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Abstract Acute nonvariceal upper gastrointestinal (UGI)

hemorrhage is a frequent complication associated with sig-

nificant morbidity and mortality. The most common cause of

UGI bleeding is peptic ulcer disease, but the differential

diagnosis is diverse and includes tumors; ischemia; gastritis;

arteriovenous malformations, such as Dieulafoy lesions;

Mallory-Weiss tears; trauma; and iatrogenic causes.

Aggressive treatment with early endoscopic hemostasis is

essential for a favorable outcome. However, severe bleeding

despite conservative medical treatment or endoscopic

intervention occurs in 5–10% of patients, requiring surgery

or transcatheter arterial embolization. Surgical intervention

is usually an expeditious and gratifying endeavor, but it can

be associated with high operative mortality rates. Endovas-

cular management using superselective catheterization of

the culprit vessel, « sandwich» occlusion, or blind emboli-

zation has emerged as an alternative to emergent operative

intervention for high-risk patients and is now considered the

first-line therapy for massive UGI bleeding refractory to

endoscopic treatment. Indeed, many published studies have

confirmed the feasibility of this approach and its high tech-

nical and clinical success rates, which range from 69 to 100%

and from 63 to 97%, respectively, even if the choice of the

best embolic agent among coils, cyanaocrylate glue, gelatin

sponge, or calibrated particles remains a matter of debate.

However, factors influencing clinical outcome, especially

predictors of early rebleeding, are poorly understood, and

few studies have addressed this issue. This review of the

literature will attempt to define the role of embolotherapy for

acute nonvariceal UGI hemorrhage that fails to respond to

endoscopic hemostasis and to summarize data on factors

predicting angiographic and embolization failure.
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Introduction

Upper gastrointestinal (UGI) bleeding is defined as

bleeding originating at the level of the distal esophagus,

the stomach, and the duodenum (proximal to the ligament

of Treitz). The most common cause of nonvariceal UGI

bleeding is peptic ulcer disease, but the differential

diagnosis is diverse and includes benign and malignant

tumors; ischemia; gastritis; arteriovenous malformations,

such as Dieulafoy lesions; Mallory-Weiss tears; trauma;

and iatrogenic causes [1, 2]. Effective treatment requires

an accurate diagnosis (location and etiology), and unlike

lower gastrointestinal bleeds, most patients have under-

gone endoscopic examination and treatment before their

referral to interventional radiology. Of the small group of

patients whose bleeding fails to respond to endoscopic

therapy, some are treated surgically [3], but increasingly

the majority are referred for embolotherapy [4]. Surgery

is typically reserved for those patients whose bleeding

failed to respond all previous treatments. In such cases,

conservative surgical techniques to focus the bleeding

source, including vagotomy and pylorotomy in the case of

peptic ulcer bleeding, are usually preferred to conven-

tional definitive surgery, which has rebleeding rates
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ranging from 3 to 29% [3]. Transcatheter arterial embo-

lization (TAE) has been performed for at least three

decades and has been shown to be effective at controlling

hemorrhage and decreasing mortality [5–10]. However,

few published series analyzed factors predicting angio-

graphic and embolization failure. The purpose of this

review is to summarize data on outcomes and factors that

may influence the outcome of patients who have under-

gone embolization procedures for acute nonvariceal UGI

hemorrhage.

Methods for Literature Review

We conducted a review of the English literature and

identified case series on embolization for acute nonvariceal

UGI bleeding from 1992 to 2009 using PubMed queries.

Further bibliography was added by manual searches of

reference lists. Studies were selected for review when they

had well-defined indications for intervention and offered a

detailed description of outcomes, including technical and

clinical success rates, rebleeding and reintervention rates,

need for surgery to control bleeding, and morbidity and

mortality rates. For the assessment of clinical and technical

factors affecting success, only studies with statistical

analysis of predictors of outcome were included. To avoid

selection bias associated with small series, studies

with \20 patients and case reports were excluded. Results

were tabulated and presented as absolute numbers and

percentage. Averages for the outcomes of interest were also

calculated. Information on indications, technique, compli-

cations, predictors of rebleeding, and a variety of other

topics of interest are presented as a narrative to provide a

more thorough understanding of the current status and

controversial issues related to the endovascular treatment

of UGI bleeding.

Indictions for Angiography

TAE as an alternative to surgery for the control of UGI

hemorrhage was introduced by Rosch et al. in 1972 [5].

Since then, arterial catheterization has become a useful

diagnostic and therapeutic tool in selected populations [11].

The typical candidate patient presents with the following:

(1) massive bleeding (transfusion requirement of at least 4

U blood/24 h) or hemodynamic instability (hypotension

with systolic pressure \100 mm Hg and heart rate of

100 min-1 or clinical shock secondary to blood loss), (2)

bleeding that has failed to respond to conservative medical

therapy, including volume replacement, antacids,

H2-receptor blocking agents, or proton pump inhibitors,

and (3) bleeding that has failed to respond to at least one,

and sometimes two, attempts at endoscopic control [12]. At

that point, low-risk patients are offered the option of sur-

gical intervention, whereas high-risk individuals are

directed toward percutaneous embolotherapy. Finally, en-

dovascular treatment can be used after open intervention

has failed and bleeding recurs [9].

Techniques of Angiography and Embolization

Angiography

Diagnostic angiography for UGI bleeding is straightfor-

ward and is centered on the anatomy of the celiac artery.

Specifically, the celiac artery gives rise to the left gastric

artery, which provides branches to the distal esophagus and

fundus of the stomach. These branches also communicate

with distal branches of the small, short gastric arteries from

the splenic artery and branches of the right gastric artery.

The latter is usually a small artery that originates from the

left or common hepatic artery, but it is often not visualized

angiographically. The remainder of the stomach and duo-

denum are supplied by branches from the gastroduodenal

artery (GDA). The superior mesenteric artery (SMA) may

supply portions of the duodenum, mostly by way of pan-

creaticoduodenal anastomoses, which for the most part are

important angiographically as a rich collateral supply

keeping the stomach and duodenum viable after celiac

branch embolization, but it also may be responsible for

rehemorrhage after embolotherapy. Anatomic variations in

the celiac anatomy, most notably in the origins of the

hepatic arteries, occur in at least 50% of the population.

Such variations must always be considered when evaluat-

ing a patient angiographically for UGI bleeding [13].

In the setting of UGI bleeding, the source for hemor-

rhage is usually identified by endoscopy. Therefore, angi-

ography is most often performed only as a precursor to

transcatheter embolotherapy based on the known vascular

supply to the area of abnormality. A positive examination

is classically described as extravasation of contrast into the

bowel lumen or false aneurysm-like lesion. However, an

abnormal blush of the mucosal surface of the UGI tract is

indicative of an inflammatory process (gastritis or duode-

nitis), which, if correlated with endoscopic findings, may

also be considered a positive angiographic examination.

Angiography in the setting of UGI bleeding is positive for

extravasation or abnormal mucosal blush in B61% of cases

[13]. There is much discussion about the necessity of

diagnostic studies before angiography. Computed tomog-

raphy angiography (CTA) has been used accurately (with a

sensitivity up to 86%) in the diagnosis of acute gastroin-

testinal bleeding and can show the precise location and

R. Loffroy et al.: Embolization for Arterial Gastrointestinal Bleeding 1089

123



etiology of bleeding, thereby directing further management

[14]. However, the use of this technique necessitates

hemodynamic stability.

By the time a patient with an UGI bleeding reaches the

interventional suite, he or she should be fluid resuscitated,

hemodynamically stable, and have any coagulopathy

corrected. Blood products, such as fresh frozen plasma,

platelets, or packed red blood cells (RBCs), may also be

given intraprocedurally. It is desirable to correct any

coagulopathy before embolization because achieving

hemostasis depends on technically successful emboliza-

tion as well as the patient’s ability to clot properly.

However, in the case of acute bleeding, arteriography

with embolization should be promptly performed and

soon followed by coagulopathy correction. A transfemoral

approach was used by most investigators in the series we

reviewed and involves placement of a 5F sheath in the

common femoral artery. A variety of introducers and

selective catheters with a smaller caliber can be used to

cannulate the celiac artery and obtain access to the

common hepatic artery. For selective catheterization by

way of the femoral route, the most widely used catheter

configurations are the cobra, hook, and short- and long-

curve sidewinder with a 4F diameter. Once access is

secured, arteriogram is performed to delineate the anat-

omy and identify contrast extravasation. Selective cathe-

terization for UGI bleeding includes the celiac and

superior mesenteric arteries. The initial artery catheterized

is the one most suspected of bleeding based on previous

imaging or endoscopy, which is, of course, the celiac

artery for UGI bleeding. If no extravasation is seen, then

superselective angiography is advised, depending on

endoscopic findings that offer information on the likely

location of the bleeding source: superselective catheteri-

zation of the GDA (Fig. 1), the left gastric artery (Fig. 2),

or the splenic artery (Figs. 3 and 4) may be performed. A

microcatheter is always necessary for a distal and super-

selective approach to the bleeding as well as to avoid the

spasm caused by catheters with a 4F or 5F caliber. Longer

injection durations or use of carbon dioxide for contrast

medium can also improve sensitivity for small bleeds.

CTA is also a good and reliable method to highlight the

presence of a bleed in progress and should be performed

before any invasive procedure in the absence of hemo-

dynamic instability. Arteriography after superselective

cannulation may show extravasation that could have been

missed during contrast injection in the main hepatic

artery. When a dual supply of the bleeding area is sus-

pected, both arterial sources must be embolized to assure

that all of the inflow ceases. This is the typical case of

bleeding secondary to an ulcer that erodes into the

GDA. Embolization in this case must start distally to

prevent persistent ‘‘backdoor’’ hemorrhage from the right

Fig. 1 Typical sandwich embolization in a 73-year-old man with

bleeding from a postbulbar duodenal ulcer at endoscopy. A and B
Selective angiography of the celiac trunk and superselective

arteriogram of the GDA before embolization show no evidence

of active bleeding. C Result after blind coil embolization of the

distal and proximal GDA (with gelatin sponge placed in the

arterial trunk), including the anterior and posterior superior

pancreaticoduodenal arteries and the right gastroepiploic artery,

to prevent retrograde flow (arrows). No ischemic complications

were reported
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Fig. 2 Bleeding dieulafoy lesion in an 87-year-old man. A and B
Extravasation of contrast medium from the left gastric artery at the

celiac trunk and superselective angiography indicates continuing

bleeding (arrows). C After arterial microcatheterization, bleeding was

controlled after embolization of the left gastric artery using a Glubran/

Lipidol mixture (1:3) (arrows)

Fig. 3 Digital subtraction images of a 37-year-old man with massive

hematemesis. A and B Selective angiography shows a bleeding ulcer

in the fundus of the stomach. Extravasation of contrast medium from

a branch of the left gastroepiploic artery is seen (arrows). C Control

angiogram after glue (Glubran) embolization throughout the splenic

artery using a 3F microcatheter shows complete and superselective

occlusion of the bleeding branch, with no active bleeding. The patient

was discharged from the hospital 4 days later
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gastroepiploic and superior pancreaticoduodenal arteries

and then proceed to the proximal side of the erosion.

Embolization

In cases of active hemorrhage with extravasation of

contrast, the bleeding vessel is identified by superselec-

tive catheterization with a microcatheter and embolized

with microcoils or glue if arterial flow is not blocked by

the microcatheter. If no evidence of bleeding is found on

pre-embolization arteriography, then blind embolization,

defined as embolization without angiographic proof of

extravasation, is advised and is typically guided by

endoscopic information regarding the location of the

bleeding vessel (Fig. 1). Coils and gelatine sponge are

then used in such a situation. Another useful maneuver

in this scenario requires clips to be placed around the

area of bleeding during pre-embolization endoscopy. The

clips remain in position for several hours and allow for

an educated guess of the location of the culprit vascular

branch [15]. If no extravasation is seen despite the

injection of contrast, then the branches terminating to the

clip are superselected using microcatheter techniques and

embolized. Arteriography at multiple projections is nec-

essary at this step to ensure the relation between the clip

and the adjacent branches. Infusion of a fibrinolytic

agent, such as t-PA, intra-arterial anticoagulants, or

vasodilators, to temporarily increase the rate of hemor-

rhage during angiography has been tried by some with

success, thereby facilitating angiographic identification

and localization of the bleeding lesion [16, 17]. Finally,

‘‘sandwich’’ occlusion can be used at the level of the

GDA: the catheter is pushed to the origin of the right

gastroepiploic artery, and coils are introduced as the

catheter is withdrawn to the proximal GDA. Complete

embolization of the GDA, which inlcudes proximal and

distal embolization and exclusion of its two side bran-

ches, is the end point in this case. A selective superior

mesenteric arteriogram is made after embolization to

ensure that no collateral supply to the bleeding site is

present. If extravasation is identified, superselective

catheterization of the inferior pancreaticoduodenal artery

and the side branch responsible for the collateral circu-

lation is performed with the microcatheter. Embolization

with microcoils of the bleeding site is performed as

distal as possible.

Fig. 4 A 68-year-old man with acute hematemesis. A and B
Selective and superselective arteriograms showing contrast medium

extravasated from a slender branch of the left gastroepiploic artery

(arrows). C and D After microcatheterization, superselective coil

embolization ensured control of the bleeding (arrows); there were no

early or late recurrences

b
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Synopsis of Outcomes in Case Series

Procedural and Clinical Outcomes

We identified 15 studies (819 patients, mean age 65 years)

on endovascular management of intractable nonvariceal

UGI bleeding (Tables 1 and 2). Among them, only seven

studies identified factors affecting the success of embolo-

therapy using statistical analysis (Table 3). Endoscopy had

been performed and failed in 99% of patients: significant

amount of blood in the stomach, large ulcer size, location

of lesion at posterior bulbar duodenum, multiple lesions,

and lesser curve were identified as causes for endoscopic

failure. The majority of patients treated endovascularly in

the series under review had significant comorbidities and

was deemed high risk for operative intervention. Endo-

vascular embolization was successful technically in 762

(93%) patients (Table 1). The causes for endovascular

technique failure were as follows: difficult vascular anat-

omy, arterial dissection, vasospasm, false-negatively read

angiogram, multiple bleedings, and tumorous bleeding. A

variety of embolic materials, including coils, polyvinyl

alcohol (PVA) particles, blood clot, Gelfoam, and cyano-

acrylate glue were used. The sandwich technique, with

placement of embolic material at both sides of the bleeding

vessel, was used in most series to minimize the chance of

recurrent bleeding caused by rich collaterals. Active

extravasation was present at the time of embolization in

only 442 (54%) patients. Three factors may contribute to

explain this finding. First, superselective catheterization of

all potential involved branches was not always performed

by all investigators. Second, provocative pharmacoarteri-

ography was almost never carried out. Third, the likelihood

of identifying the bleeding source is higher when the

arteriogram is performed promptly after bleeding, e.g., in

hemodynamically unstable patients, and when CTA per-

formed before angiography shows extravasation. Unfortu-

nately, neither the mean time from hypovolemic shock

onset to angiography, nor whether CT was performed

before referral for angiography, is specified in most of

studies. Consequently, 46% of patients underwent blind

embolization guided by the findings on endoscopy or

placement of clips around the area of the bleeding vessel.

In most cases, gelatin sponge or coils were then used for

embolization. From the subgroup that underwent techni-

cally successful embolization, 549 (67%) patients respon-

ded well clinically and had cessation of bleeding (Table 2).

Thirty-three percent of patients continued to bleed, but

almost half of them responded to repeat embolization. The

possible causes of failure were not clearly identified in

most series, but some investigators reported predictors of

rebleeding as the presence of multiple or large duodenal

ulcers, gastritis, coagulopathy, or multiorgan failure.

Finally, 20% (164) of patients underwent open surgical

intervention to definitively manage the bleeding source

(Table 2). Major and minor embolization-related compli-

cations developed in 9% (74) of patients and included

access site complications, dissection of the target vessel,

Table 1 Published series of angiographic embolization for acute nonvariceal UGI bleeding that included[20 patients during a 17-year period

Reference Patients (n) Mean age (y) Previous endoscopy (%) Active extravasation (%) Technical success (%)

Lang [18] 57 52 NA 100 91

Encarnacion [7] 29 55 NA NA 62

Toyoda [40] 30 62 100 NA 100

Walsh [23] 50 64 100 50 92

Schenker [27] 163 58 90 37 95

Defreyne [29] 20 54 NA 60 95

Aina [25] 75 62 100 61 99

De Wispelaere [36] 28 69 100 39 89

Ripoll [50] 31 75 100 NA 100

Holme [10] 40 70 100 30 100

Loffroy [52] 35 71 100 66 94

Larssen [53] 36 80 100 42 92

Poultsides [28] 57 65 100 61 93

Loffroy [26] 60 69 100 63 95

Padia [34] 108 66 93 33 NA

All studies 819 65 99 54 93

The number of patients per study, mean patient age, number of patients who underwent endoscopy before embolization, proportion of the

patients who were found to have active extravasation on initial angiography, and technical success rate of embolization are presented

NA not available
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and liver and spleen infarction. The most significant long-

term complication was duodenal stenosis in a series by

Lang et al. [18], particularly after glue embolization of

terminal muscular branches of the GDA (25%). The overall

30-day mortality rate was 28% (229 patients) (Table 2).

Unfortunately, it was difficult to extract data with regard to

different causes of death and assess their relation with the

success of the embolization or the need for a subsequent

procedure. Although the mortality rate appears to be as

high as in some surgical series for emergent open repair of

UGI bleeding, one should keep in mind that the patients

treated with embolotherapy had been, on most occasions,

turned down for open repair due to significant comorbidi-

ties and advanced age. Due to variability in the way the

results were reported, and the difficulty in obtaining a

precise risk factor profile of the population in these series,

it is not possible at present to make comments regarding

impact of embolotherapy on mortality. A closer look into

this review of outcomes and the individual studies under-

scores a few important points. First, mortality and com-

plication rates exhibited wide variability among series,

further emphasizing the importance of individual expertise

and center experience in outcomes. Second, the presence of

active extravasation and superselective embolization does

not necessarily imply better short-term clinical response, a

phenomenon that may be explained by the intermittent

nature of the gastrointestinal bleeding and the presence

of bleeders that were missed with the very selective

embolotherapy. Last, only 20% of the patients who ini-

tially underwent embolization finally needed surgical

intervention to control recurrent bleeding, indicating that

embolotherapy can decrease the incidence of laparotomy in

patients presenting with acute UGI bleeding. Surgery was

usually performed after failure of second endoscopic

hemostasis or embolization procedure at the discretion of

the gastroenterologists or surgeons.

Complications

Groin hematomas (3–17%) and contrast-related complica-

tions (0.04–12.7%) can occur with the same frequency as

in other endovascular procedures [19, 20]. Acute renal

failure may occur, and its etiology is multifactorial, related

to the contrast injection in the context of hemorrhage and

volume depletion. Arterial embolization in the UGI tract

above the ligament of Treitz is generally considered very

safe because of the rich collateral supply to the stomach

and duodenum. However, the risk of significant ischemia

after embolization is known to increase in patients with

previous surgery within the same area [21] or with embolic

agents that can advance far into the vascular bed, such as

liquid agents (e.g., tissue adhesives, such as cyanoacrylate)

or very small particles (e.g., gelatin sponge powder or

calibrated microspheres) [21–24]. Although cases have

been reported at the acute phase, postembolization ische-

mia usually presents as duodenal stenosis at the chronic

phase. Lang et al. [18] reported duodenal stenosis in 7 of 28

patients 8 months to 7 years after embolization of terminal

vessels, mostly when tissue adhesive was used. In this

series, duodenal stenosis after GDA embolization was far

Table 2 Outcomes in selected case series

Reference Clinical success (%) Rebleeding rate (%) Need for surgery (%) Complication rate (%) 30-day mortality (%)

Lang [18] 86 56 2 16 4

Encarnacion [7] 62 11 17 17 45

Toyoda [40] 80 23 13 NA 23

Walsh [23] 52 52 37 4 40

Schenker [27] 58 29 NA 10 33

Defreyne [29] 60 37 26 20 30

Aina [25] 73 23 16 5 35

De Wispelaere [36] 64 36 21 0 46

Ripoll [50] 71 29 16 0 26

Holme [10] 65 28 35 0 25

Loffroy [52] 94 17 14 6 21

Larssen [53] 72 9 30 8 17

Poultsides [28] 51 47 21 26 21

Loffroy [26] 72 28 12 10 27

Padia [34] 44 66 21 5 20

All studies 67 33 20 9 28

The rates of clinical success, recurrent bleeding after a technically successful embolization, need for operative intervention to control bleeding,

complications, and periprocedural mortality are presented

NA not available
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less common and occured in only 2 of 29 patients who

underwent more proximal GDA occlusion. The high inci-

dence of stenosis of the duodenum, which is attendant on

embolization of the terminal vessels of a bleeding site, is

thought to be the consequence of severe hypoxia and

resultant avascular necrosis. Surgical correction of the

stenosis was necessary in 8 patients to address persistent

symptoms. Another patient had to undergo multiple bal-

loon dilatations for duodenal stenosis. Balloon dilatations

were performed in 1 additional patient after surgical

resection and recurrent symptoms of duodenal obstruction.

Inadvertent embolization of the main hepatic artery can

result in a broad spectrum of manifestations, ranging from

a temporary increase in the liver enzymes to life-threat-

ening hepatic failure, with the latter being more common in

the setting of cirrhosis and associated compromise of the

portal vein circulation [25]. Inadvertent placement of coils

in the main branches of the celiac axis has been reported

in B 3.3% of cases [26], usually in keeping with technical

difficulty or coil migration. Given the rich collateral cir-

culation, however, coils in the left gastric or splenic artery

rarely produce organ-threatening ischemia [27].

Predictors of Outcomes

Factors Affecting Success

Although conclusions from all retrospective studies must

be drawn with caution, some investigators have identified

several clinical and technical factors that may influence the

embolization outcome (Table 3).

Clinical Predictors of Rebleeding

Coagulopathy has been shown to adversely affect the

success rate for embolotherapy, with an increase in the

odds ratio for clinical failure, which ranges from 2.9 to

Table 3 Predictors of rebleeding within 30 days of embolization in the series under review

Reference Patients

(n)

Factors associated with rebleeding in univariate analysis

(P \ 0.05)

Factors associated with rebleeding in multivariate analysis

(P \ 0.05)

Encarnacion

[7]

29 Coagulopathya Coagulopathyb

Walsh [23] 50 Longer time to angiography Longer time to angiography

Greater number of total PRBCs Greater number of total PRBCs

Previous surgery Previous surgery

Schenker

[27]

163 NA Multiorgan system failurec

Coagulopathyd

Bleeding subsequent to trauma or invasive procedures

Defreyne

[29]

20 Blood loss (hemoglobin level \80 g l-1) NA

Hypovolemic shock

Corticosteroid use

Greater number of PRBCs transfused before angiography

Greater number of fresh frozen plasma transfused before

angiography

Aina [25] 75 Coagulation disorderse Coagulation disordersf

Presence of cirrhosis Use of coils as the only embolic agent

Poultsides

[28]

57 [6 units of PRBCs before the procedure [6 units of PRBCs before the procedure

Previous suture-ligated duodenal ulcer

Loffroy [26] 60 Coagulopathyg Coagulopathyh

C2 comorbidities Use of coils as the only embolic agent

Longer time from shock onset to angiography

Larger number of PRBCs transfused before angiography

Use of coils as the only embolic agent

NA not available
a,b,d Prothrombin ratio [1.3, partial thromboplastin time [40 s, or platelet count \80,000 ll-1

c Defined as at least three of the following underlying conditions: serious cardiovascular compromise (myocardial infarction, cardiac ischemia,

heart failure, hypotension, or hypovolemic shock), dialysis-dependent renal failure, steroid-dependent chronic obstructive pulmonary disease,

ventilator-dependent lung disease, cirrhosis, or sepsis
e,f,g,h International normalized ratio [1.5, partial thromboplastin time [45 s, or platelet count \80,000 ll-1
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19.6 [7, 25–27]. Indeed, Encarnacion et al. [7] first iden-

tified the presence or absence of coagulopathy as a major

factor affecting embolization outcome. Although the

investigator did not consider other technical or clinical

variables in their study, they did find that embolization was

2.9 times more likely to fail in patients with coagulopathy,

and death from bleeding after embolization was 9.6 times

more likely to occur in this group. Despite these odds, the

investigators reported successful angiographic bleeding

control in 6 of 14 (43%) patients. Similarly, Schenker et al.

[27] were able to achieve bleeding control with angio-

graphic embolization in 43 of 93 (46%) patients with

coagulopathy. Consequently, although every effort should

be made to correct coagulopathy before, during, and after

intervention, patients with coagulopathy should by no

means be excluded from angiographic treatment for

emergent arterial UGI hemorrhage.

Other clinical variables have been identified as predic-

tors of early rebleeding after embolization. Loffroy et al.

[26] recently reported their large experience in treating 60

patients with peptic ulcer bleeding. Devascularization was

achieved in 57 of 60 patients (technical success of 95%). In

37% (n = 22) of patients, angiography failed to demon-

strate contrast extravasation, and therefore blind emboli-

zation was performed. This was guided by endoscopic

findings before the procedure. Approximately 28%

(n = 16) of these patients bled again, and only three had

repeat embolization. Of the 16 rebleeding events in this

study, 15 occured after embolization of the GDA and its

branches. According to the investigator, the abundant col-

lateral circulation in the duodenum probably explained this

finding. Interestingly, several of the variables that were

studied in this series such as coagulation disorders, a longer

time from shock onset to angiography, a larger number of

RBC units transfused before angiography, and having C2

comorbid conditions were found by univariate analysis to

be associated with early rebleeding. In addition, clinical

outcomes were significantly influenced by the presence of

coagulation disorders (P = 0.027) by multivariate analysis,

which was found to predict failure embolization. In addi-

tion, the presence of [2 comorbidities and time to angi-

ography [2 days were associated with rebleeding in the

univariate analysis, specifically in patients with coagulation

disorders. Thus, the ability to achieve bleeding control in

critically ill patients seems to depend chiefly on early

intervention and severity of the underlying disease. Even if

comorbid conditions was not identified as a predictor of

rebleeding in the multivariate analysis because of inter-

correlation with coagulopathy in this study, recurrence of

bleeding was associated with comorbidities in the univar-

iate analysis and probably depends on the clinical setting

and whether or not the patient has the ability to clot. Walsh

et al. [23] found longer time to angiography (P = 0.01),

more total units of packed RBCs (P = 0.03), and previous

surgery for bleeding (P = 0.02) to be predictors of

embolization failure by multivariate analysis. The study by

Poultsides et al. [28] agreed with the earlier findings,

indicating that recent duodenal ulcer surgery (P = 0.03)

and blood transfusion of [ 6 U RBCs before the procedure

(P = 0.04) were independent predictors of poor emboli-

zation outcome. Last, in the series from Defreyne et al.

[29], low hemoglobin concentration (\80 g l-1) and shock

were more frequently observed in patients with early fail-

ure, which points to the severe and brisk character of UGI

hemorrhage. Clinical signs of shock and active bleeding at

admission are known risk factors for rebleeding after

endoscopic therapy [30]; hence, they are probably risk

factors for early recurrence after embolization as well. In

this study, corticosteroid intake was also considered to be a

statistically significant risk factor for rebleeding after

embolization, probably because it retards the wound-heal-

ing effect. Corticosteroid use is more often encountered in

inpatients with bleeding than in those with primary-refer-

red UGI hemorrhage [31], but it has not yet been reported

to be an independent risk factor for rebleeding.

Technical Predictors of Rebleeding

Blind Embolization Blind embolization is also contro-

versial. Because massive bleeding is often intermittent

[32], most groups have adopted a policy to embolize on the

basis of endoscopic findings even in situations where no

extravasation is seen angiographically [33]. In the series

from Aina et al. [25], Loffroy et al. [26], and Padia et al.

[34] there was no difference of outcome between patients

who underwent blind embolization and those who under-

went embolization after a bleeding site had been demon-

strated angiographically. Other researchers have also

advocated the practice of endoscopy-directed blind embo-

lization [6, 35, 36]. Based on the findings from the litera-

ture and our own experience, we believe that blind

embolization is appropriate. The GDA should be embol-

ized using the sandwich technique, in which both ends of

the artery are filled with coils to avoid retrograde bleeding

from the superior mesenteric circulation. If there is suspi-

cion that smaller muscular branches terminating to a clip

are the culprits, then those should be embolized with any of

the materials available.

Marking with a Metallic Clip Eriksson et al. [15] reported

a series of ten patients who were referred for embolother-

apy after failed endoscopic attempt to control bleeding

from acute duodenal ulcer. To guide the endovascular

treatment, the endoscopists marked the site of bleed with

clips placed at the junction of the ulcer and the adjacent

normal mucosa. In eight patients hemostasis was achieved
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after embolization, whereas surgical intervention was

necessary in the other two patients. The clips accurately

guided the endovascular intervention in six patients who

had no evidence of contrast extravasation at the time of

angiography. This was of particular importance in three

patients: in two patients, the culprit vessel was a suprad-

uodenal artery without connection to the GDA, whereas

one patient had bleeding from erosion into the inferior

pancreaticoduodenal artery that was arising from the SMA.

Marking with a metallic clip can assist with localization of

the vessel feeding the bleeding ulcer even if there is no

contrast medium extravasation after injection with the

catheter in the common hepatic or the main trunk of the

GDA. This is also important when the bleeding artery

arises separately from the proper hepatic artery or the

GDA. Superselective angiography guided by clip position

has better chances to demonstrate the extravasation, mak-

ing blind coil placement unnecessary, thus increasing the

efficacy of the procedure and decreasing the risk of coil

misplacement and inadvertent hepatic embolization [15,

26]. The only limitation of this technique is the need for

around-the-clock availability of an experienced interven-

tionalist and gastroenterologist, which is easy to achieve

only in high-volume medical centers.

Choice of Embolic Agent More controversial is the

influence of the type of embolic agent on the clinical

outcome. It is generally accepted that embolic therapy is

superior to vasopressin infusion for the treatment of UGI

hemorrhage from gastroduodenal ulcers [11]. The choice of

the best embolic agent is still debatable. In most series, this

choice was at the discretion of the interventional radiolo-

gist, according to his or her own experience, material

availability, angiographic findings, and capability to per-

form superselective catheterization of the bleeding vessel.

Coils alone inserted in the GDA or superselectively in the

pancreaticoduodenal arteries have been used with success

by several investigators [35, 37, 38]. Lang et al. [18]

compared several embolic agents in a series of 57 patients.

They achieved the best results in terms of safety and effi-

cacy with the use of autologous blood clot for proximal

gastroduodenal embolization and tissue adhesive for

occlusion of the distal vasculature of the GDA. These

investigators reported a 40% rate of duodenal stricture

when tissue adhesives were used, a finding that may be

related to the fact that tissue adhesives were used to em-

bolize terminal muscular branches and not to the choice of

embolization agent. The same group reported that a high

rate of bleeding recurrence was observed when PVA par-

ticles or Gelfoam were used alone. Similarly, Encarnacion

et al. [7] achieved a low success rate (62%) in their series,

which included mostly patients embolized with gelatin

sponge alone. These data confirm that the use of gelatin

sponge as the only embolic agent guarantees only short-

term results and should probably be avoided. Good results

were also reported with cyanoacrylate [39, 40] and with the

combination of gelatin sponge and coils [41]. Toyoda et al.

[40] reported that the time for TAE using n-butyl cyano-

acrylate was significantly faster than for TAE procedures

that do not use n-butyl cyanoacrylate. This is important

particularly in cases of massive bleeding that require urgent

hemostasis, especially in patients with coagulopathy.

Loffroy et al. [41] reported early clinical success in 22

(64.7%) of 34 patients treated by sandwich embolization of

the GDA using coils released distally and proximally in

combination with gelatin sponge placed in the arterial

trunk. However, because most of these series included

small study populations, no statistical conclusions can be

drawn from these data. Finally, Aina et al. [25] compared

embolization with coils alone versus a combination of coils

and PVA particles or Gelfoam. Multivariate regression

analysis in his study showed an association between the use

of coils alone and the incidence of bleeding recurrence in

patients with coagulopathy, a finding that supports the use

of PVA or Gelfoam in association with coils when

choosing a strategy for this subgroup of patients. Loffroy

et al. [26] also demonstrated that the use of coils as the only

embolic agent was significantly associated with early reb-

leeding in both univariate and multivariate analysis

(P = 0.03 and 0.022, respectively). These findings may be

explained by the fact that almost all of rebleeding events

occured after coil embolization of the GDA and that most

of these patients underwent sandwich embolization without

coiling of the arterial trunk of the GDA. It is well known

that successful embolization with spirals depends on their

number. They concluded that coils probably should not be

used as the only embolic agent but rather in association

with Gelfoam, particles, or glue for the treatment of gas-

troduodenal hemorrhage, especially when using the sand-

wich technique. Otherwise, the choice of embolic agent

does not seem to affect clinical response or recurrence

rates.

Factors Affecting Survival

In general, the mortality rate of patients with UGI hem-

orrhage from gastroduodenal ulcers who do not respond to

conservative therapy ranges from 17% to 43% in surgical

series [42, 43]. Factors influencing mortality include

advanced age, trauma or sepsis, recent major operation,

lung or liver disease, and massive blood transfusions [43,

44]. After embolization in patients too sick to undergo

open intervention, the mortality rate of patients with UGI

hemorrhage is rather similar and varies between 10 and

45%. One explanation may be the fact that most patients

treated with embolization are often significantly older and
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have more comorbidities than those managed surgically. A

number of factors have been identified as influencing po-

stembolization mortality. One of the most important and

frequently encountered is the absence of early recurrent

bleeding, especially after superselective embolization of a

vessel with contrast extravasation on initial angiography.

Patients with angiographic extravasation exhibit a marked

decrease in mortality when embolization is successful

compared with patients requiring surgery after failed

embolization (38 vs. 83% mortality rate) [45]. A strong

correlation has been seen between coagulopathy, clinical

failure, and mortality after embolization: patients with

impaired coagulation profile are 3 times more likely to

rebleed after initially successful embolization and 10 times

more likely to die as a result of bleeding compared with

those having normal coagulation status [7, 25]. Rescue

surgery after a failed attempt for embolization has a high

mortality that exceeds even the 50% death rate with

emergency surgery [46, 47]. In other series, underlying

medical problems, such as cirrhosis and malignancy, have

a major impact on the mortality rate. Finally, in the pres-

ence of multisystem organ failure, a clinical successful

embolization appears to offer the only chance for survival.

In the series from Schenker et al. [27], the mortality was

96% in patients with multisystem organ failure who did not

respond to embolization versus 31% in those who did

respond.

Topics of Interest

Long-Term Follow-Up

Long-term results in 57 patients who underwent angiog-

raphy and embolization for bleeding from the UGI tract

have been published by Lang et al. [18]. Control of

bleeding was accomplished in 52 of 57 patients. Superse-

lective terminal muscular branch embolization was as

effective as embolization of the main GDA. In 8 of these

patients, a second catheter-based intervention was neces-

sary within 30 days to completely stop the hemorrhage.

Notably, 29 of the 52 patients who were embolized suc-

cessfully bled again during the follow-up period (3 months

to 7 years after the initial embolization procedure) at the

level of the GDA, indicating the need for aggressive long-

term risk factor modification and treatment for the under-

lying peptic ulcer disease. Long-term bleeding control was

more likely in the subgroup of patients who underwent

superselective terminal muscular branch embolization

compared with patients who underwent embolization of the

main GDA trunk (53 vs. 27%, P = 0.084). Long-term

success in this series was related to the embolic material

used. For occlusion of the muscular branch arteries,

6-cyanoacrylate had the highest success rate, whereas for

occlusion of the main GDA, epsilon-aminocaproic acid–

induced blood clot was superior to other materials (coils,

gelatin sponge particles, or PVA particles).

Embolization Versus Surgery

To date, no controlled trial has compared angiographic

embolization with surgery as a salvage procedure for failed

endoscopic therapy. The wide array of alternatives for the

treatment of UGI bleeding after endoscopic failure make

the decision of when to resort to emergency surgery more

difficult, especially in patients with risk factors for recur-

rent bleeding and death, which are also related to high

surgical risk. Law et al. [48], in a randomized controlled

study, showed no differences in bleeding control between a

second endoscopic treatment and surgery after initial

endoscopic treatment failure for bleeding peptic ulcers.

During endoscopy, active bleeding, large ulcer size, loca-

tion of ulcer at posterior bulbar duodenum, and lesser curve

have been identified as predictors for endoscopic failure

[49]. Embolotherapy may be particularly attractive in such

a setting because it is not as invasive as surgery and has

few complications [7, 50]. Another advantage of TAE is

that most patients with recurrent bleeding after initial

treatment with surgery or TAE can be effectively treated

with TAE, thus avoiding a second surgical procedure [51].

Two retrospective comparisons showed at least similar

efficacy in terms of rate of rebleeding, morbidity, and

mortality. Ripoll et al. [50] retrospectively analyzed the

outcome of 70 patients with refractory peptic ulcer bleed-

ing. Thirty-one patients underwent angiographic emboli-

zation, and 39 patients were managed with surgery.

Although patients receiving angiographic embolization

were 10 years older and more patients had heart disease,

the incidence of recurrent bleeding (29 vs. 23%) and

mortality was similar (26 vs. 21%). Another retrospective

comparison study by Eriksson et al. [51] included 40

patients who underwent angiographic embolization and 51

patients who underwent surgery after failed endoscopic

therapy. The angiographic embolization group was older

and had more comorbidity. Thirty-day mortality was lower

in the angiographic embolization group (3 vs. 14%).

Conclusion

Managing massive bleeding from the UGI tract remains a

challenge. A multidisciplinary team of skilled endosco-

pists, intensive care specialists, experienced UGI surgeons,

and interventional radiologists all have a role to play. The

past three decades have seen enormous advances in endo-

vascular device development and treatment of a wide
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variety of hemorrhagic conditions. The safety and efficacy

of transcatheter embolization for the treatment of life-

threatening acute nonvariceal UGI bleeding is now widely

accepted and is considered the gold standard for endos-

copy-refractory patients. Embolization may be effective for

even the most gravely ill patients for whom surgery is not a

viable option, even when extravasation is not visualized by

angiography. As described in this review, several clinical

and technical factors must be known by interventional

radiologists because they may influence the clinical out-

come of embolotherapy in such setting. Specifically, every

effort should be made to perform embolization early after

bleeding onset and to correct coagulations disorders. In

addition, it seems that careful selection of the embolic

agents according to the bleeding vessel may play a role in a

successful outcome.
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