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See related article, Blitstein MK et al, on page
xxvi in this issue of CGH.

ackground & Aims: Severe bleeding from gastrointes-
inal ulcers is a life-threatening event that is difficult to

anage when endoscopic treatment fails. Transcatheter
mbolization has been proposed but factors that influence
he angiographic outcome are not well documented. We
imed to identify predictors of recurrent bleeding within 30
ays after transcatheter embolization for refractory hemor-
hage from gastroduodenal ulcers. Methods: This retro-
pective single-center study of 60 consecutive emergency
mbolization procedures included hemodynamically unsta-
le patients (41 men, 19 women; mean age, 69.4 � 15 y),
eferred from 1999 to 2008 for selective angiography after
ailed endoscopic treatment. Predictors of early rebleeding
ere tested with univariate analysis and a multivariate lo-
istic regression model. Results: The procedural success
ate was 95%, the primary clinical success rate was 71.9% (41
f 57), and secondary clinical success was achieved in 3
atients (77.2%) after repeat embolization. No major cath-
terization-related complications occurred. Periprocedural
ortality was 26.7% (16 of 60). Early bleeding recurrence
as associated with coagulation disorders (P � .007),

onger time to angiography (P � .0005), greater preproce-
ural blood transfusion volume (P � .0009), 2 or more
omorbidities (P � .005), and use of only coils (P � .003).
wo factors were independent predictors of embolization

ailure: coagulation disorders (odds ratio, 6.18; P � .027)
nd the use of coils as the only embolic agent (odds ratio,
.24; P � .022). The median follow-up time was 7 months
range, 1 day to 103 months). Conclusions: Angiographic
mbolization should be performed early in the course of
leeding, and not with coils alone, in critically ill patients.
t is important to correct coagulation disorders throughout
he embolization procedure.

cute bleeding is the most common complication of peptic
ulcer disease, and about half the cases of upper gastroin-

estinal bleeding are caused by gastric and duodenal ulcers.1,2

he mortality rate in patients with bleeding peptic ulcers re-
ains as high as 5% to 10% and has failed to decrease substan-
ially over the past 2 decades.3–5 Bleeding stops spontaneously
n 80% of cases and recurs or persists in 20%.1,5–7 Severe bleeding
espite conservative medical treatment or endoscopic interven-
ion occurs in 5% of patients,8 requiring surgery or transcath-
ter arterial embolization. A high surgical risk related to severe
omorbidities is common, and surgical mortality rates of up to
0% have been reported.9 Endovascular management was intro-
uced recently in many institutions as a less hazardous alternative
o surgery and is now the first-line treatment for massive gastrodu-
denal bleeding refractory to endoscopic treatment.10–12 However,

n most of the published case series, no tests were performed to
dentify factors predicting angiographic and embolization fail-
re, and the small numbers of patients limit the statistical
alidity of the results.

The aims of this study were to evaluate arterial embolo-
herapy for the treatment of severe, refractory, acute hemor-
hage from gastroduodenal ulcers, and to identify factors asso-
iated with embolization outcomes and with rebleeding within
0 days.

Materials and Methods
Patient Selection
We retrospectively reviewed the medical records of all

atients who underwent angiographic embolization for refrac-
ory bleeding from gastroduodenal ulcers from October 1999 to
anuary 2008 at our institution. Patients were identified using
he database maintained prospectively by our Interventional
adiology Department. Patients with hemobilia or bleeding

rom varices, malignancies, or traumatic lesions were excluded.
e identified 63 angiographic embolization procedures in 60

onsecutive patients with massive persistent or recurrent bleed-
ng (defined as a need for more than 4 U of blood/24 h) causing
emodynamic instability (defined as clinical hypovolemic shock
equiring volume replacement) despite initial conservative med-
cal therapy and endoscopic treatment with local epinephrine
njections or placement of metallic clips around the bleeding
ite. Reasons for interventional radiology referral before sur-
ical intervention were poor surgical risk, patient or family
efusal to consent to surgery, nondiagnostic previous upper

Abbreviations used in this paper: GDA, gastroduodenal artery; OR,
dds ratio.

© 2009 by the AGA Institute
1542-3565/09/$36.00
doi:10.1016/j.cgh.2009.02.003
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ndoscopy, or endoscopist’s decision before surgical consul-
ation. The mean time from hypovolemic shock onset to
eferral was 2.3 days (range, 12 hours to 8 days). This retro-
pective study was performed in compliance with the require-

ents of our institutional review board. Informed consent
as not required.

Embolization Technique
All angiographic procedures were performed by 1 of 3

xperienced interventional radiologists (R.L., J.-P.C., D.K.) with
tandard percutaneous transfemoral catheterization using a 5-F
r 6-F sheath. Selective opacification of the celiac trunk and
uperior mesenteric artery was performed routinely using a 5-F
immons-type catheter (Cook, Bjaeverskov, Denmark), fol-

owed by superselective arteriography (of the left gastric or
astroduodenal artery) using a 2.9-F co-axial microcatheter
Progreat; Terumo, Leuven, Belgium) if necessary. In 38 pa-
ients, extravasation of contrast medium or a false aneurysm-
ike lesion was seen at the bleeding site. Embolic therapy was
erformed as selectively as possible in 35 of these patients. In 3

igure 1. A 68-year-old man with massive hematemesis. (A and B)
xtravasation of contrast medium from a branch of the left gastroepipl
hroughout the splenic artery showed complete and selective occlusion

ischarged from the hospital 6 days later.
atients, the right (2 patients) or left (1 patient) gastric artery
as identified as the bleeding vessel but was too thin and

ortuous to allow catheterization: no embolization was per-
ormed. In the 22 patients with no identifiable bleeding site,
lind embolization was performed based on conclusive endo-
copic examinations with identification of the source of bleed-
ng, with the technique being at the discretion of the interven-
ional radiologist. The left gastroepiploic artery was embolized
hrough the splenic artery in 2 cases (Figure 1), and the left
astric artery selectively was occluded in 6 cases (Figure 2).
verall, embolization involved the gastroduodenal artery

GDA) and its branches or the pancreaticoduodenal arches in
9 patients, of whom 15 underwent selective embolization of
he bleeding branch and 34 underwent embolization of the
DA trunk on either side of the bleeding site (known as the

andwich technique) (Figure 3), as previously reported.11 In these
4 patients, the anterior and posterior superior pancreaticodu-
denal arteries routinely were embolized; in 3 of these 34
atients, the anterior and posterior inferior pancreaticoduode-
al arteries also selectively were embolized through the superior

tive angiography showed a bleeding ulcer in the gastric fundus, with
tery (arrows). (C and D) The control angiogram after coil embolization
e bleeding branch, with no active bleeding (D, arrows). The patient was
Selec
oic ar
of th
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esenteric artery because of persistent extravasation. Embo-
ization techniques according to arterial territories and an-
iographic findings are summarized in Figure 4. Emboliza-
ion usually was achieved at the discretion of the
ntervention radiologist using coils (0.035-inch steel coils in
he sandwich method or 0.018-inch soft platinum multiple-
urled microcoils in the superselective method; Cook), a
echanically disrupted gelatin powder sheet (Curaspon;
uraMedical, Amsterdam, The Netherlands), or cyanoacry-

ate surgical glue (Glubran; GEM SRL, Viareggio, Italy)
ixed with ultrafluid lipiodol (Therapex; E-Z-EM, Montreal,
anada) in a 1:3 ratio. In a few patients, 500- to 700-�
icrospheres (EmboGold; Biosphere Medical, Roissy Ch De
aulle, France) were used. In 28 patients, a single material
as used (coils, 15; glue, 8; gelatin, 3; or microspheres, 2). In
3 patients, both coils and gelatin sponge were used to
cclude the GDA: coils were released distally to prevent
etrograde filling through the right gastroepiploic artery,
elatin sponge was placed in the arterial trunk, and addi-
ional coils were released in the proximal GDA. Coils and
lue were used in 9 patients, gelatin sponge and micro-
pheres were used in 3 patients, glue and gelatin were used in
patient, and coils and microspheres were used in 1 patient.
n 2 patients, 3 embolic agents were used in combination. m
he embolic agents used are listed in Table 1. All agents were
eleased near the bleeding site until cessation of angio-
raphic extravasation and/or occlusion of the targeted vessel
s shown by fluoroscopic monitoring. The mean amount of
ontrast medium used was 190 mL (range, 120 –290 mL) per
atient and the mean total procedure time was 70 minutes

range, 50 –105 min).

Collected Data and Follow-Up Evaluation
Follow-up information was available for all 60 patients.

physical examination was performed during the hospital stay
nd 1 month after hospital discharge as part of routine patient
are. Data on subsequent events were collected during tele-
hone interviews of patients and their usual physicians. The
ollowing variables were collected from medical records: patient
emographics, comorbid conditions, prior coagulopathy (inter-
ational normalized ratio, partial thromboplastin time, and
latelet count), anti-inflammatory medication use, transfusion
equirements, endoscopic and angiographic findings, vessel(s)
mbolized, embolic material used, complications, procedural
nd clinical outcomes, and mortality. The mean hospital length
f stay was 18 days (range, 1–98 d) after embolization. The
edian follow-up period was 7 months (range, 1 day to 103

gure 2. Bleeding Dieulafoy lesion in a 76-year-old man. (A and B)
travasation of contrast medium from the left gastric artery at the
liac trunk (arrows) and selective angiography indicates continuing

eeding. (C) After arterial microcatheterization, bleeding was controlled
ter embolization of the left gastric artery using a Glubran/Lipiodol
-Z-EM) mixture (1:3) (arrows).
Fi
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Statistical Analysis
We investigated whether early rebleeding was associated

ith any of the following variables: age, sex, prior coagulopathy,
nti-inflammatory drugs, number of comorbidities, time to an-
iography from initial bleeding, number of endoscopies, prior
ransfusion requirements, duodenal bleeding, angiographic extrav-
sation, type of embolic agent, type of embolization, and death.
or the univariate analysis, continuous variables were expressed
s means (�SD) or medians (interquartile range) and compared
sing the Mann–Whitney U test, whereas categoric variables
ere expressed as the number (percentage) and compared be-

ween groups using the chi-square test or the Fisher exact test
s appropriate. A further analysis using the Mantel–Hanszel test
as performed to identify linking factors that were associated
ith early rebleeding in the coagulopathy group. Variables with
values less than .10 by univariate analysis were included in a

igure 3. Typical sandwich embolization in a 76-year-old woman with
leeding from a post–bulbar duodenal ulcer at endoscopy. (A) Angiog-
aphy before embolization: no evidence of active bleeding. (B) Result
fter coil embolization of the distal and proximal gastroduodenal artery,

ncluding the anterior and posterior superior pancreaticoduodenal ar-
eries and the right gastroepiploic artery to prevent retrograde flow. No
schemic complications were reported.
ultivariate logistic regression model to identify factors that e
ere associated independently with early rebleeding. Statistical
nalyses were performed using Triomphe software (Gex-Fabry,
ew York, NY)13 and STATA software (Stata Corporation, Col-

ege Station, TX). In all analyses, P values less than .05 were
onsidered significant.

Definitions
Procedural success was defined as the cessation of ex-

ravasation on the postembolization arteriography, primary
linical success as the absence of rebleeding within 1 month
fter a single embolization procedure, and secondary clinical
uccess as the absence of rebleeding after attempted repeat
mbolization. Rebleeding was defined as bleeding with a greater
han 2.0 g/dL decrease in the hemoglobin level and/or a lack of
ffectiveness of conservative medical treatment. Rebleeding
vents were classified as early events if they occurred within 30
ays of embolization and as late events otherwise. Complica-
ions were classified as major complications if they required
urgery and/or prolonged hospitalization (�2 wk) and as minor
omplications otherwise. Patients who met one of the following
riteria were classified in the coagulopathy group: international
ormalized ratio greater than 1.5, partial thromboplastin time

onger than 45 seconds, or platelet count less than 80,000/mm3.

Results
Patient Characteristics
We reviewed 63 consecutive embolization procedures in

0 patients. There were 41 men and 19 women with a mean age
f 69.4 years (range, 29 –95 y). Most of the patients had a high
urgical risk related to advanced age and comorbidities. Thus,
1.7% (37 of 60) of patients were older than 70 years, 38.3% (23
f 60) were older than 75 years, and 23.3% (14 of 60) were older
han 80 years. Of the 60 patients, 54 (90%) had at least one
erious comorbid condition and 25 (42%) had at least 2 comor-
id conditions (Table 2). Furthermore, 48.3% (29 of 60) of
atients had coagulation disorders as previously defined and
1.7% (13 of 60) were taking anti-inflammatory medications at
ospital admission. All 60 patients underwent emergency en-
oscopy (mean, 1.6; range, 1– 4), which identified gastric or
uodenal peptic ulcers with signs of active bleeding (type 1, 33
atients), recent bleeding (type 2, 22 patients), or no bleeding

type 3, 5 patients) according to the classification of Forrest et
l.14 The mean number of units of packed red blood cells used
efore embolization was 11 (range, 2– 40), and the mean hemo-
lobin level at admission was 6.5 g/dL (range, 3–10.7 g/dL).

Technical Outcome
Endoscopy showed a bleeding peptic ulcer in 55 of the

0 patients (91.7%). The ulcer was located in the stomach in 9
atients, the bulbar duodenum in 35 patients, and the post–
ulbar duodenum in 11 patients. In the 5 remaining patients
8.3%), the bleeding was from a Dieulafoy lesion in the fundus.
ndovascular treatment was feasible in 57 of the 60 patients,

or a 95% technical success rate (Table 3). In 3 patients, the
leeding vessel, which was the right (2 patients) or left (1
atient) gastric artery, was too slender and tortuous to allow
atheterization; these 3 patients were treated successfully by
urgery. In 17 patients, superselective embolization of the bleed-
ng vessel was performed. In the remaining 22 patients, no

xtravasation was identified by angiography but the artery sup-
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lying the endoscopically identified bleeding site was emboli-
ed: in 3 patients, the left gastric artery was occluded using
esorbable or nonresorbable particles, and in 19 patients the
DA was treated using the sandwich technique (15 patients) or

elective embolization (4 patients).The vessels embolized in the
ntire series are summarized in Figure 4.

Clinical Outcome
Cessation of bleeding was achieved in 41 of 57 patients

fter the first embolization procedure, for a primary clinical
uccess rate of 71.9% (Table 3). However, 16 patients required
urther treatment within the first 72 hours for recurrent bleed-
ng: 8 patients were managed endoscopically, 3 patients initially
reated by sandwich occlusion of the GDA underwent success-
ul embolization of the inferior pancreaticoduodenal artery for

secondary clinical success rate of 77.2%, and 5 patients un-
erwent surgery for duodenotomy. The second treatment ini-

igure 4. Summary of angiographic findings and arte-
ial occlusion methods according to the embolized ves-
el. PDA, pancreaticoduodenal arteries; LGA, left gas-
ric artery; LGEA, left gastroepiploic artery; RGA, right
astric artery.

able 1. Embolic Agents Used for Transcatheter
Embolization in 57 Patients With Bleeding
Gastroduodenal Ulcers

Embolic agents
Number (%)
of patients

mbolic agents used in combination 29 (50.9)
Coils � gelatin sponge 13 (22.8)
Coils � cyanoacrylate 9 (15.8)
Gelatin sponge � microspherical particles 3 (5.3)
Coils � microspherical particles 1 (1.75)
Gelatin sponge � cyanoacrylate 1 (1.75)
Coils � cyanoacrylate � gelatin sponge 1 (1.75)
Coils � cyanoacrylate � microspherical particles 1 (1.75)

mbolic agents used alone 28 (49.1)
Coils 15 (26.3)
Cyanoacrylate 8 (14)
Gelatin sponge 3 (5.3)

Microspherical particles 2 (3.5)

t

ially was successful in all 16 patients, but 3 patients died after
xperiencing early rebleeding. Of the 57 patients treated with
mbolization, 16 (28.1%) died within 1 month after the proce-
ure of the following causes: multiple organ failure (7 patients),
ypovolemic shock caused by massive rebleeding (3 patients),
ulmonary embolism (2 patients), septicemia (2 patients), ma-

ignancy (1 patient), and myocardial infarction (1 patient).
one of the deaths was caused by ischemic complications. No

ignificant rebleeding occurred after the first month. Eleven
dditional patients died during the follow-up evaluation of
auses unrelated to the procedure, including underlying malig-
ancy (5 patients), malnutrition (3 patients), septicemia (2
atients), and cardiorespiratory failure (1 patient).

Predictors of Early Rebleeding
Successfully treated patients were compared with the

ther patients (Tables 4 and 5). By univariate analysis, early

able 2. Comorbidities in 60 Patients With Bleeding
Gastroduodenal Ulcers

Comorbidities Number (%) of patients

alignancy 21 (35)
oronary heart disease 19 (31.7)
ulmonary embolism/respiratory failure 18 (30)
ypertension 15 (25)
evere diabetes mellitus 14 (23.3)
eart failure 12 (20)
hronic renal failure 11 (18.3)
ardiac arrhythmia 10 (16.7)
troke within the past 15 days 7 (11.7)
eripheral occlusive arterial disease 6 (10)
urgery within the past 15 days 4 (6.7)
irrhosis 3 (5)

OTE. Most patients were at high surgical risk because of comorbid
onditions. The total is greater than 60 (100%) because most pa-

ients had more than one comorbid condition.
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ebleeding was associated with coagulation disorders (P �
007), a longer time from shock onset to angiography (3.9 vs
.8 d; P � .0005), a larger number of red-blood-cell units
ransfused before angiography (15.9 vs 8.9 U; P � .0009),
aving 2 or more comorbid conditions (P � .005), and being
reated with coils as the only embolic agent (P � .003). Factors
ssociated independently with early rebleeding in the multivar-
ate analysis were the presence of a coagulation disorder (odds
atio [OR], 6.18; 95% confidence interval, 1.23–30.97; P � .027)
nd the use of coils as the only embolic agent (OR, 6.24; 95%
onfidence interval, 1.29 –30.05; P � .022). Comorbid condi-
ions (�2), which often were present in patients who had
oagulation disorders, were not identified as a predictor of
ebleeding in the multivariate analysis because of intercorrela-

able 3. Outcomes After Embolization

Number of patients Percentage

rocedural success 57/60 95
rimary clinical success 41/57 71.9
econdary clinical success 44/57 77.2
ebleeding
Early rebleeding (�30 d) 16/57 28.1
Late rebleeding (�30 d) 0/57 0

omplicationsa

Major complications 2/60 3.3
Minor complications 4/60 6.7
ortality rate
Time

Within 1 mo 16/60 26.7
After 1 mo 11/44 25

Cause
Recurrent bleeding 3/27 11.1
Underlying illness 24/27 88.9

Complications were classified as major if they required surgery
nd/or prolonged hospitalization (�2 wk) and as minor otherwise.

able 4. Univariate Analysis: Predictors of Clinical Outcome
Within 30 Days of Embolization

Variable
Clinical success

(n � 41)
Clinical failure

(n � 16)
P

value

ge, y 70.1 � 15.7 69.2 � 12.6 .545
ale sex 28 (68.3%) 11 (68.7%) .999
rior coagulopathya 16 (32%) 13 (81.2%) .007
nti-inflammatory drugsb 8 (19.5%) 5 (31.2%) .483
2 comorbidities 22 (53.6%) 15 (93.7%) .005
ays to angiography 1.8 � 1.5 3.9 � 1.7 .0005
umber of endoscopies 1.6 � 0.81 2 � 0.82 .334
rior packed red blood
cells

8.9 � 6.3 15.9 � 8.1 .0009

oils alone 6 (14.6%) 9 (56.2%) .003
uodenal bleeding 33 (80.5%) 15 (93.7%) .268
ngiographic
extravasation

28 (68.3%) 8 (50%) .232

elective embolization 19 (46.3%) 4 (25%) .229
umber of deaths 9 (21.9%) 6 (37.5%) .316

OTE. Data are means � SD or n (%). P � .05.
International normalized ratio �1.5 or partial thromboplastin time
45 seconds, or platelet count �80,000/mm3.
gNonsteroidal anti-inflammatory drugs or corticosteroids.
ion between these 2 factors. In addition, the presence of co-
gulopathy was associated with rebleeding within 30 days, spe-
ifically in patients with 2 or more comorbidities (P � .011), or
n whom the number of days to angiography was greater than

(P � .031). In other words, patients with more than 2 comor-
id conditions or in whom time to angiography was longer
han 2 days were at higher risk for early rebleeding if they had
oagulation disorders. Early rebleeding was not predicted by
ge, sex, anti-inflammatory drugs, number of endoscopies before
ngiography, duodenal source of bleeding, extravasation at an-
iography, selective embolization, or death.

Complications
No major complications related to embolization were

eported. There were 4 minor complications. In a patient with
roximal celiac trunk occlusion and retrograde filling of the
DA through the inferior pancreaticoduodenal artery, cathe-

erization beyond the bleeding site was not feasible, and retro-
rade occlusion of the inferior pancreaticoduodenal artery,
DA, and common hepatic artery was achieved using resorb-

ble particles (after verification of portal venous flow). The liver
nzyme activities increased in this patient and then returned to
ormal within a few days. Another patient had a transient

ncrease in serum amylase levels without symptoms. In the last
patients, a microcoil migrated into the common hepatic

rtery during embolization; this event had no detectable effects.
wo major angiography-related complications were recorded.

n 1 patient, a hematoma in the groin area and hemodynamic
nstability developed, requiring vascular surgery. In the other
atient, who was obese (160 kg), a false aneurysm of the femoral
rtery was identified a few days after the procedure but pro-
uced no symptoms; thrombosis was achieved by 20 minutes of
echanical compression under Doppler sonography guidance.
o ischemic gastrointestinal complications were identified by

linical examination.

Discussion
Although sonography has been used as a diagnostic

ool, with visualization of an intragastric clot being taken as
vidence of bleeding,15 endoscopy remains the first-line method
or diagnosing and treating actively bleeding peptic ulcers be-
ause its success rate is high. Recent advances in endoscopic
emostasis techniques ensure bleeding control in most pa-
ients. Endoscopic treatment is particularly valuable in patients
hose advanced age or comorbid conditions pose a high sur-

able 5. Multivariate Analysis: Factors Associated
Independently With Rebleeding Within 30 Days of
Embolization

Variable Odds ratio 95% CI P value

oagulopathya 6.18 1.23–30.97 .027
oils alone 6.24 1.29–30.05 .022
2 comorbidities 6.49 0.71–59.13 .097

OTE. Variables with P values less than .10 by univariate analysis
ere included in the multivariate model. P � .05.
I, confidence interval.
International normalized ratio �1.5 or partial thromboplastin time
45 seconds, or platelet count �80,000/mm3.
ical risk. When endoscopy fails, surgery is associated with
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ortality rates as high as 20% to 40%.9,16 Therefore, endovas-
ular embolization has generated interest as an alternative to
urgery in high-risk patients with bleeding despite endoscopic
reatment. The use of endovascular embolization is supported
y the high technical and primary clinical success rates in our
tudy (95% and 71.9%, respectively). However, factors influenc-
ng the clinical outcome, especially predictors of early rebleed-
ng, are poorly understood, and few studies have addressed this
ssue. Most of the studies reported to date included small
umbers of patients and failed to separate peptic ulcers from
ther causes of bleeding such as malignant tumors, vascular
alformations, trauma-induced lesions, and postinflammatory

esions.17 We confined our study to patients who had gastric or
uodenal peptic ulcers (55 patients) or Dieulafoy lesions (5
atients). Endoscopy was successful in identifying the bleeding
ite in all our patients. Endoscopic findings are valuable to the
nterventional radiologist for determining the artery that re-
uires occlusion because extravasation of contrast medium may
ot be visualized on the global arteriogram. De Wispelaere et
l18 showed extravasation by celiac arteriography in only 11
39%) of 28 patients with bleeding duodenal ulcers. We ob-
ained a higher rate of 38 (63.3%) among 60 patients, probably
ecause we injected both the celiac trunk and the GDA, fol-

owed by the superior mesenteric artery. However, our study
hows that embolization can be performed successfully even
hen angiography fails to visualize extravasation of contrast
edium. In our series, active bleeding was present in 38 (63.3%)

f the 60 patients and did not predict the outcome of embo-
otherapy. Several previous studies11,19 –21 found that empiric
mbolization based on endoscopic findings, in the absence of
ontrast extravasation, was helpful in achieving bleeding con-
rol, with no difference according to whether angiography iden-
ified the bleeding site. In our series, outcomes were not differ-
nt between patients who underwent blind embolization and
hose who underwent embolization after angiographic visual-
zation of the bleeding site.

In our study, 2 factors independently predicted embolization
ailure by multivariate analysis, namely, the presence of a coag-
lation disorder (OR, 6.18; P � .027) and the use of coils as the
nly embolic agents (OR, 6.24; P � .022). Coagulopathy has
een reported to increase the clinical failure rates of percuta-
eous embolization (OR, 2.9 –19.6).11,20 –22 The association be-
ween coagulopathy and rebleeding was confirmed with the
nding of a strong statistical significance in our series. These
ata emphasize the need for correcting coagulation disorders
efore, during, and after embolization for upper gastrointesti-
al hemorrhage. In addition, the presence of more than 2
omorbidities and time to angiography longer than 2 days were
ssociated with rebleeding in the univariate analysis, specifically
n patients with coagulation disorders. Thus, the ability to
chieve bleeding control in critically ill patients seems to de-
end chiefly on early intervention and on the severity of the
nderlying disease. Even if comorbid conditions was not iden-
ified as a predictor of rebleeding in the multivariate analysis
ecause of intercorrelation with coagulopathy, recurrence of
leeding was associated with comorbidities in the univariate
nalysis, and probably depends on the clinical setting and
hether or not the patient has the ability to clot. Although
1.9% of successfully treated patients died within 30 days of
mbolization versus 37.5% of unsuccessfully treated patients (P �

316), their deaths were related mainly to underlying disease, as (
pposed to ongoing bleeding. A possible explanation is that
atients were stabilized after a first embolization procedure
espite being considered a clinical failure, thereby allowing time
o reorient the treatment strategy and ultimately result in
uccess. Aina et al20 reported a periprocedural mortality rate of
4.6% (26 of 75), with most deaths being caused by underlying
iseases, namely, cirrhosis and malignancy. Severe hypovolemic
hock at admission, advanced age, and comorbidities probably
ontributed to the 26.7% one-month mortality rate in our
tudy, which simply reflected the high surgical risk in our
opulation. Only 3 deaths were caused by early rebleeding.

The influence of the type of embolic agent on clinical out-
omes is more controversial. In most of the previous series,22–26

he number of patients was too small to allow conclusions
bout choosing the embolic agent. However, Aina et al20 re-
orted that using coils only predicted embolization failure by
ultivariate analysis. Similarly, in our study, using coils as the

nly embolic agent (P � .003) independently predicted a poor
linical outcome. These data support combining coils with a
elatin sponge, cyanoacrylate, or microspherical particles for
he treatment of gastroduodenal hemorrhage, especially with
he sandwich technique, but there is no consensus in the liter-
ture on the choice of embolic agent.

Of the 16 rebleeding events in our study, 15 occurred after
mbolization of the GDA and its branches. The abundant
ollateral circulation in the duodenum probably explains this
nding. No cases of rebleeding occurred in the 6 patients in
hom surgical glue was used alone for selective embolization of

he left gastric artery (4 patients) or left gastroepiploic artery (2
atients). Two factors that may have contributed to this good
esult are the scanter collateral circulation in this territory and
he more selective and more distal character of arterial occlu-
ion obtained with glue. In previous studies, embolization pro-
uced a higher success rate in patients with gastric rather than
uodenal ulcers, presumably because the left gastric artery
upplies 85% of gastric bleeds.27,28 However, the use of n-butyl
yanoacrylate glue requires considerable experience, given the
isk of gastric infarction and glue reflux into other vessels. The
se of glue is very interesting, however, in hemodynamically
nstable patients, because it provides faster hemostasis than
ther embolic agents.25

Ripoll et al29 reported the only retrospective study compar-
ng outcomes of embolization (31 patients) or surgery (39
atients) after failed endoscopic treatment for bleeding peptic
lcers. No differences were found between the 2 groups for the

ncidence of rebleeding, need for additional surgery, or death,
lthough the embolotherapy group included significantly older
atients with more comorbidities, such as heart disease and
rior anticoagulation therapy. Unfortunately, the postproce-
ural morbidity rate was not compared between the 2 tech-
iques.

Few investigators have reported data on postsurgical mor-
idity, most notably complications related to the surgical
ethod and infectious complications. The postsurgical mor-

idity rate was 45% in a study by Cheynel et al.9 In our study, no
ases of bowel ischemia occurred. In addition, major complica-
ions developed in only 3.3% of patients and were unrelated to
ascular occlusion. The main complications were puncture-site
njuries, which perhaps could be decreased by using small
ntroducers and catheters (4-F), delayed introducer retrieval

within 24 hours) after normalization of the coagulation pa-
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ameters, or vascular closure devices. The low postoperative
orbidity rate is one of the main advantages of embolization

ver surgery. In the long term, duodenal stenosis was the most
roublesome complication (25%) in a study of 28 patients fol-
owed up for at least 5 years after embolization for bleeding
uodenal ulcers.23 No cases of clinically symptomatic duodenal
tenosis occurred during follow-up evaluation in our popula-
ion, even in the patients treated with surgical glue, probably
ecause the follow-up period was too short. However, a more
ggressive investigation strategy might have detected asymp-
omatic cases. The link between embolization and duodenal
tenosis is difficult to evaluate because duodenal stenosis can
ccur as a complication of peptic ulcer disease. None of our
atients experienced significant rebleeding requiring endoscopy
r invasive treatment during the median 7-month follow-up
eriod. Thus, embolization was effective not only in controlling
he acute bleeding episode, but also in preventing late recur-
ences.

A weakness of the present study was its retrospective nature,
ith a short clinical follow-up period. There is clearly a need for
rospective, randomized, controlled studies comparing surgical
nd endovascular management of massive gastrointestinal tract
leeding after endoscopic failure, and also comparing the dif-
erent embolic agents used when endovascular therapy is per-
ormed, although such studies would be difficult to perform in
he emergency setting.

In summary, our experience suggests that arterial emboliza-
ion in well-trained hands is effective in controlling bleeding
rom gastroduodenal ulcers, even when extravasation is not
isualized by angiography, and does not cause ischemia. In our
nstitution, this technique is now the salvage treatment of
hoice after failure of endoscopic treatment. In most cases,
mbolization obviates the need for surgery. Every effort should
e made to perform embolization early after bleeding onset and
o correct coagulation disorders. In addition, careful selection
f the embolic agents according to the bleeding vessel is essen-
ial for a successful outcome; specifically, coils probably should
ot be used as the only embolic agent, but in association with
elatin sponge, particles, or glue. Finally, treatment decisions
ust be made jointly by gastroenterologists, interventional

adiologists, and surgeons.
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