relationship with rebleeding at 24 hours and 30
days after embolization.

Results

A total of 88 patients (61 men and 27 women) with a mean
age of 67.8 years (range: 22–94) were included in this study.
Sixty-two patients had upper GIB and 26 had lower GIB.
Computed tomography (CT) angiography was performed in
34 patients, and 47 (54.7%) patients underwent endoscopy
immediately prior to angiography. All endoscopies were
positive and demonstrated active bleeding site (65.4%
patients with upper GIB and 34.6% of patients with lower
GIB). Tc-99m labeled RBC scan was available in nine (10.2%)
patients and was positive for bleeding in seven. The most
common comorbidities were cardiovascular disease (n ¼ 49;
55.7%) and renal disease (n ¼ 17; 19.3%). Fourteen (15.9%)
patients were using anticoagulants at the time of bleeding,
while coagulopathy (defined as international normalized
ratio [INR] > 1.5 times control and/or partial thromboplastin
time > 44 seconds) prior to embolization was noted in 31
((35.2%) patients. The range of INR in our patients with
anticoagulation abnormality was 1.6 to 4.7 and the mean
INR value was 2.07. Thirty (34.1%) patients had a history of
prior alcohol use and 41 (46.6%) patients had a history of prior
GIB. The cause of GIB was determined in 77 patients
(►Table 1). The most common causes were malignancy
(19.3%), iatrogenic (16%), and duodenal ulcer (16%). The
iatrogenic cases included post-Whipple procedure in seven,
after liver biopsy in two, after abdominal aortic aneurysm
repair in two, after ovarian cancer surgery in one, after band
ligation for hemorrhoids in one, and bleeding from colectomy
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site in one. Among the 88 patients, 60were unstable requiring
intensive care unit admission.

Positive angiographic findings were present in 63 (71.6%)
patients, including active contrast material extravasation in 46,
pseudoaneurysm in 11, and both in 6; these patients underwent
selective arterial embolization. Stomach and duodenum were
the most common sites of bleeding followed by liver. The most
commonly identified source of arterial bleeding/pseudoaneur-
ysm was the gastroduodenal artery (n ¼ 17) followed by the
hepatic artery (n ¼ 15) and colic arteries (n ¼ 8) (►Table 2). In
25 (28.4%) patients with upper GIB, no contrast material extrav-
asation or pseudoaneurysm was identified and subsequently
empiric embolizationwas performed based on the bleeding site
identified on endoscopy or CT angiography findings. The overall
technical success rate of embolization was 96.6% (85 of 88

patients). The technical success rates of embolization for upper
GIB and lower GIB were 98.4 and 91.7%, respectively, and there
was no significant difference (p ¼ 0.294). The target vessel could
not be successfully embolized in one patient with hepatocellular
carcinoma and in two patients with duodenal ulcer. These three
patients underwent surgical hemostasis successfully. In most of
the cases (n ¼ 81, 92.04%), a single vessel was embolized;
however, in seven patients, multiple vessels were embolized
(►Table 3). The embolic materials that were used are listed
in►Table 2. Coils were used as the embolicmaterial inmajority
of cases, either alone (n ¼ 45; 51.1%) or in combination with
another material (n ¼ 13; 14.7%). In patients with lower GIB,
coils alone were used mainly (84%); however, in those with
upper GIB, particles such as Gelfoam and/or polyvinyl alcohol
(PVA) particles were themost frequently used embolicmaterials
(46%) (p < 0.001).

Clinical success was achieved in 81.8% (n ¼ 72) of patients.
The clinical success rate was 83.9 and 79.2% for upper and
lower GIB, respectively, and there was no significant differ-
ence (p ¼ 0.438). Twelve (13.6%) patients underwent surgical

Table 1 Patient characteristics

Characteristics No. of patients (%)

Sex

Male 61 (69.3%)

Female 27 (30.7%)

Age group

Mean 67.8

Range 23–94

Presenting symptom

Hematemesis 16 (18%)

Hematochezia 18 (20.5%)

Melena 8 (9.1%)

Hematemesis and melena 5 (5.7%)

Postprocedural bleeding
(through a drain or postbiopsy)

7 (8%)

CT findings after
trauma or surgery

5 (5.7%)

Hypotension and weakness 16 (18%)

Abdominal pain 13 (14.8%)

Hemoglobin concentration before angiography

< 8 21(23.86%)

8–10 51 (58%)

> 10 16 (18.2%)

Coagulopathy

INR > 1.5 31 (35.27%)

PTT > 44% 13 (14.7%)

Comorbiditiesa

0 27 (30.6%)

1 18 (20.5%)

> 1 43 (49%)

Abbreviations: CT, computed tomography; INR, international normal-
ized ratio; PTT, partial thromboplastin time.
aComorbidities included diabetes mellitus, stroke, cardiovascular dis-
ease, and renal disease.

Table 2 Causes and locations of bleeding

Factors No. of patients (%)

Causes of bleeding

Malignancy 17 (19.3%)

Iatrogenic 14 (16%)

Duodenal ulcer 14 (16%)

Trauma 9 (10.2%)

Diverticulum 9 (10.2%)

Gastric ulcer 6 (6.8%)

Arteriovenous malformation 2 (2.2%)

Pseudoaneurysm 2 (2.2%)

Dieulafoy’s lesion 1 (1.1%)

Site of bleeding

Stomach and duodenum 24

Liver 15

Colon 9

Spleen 3

Postsurgical bed after
Whipple procedure

4

Multiple sites 8

Bleeding artery

Gastroduodenal artery 17(19.310%)

Hepatic artery 15(17.45%)

Colic artery 8 (9.09%)

Multiple vessels 8 (9.09%)

Gastric artery 4 (4.54%)

Splenic artery 3 (3.40%)

Other 8 (9.09%)
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intervention to achieve hemostasis following embolization
and three of them died subsequently. In four cases, repeat
embolization was required to achieve hemostasis. Ischemic
complications following embolization were seen in three
(3.4%) patients of whom two required segmental surgical
bowel resection (right colon in one and jejunum in another
patient). In the patient with right colon ischemia, coils were
used for vasa recta branch embolization, whereas Gelfoam
was used for embolization of a jejunal arterial branch in the
patient with subsequent jejunum ischemia. Asymptomatic
left hepatic lobe ischemia was noted on subsequent imaging
in one patient following embolization of a pseudoaneurysm
of the proper hepatic artery; this patient responded appro-
priately to conservative management.

Rebleeding in the first 24 hours after embolization
occurred in 14.8% (13 out of 88 patients). Five underwent
surgical management, whereas three had successful repeat
angiographic intervention. Overall, four patients with
rebleeding in 24 hours died during the hospitalization.
Rebleeding rate increased to 18.2% (16 out of 88 patients)
at 30 days. Out of these 16 patients, 6 required surgery and 6
underwent successful repeat angiographic intervention. The
24-hour and 30-day mortality rates were 9.1 and 11.3%,

respectively. Rebleeding occurred most commonly in the
setting of duodenal ulcer (n ¼ 4), trauma (n ¼ 3), after
Whipple procedure (n ¼ 3), gastric ulcer (n ¼ 2), and diver-
ticulum (n ¼ 2). The mean duration of follow-up was 843.23
days and the overall mortality was 28.4% (25 out of 88
patients). The rates of 24-hour and 30-day rebleeding and
survival rates were not statistically different in patients with
upper GIB when compared with those with lower GIB.
However, the death rate was significantly higher in patients
with upper GIB (p ¼ 0.032). Although the most frequent
cause of death was multifactorial, five patients died as a
result of persistent profuse GIB.

None of the initial comorbidities or arteriographic param-
eters had a substantial influence on the clinical success at 24
hours after embolization. Multivariate analysis showed RBC
transfusion requirements within 12 hours after embolization
as the only significant factor associated with failed treatment
and/or recurrent GIB within 24 hours after the procedure.
However, prior GIB was an independent variable associated
with 30-day rebleeding (p ¼ 0.026). These results are sum-
marized in ►Table 4.

Discussion

This report represents clinical and technical effectiveness of
angiography and transcatheter intervention in patients with
nonvariceal GIB. In this retrospective study, multivariate
analyses identified RBC transfusion requirements within
the first 12 hours after embolization and prior GIB as signifi-
cant factors associated with failed treatment/recurrent GIB
within 24-hour and 30-day after the embolization, respec-
tively. Our findings complement those of a recent study
providing additional insights into the short-term outcomes
of angiographic therapy and subsequent embolization in
patients with GIB.11–13

Management options for patients with acute nonvariceal
upper GIB that does not respond to initial endoscopic treat-
ment include repeat endoscopy, emergency surgery, and
angiographic embolization. Several studies have compared
the effectiveness of surgery to embolization in treating
patients with GIB.14–16 In one study, embolization and sur-
gery have shown to result in similar outcomes in patients
with endoscopically unmanageable nonvariceal upper GIB.17

Defreyne et al showed that the choice of rescue has no
significance on the outcome; however, the unsuccessful
hemostasis and corticosteroid use negatively affected the
outcome.14 They suggested that refractory nonvariceal upper
GIB and the identification of a peptic ulcer at endoscopy were
the determinant factors in deciding for salvage surgery, and
arteriographywas reserved for pursuit of unclear overt upper
GIB. This rationale is likely inspired by the evidence that an
unguided emergency laparotomy is unpredictable and risky.
Also, results frommultiple studies favor embolization in high-
risk surgical patients.14 Ripoll et al compared transcatheter
arterial embolization and surgery for the treatment of bleed-
ing peptic ulcer after endoscopic treatment failure and found
no differences between these therapies in the incidence of
recurrent bleeding (29 vs. 23.1%), the need for additional

Table 3 Embolization material and sites

Factors No. of patients

Site of embolization

Hepatic artery 29

Right 11

Left 8

Common 8

Right and left 2

GDA 16

Colic artery 9

Multiple sites 7

Gastric artery 6

Pancreaticoduodenal artery 5

SMA 4

Other 12

Materials used

Coil 45

Gelfoam 12

Coil and Gelfoam 10

Coil and PVA particles 3

Embospheres 5

PVA particles 6

n-acetyl cyanoacrylate 2

Microcoils 2

Bead blocks 3

Abbreviations: GDA, gastroduodenal artery; PVA, polyvinyl alcohol; SMA,
superior mesenteric artery.
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surgery (16.1 vs. 30.8%), or death (25.8 vs. 20.5%).16 However,
it should be noted that the patients who underwent emboli-
zation were older and had greater incidences of heart disease
and previous anticoagulation treatment.16

Recently, Lee et al assessed the efficacy and clinical
outcomes of embolization for acute nonvariceal upper
GIB with 98% technical success; however, they reported
47% rebleeding rate in 30 days.18 In this study, we reported
a technical success rate of 96.6% for embolization and an
initial clinical success rate of 81.8%; these results reflect the
effectiveness and safety of angiographic intervention in the
management of nonvariceal GIB and is consistent with the
results of a previous study.19 Of note, our complication rate
was lower than that reported previously (3.5% vs. 6 and 9%)
11,19with a 30-day clinical success rate of 70.5%. We em-
bolized not only the artery that demonstrated signs of
bleeding on angiography but also those vessels supplying
an area of arterial bleeding documented on endoscopy
despite the lack of angiographic evidence of bleeding.20,21

This was referred to as empiric embolization and was
performed in 25 (28%) patients. This may be the reason
why our study demonstrated higher clinical success com-
pared with prior studies.

In our study, we have evaluated clinical, laboratory,
endoscopy, and angiography data. This information enabled
us to incorporate different prognostic factors into the multi-
variate analysis to evaluate their impact on rebleeding as well
as mortality. Lundgren et al provided evidence that the use of
anticoagulants or corticosteroids at admission, need for
vasopressors before embolization, and use of coils during
embolization are all associated with clinical failure of embo-
lization in the upper GIB population. They evaluated the
clinical success only immediately after the embolization11;
however, in our study we provided the 24-hour and 30-day
rebleeding rates and the associated factors that would be a

robust predictor of the long term outcome. Although several
studies have reported coagulopathy as a significant risk factor
for rebleeding,22,23 in the current series it had no significant
associationwith rebleeding risk. In our study, RBC transfusion
requirement after embolization was the only independent
predictor of rebleeding after 24 hours which is consistent
with prior studies.14,15 Defreyne et al reported that patients
experiencing early rebleeding had received significantly
higher amounts of packed cells, although there was no
significant difference in terms of hemoglobin concentration
when compared with those who had successful emboliza-
tion.23 There was no significant association between the
method of embolization and the embolic materials used in
regard to the failure rate. Also, there was no significant
difference between various initial bleeding sites and their
association with rebleeding. In our study, coils were used as
the sole embolic material in majority of cases (51.1%). The
clinical successwas comparable to that of using other embolic
materials with or without coils. This contrasts with prior
studies showing that the use of coil as the only embolic
material can be associated with an increased risk of clinical
failure.11 It is possible that the current generation of coils
used in this study has higher thrombogenicity comparedwith
those used in prior studies. Additionally, technical advances
in coil design might have allowed better packing of the coils
during embolization procedure, leading to high technical and
clinical success with coil embolization. We had 24 hours
rebleeding rate of 14.8%. Considering the fact that the patients
who usually undergo embolization for GIB are usually high-
risk patients with several comorbidities that already have
failed standard medical management, rebleeding rate of
below 15% in this subgroup of patient can still be considered
clinically acceptable. However, improvement of the techni-
ques is required to optimize the outcomes. Larger studies
with subgroups of patients with different comorbidities is

Table 4 Univariate and multivariate analysis for predictive variables for risk of rebleeding 24 hours and 30 days after AE

Variable Rebleeding after 24 h Rebleeding after 30 d

Univariate
analysis

Multivariate
analysis

Univariate analysis Multivariate
analysis

HR p-Value HR p-Value HR p-Value HR p-Value

Age > 65 y 1.077 0.894 1.00 1.00 1.256 0.648 1.068 0.921

Gender 0.411 0.247 0.208 0.101 1.356 0.556 3.992 0.370

Comorbiditiesa 0.993 0.990 0.442 0.353 0.722 0.546 0.569 0.391

Use of anticoagulant 0.445 0.431 2.310 0.258 1.324 0.710 1.675 0.535

Upper versus lower 0.874 0.974 2.237 0.588 0.378 0.301 0.229 0.089

Coils versus other agent 0.149 0.150 0.382 0.550 0.104 0.164 1.405 0.561

Technical success 2.361 0.480 3.849 0.409 2.581 0.802 1.690 0.985

Prior GIB 6.526 0.072 7.740 0.065 5.629 0.003 4.149 0.026

Transfusion before AE 0.904 0.867 1.930 0.396 1.221 0.699 1.826 0.295

Transfusion after AE 4.831 0.009 7.518 0.014 1.670 0.311 1.782 0.289

Abbreviation: AE, arterial embolization; GIB, gastrointestinal bleeding; HR, hazard ratio.
aComorbidities included diabetes mellitus, stroke, cardiovascular disease, and renal disease.
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required to suggest which group of patients will benefit more
from embolization for GIB.

Studies have shown that rebleeding after 3 days is more
likely to be related to clinical factors than to the embolization
technique. Malignancy, vasculitis, vigorous hypovolemic
shock therapy, and high quantities of packed cell transfusions
before embolization (mean 9.5 units per 48 hours) had a
significantly higher risk for 30-day rebleeding.24 However, in
our cohort of patients, prior GIB was the only independent
variable associated with 30-day rebleeding. This may be
explained by the fact that only 16 patients in our study
required transfusion of more than 10 units of blood and we
had no cases of vasculitis.

Upper gastrointestinal tract has been reported as a high-
risk region for early failure.24 In our patients, the rebleeding

risk was similar in both upper and lower GIB, although the
death rate was significantly higher for those with upper GIB.
Hur et al assessed the safety and the efficacy of transcatheter
arterial embolization for lower GIB and reported a technical
success rate of 96.4%, clinical success rate of 75.0%, recurrent
bleeding rate of 17.4%, and major complication rate of
4.6%.25 In our study, we had comparable results: the techni-
cal success was 98.4 and 91.7% and the clinical success rate
was 83.9 and 79.2% for upper and lower GIB, respectively.

Although endoscopy is considered to be the first-line
diagnostic modality in the setting of acute GIB, endoscopy
often fails to depict the exact focus of bleeding when exces-
sive blood or clots impair visualization. Recently, the use of CT
angiography as a first-line modality in the detection and
localization of GIB has increased.26 Ren et al recently

Fig. 1 A 55-year-old woman with upper gastrointestinal bleeding secondary to duodenal ulcer. (A) Celiac arteriogram shows a pseudoaneurysm
(arrowhead) of the gastroduodenal artery with associated active extravasation (arrow) in to the duodenum. (B) Selective gastroduodenal
arteriogram again identifies the pseudoaneurysm (arrow). The aneurysm was treated with n-acetyl cyanoacrylate. (C,D) Postembolization
angiogram demonstrates no more perfusion of the aneurysm. The cast (arrow) of n-acetyl cyanoacrylate can be seen.
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evaluated the value of CT angiography for diagnosis and
therapeutic planning in lower GIB and demonstrated that
CT angiography detected active extravasation of contrast
material in 57 patients with an accuracy of 90.5% in the
detection of acute lower GIB.27 Another study evaluated the
role of negative CT angiography in patient management,
20.6% of patients presenting with upper GIB had positive
CT scan while 32.2% were positive in patients with lower GIB
and concluded that patientswith upper GIBwho had negative
CT angiography usually require further intervention to stop
the bleeding.28

Our study has several limitations. It is retrospective, is
limited to a single-center, and focuses on short-term out-
comes. A larger, multicenter prospective study with longer
follow-up is required. For mortality measures, we assessed
all-cause mortality for our patients. GIB-related mortality
would have been a better primary end point but this was hard
to specify in some patients with several comorbidities. Ac-
cordingly, we chose to report and correlate all-cause mortali-
ty in our study. We also included patients with different
underlying causes for GIB in the multivariate analysis to
identify predictive factors for outcomes. One might argue
that the nature of the underlying cause for the vessel injury
leading to the GIB may play an important role in the out-
comes; for example, diffuse tumoral vessel bleeding has a
different clinical course than does a bleeding ulcer. The
relatively small number of patients in our cohort limited
our ability to stratify risks based on the nature of the
hemorrhage. Additionally, as the results of CT angiography
were available in a small number of patients in our cohort, the
findings were not included in the analysis.

Conclusion

Endovascular embolization has an acceptable clinical success
and a high technical success with minimal complications for
treating patients presenting with nonvariceal GIB. Emboliza-
tion is equally effective in the management of upper and
lower GIB. In patients with early rebleeding, repeat interven-
tion may increase the overall clinical success.
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