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Abstract

Background: Superselective transarterial embolization (TAE) is the most commonly used treatment for lower gastrointestinal (LGI)
bleeding when endoscopic management is impossible or fails. Its effectiveness and safety are increased using advanced techniques,
instruments, and embolic materials.
Objectives: To evaluate the outcome and safety of TAE for LGI bleeding and to analyze various influencing factors, including embolic
material, embolization site, and anticoagulant or antiplatelet medication.
PatientsandMethods: Fifty-two patients who underwent superselective TAE for LGI bleeding between 2003 and 2011 were included,
and their clinical and imaging information were retrospectively reviewed. Outcome and safety measures, including technical and
clinical success, early and delayed rebleeding, and complications, were evaluated. Logistic regression analysis was used to deter-
mine whether the clinical success rate was associated with specific variables.
Results: Technical and clinical success was achieved in 52 (100%) and 43 (83%) patients, respectively. The prior embolization site was
the point of rebleeding in five of the nine patients with early rebleeding. Delayed rebleeding was documented in four patients, in-
cluding two patients with angiodysplasia. Logistic regression analysis showed that embolization site, embolic material, and antico-
agulant or antiplatelet medication were not statistically significant factors affecting the clinical success rate of TAE for LGI bleeding.
A major complication, ischemic colitis, occurred in one patient.
Conclusion: Superselective TAE for LGI bleeding has a high success and low complication rate. There are no statistical correla-
tions between the clinical success rate and several variables, including embolic material, embolization site, and anticoagulant or
antiplatelet medication.
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1. Background

Lower gastrointestinal (LGI) bleeding is defined as
hemorrhage distal to the ligament of Treitz, including the
small bowel, colon, rectum, and anus. The annual inci-
dence of hospitalization for LGI bleeding is approximately
21 per 100,000 persons (1). About 10 - 15% of patients
with life-threatening hemorrhage require invasive inter-
ventions for hemostasis, and approximately 4% of patients
die from LGI bleeding (2, 3). The incidence of LGI bleeding
also increases with the usage of aspirin, nonsteroidal anti-
inflammatory drugs, and anticoagulants (4-6).

Nowadays, endoscopy is considered the primary
method for the investigation and treatment of LGI bleed-
ing. However, it requires preparation time and frequently
fails to diagnose and treat LGI bleeding because of blood

clots and stools (1, 7, 8). Furthermore, small bowel bleeding
cannot be treated via colonoscopy. Alternative treatments
include vasopressin infusion, surgery, and transarterial
embolization (TAE). Vasopressin infusion has high rates of
complication and rebleeding (9). Also, surgery is associ-
ated with high mortality and morbidity rates, especially
in emergency cases (more than 50% of patients) (10).

TAE is effective for upper gastrointestinal (UGI) bleed-
ing and is considered the first-line therapy for massive
bleeding refractory to endoscopic management (11). In the
past, TAE was less applicable to LGI bleeding because of the
tenuous blood supply in the distal bowel, for which the
risk of bowel infarction exceeded 10% (12). Recent advances
in the microcatheter system, embolic materials, and inter-
vention radiologists’ skills, however, have improved the
effectiveness and safety of superselective TAE in the treat-
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ment of LGI bleeding. Although many studies have dealt
with the outcome and safety of superselective TAE for LGI
bleeding, they included small cohorts and did not consider
other influencing factors, including embolic agents or an-
ticoagulant or antiplatelet medication.

2. Objectives

The aim of this study was to evaluate the outcome and
safety of TAE in LGI bleeding and to analyze the various fac-
tors that potentially affect outcome and safety, including
embolic material, embolization site, and anticoagulant or
antiplatelet medication.

3. Patients andMethods

3.1. The Study Population

The institutional review board of Korea university
medical center approved this study and waived the in-
formed consent requirements. Consecutive patients who
underwent superselective TAE for LGI bleeding and were
followed up at Korea university medical center between
January 2003 and December 2011 were enrolled in the
study. Indications for TAE for LGI bleeding were modi-
fied from the quality improvement guidelines for tran-
scatheter embolization for acute gastrointestinal nonva-
riceal hemorrhage (13), including: (a) a consensus between
radiologists and clinicians, (b) acute LGI bleeding with an
endoscopically untreatable or unrevealed source of bleed-
ing or the impossibility of proceeding with endoscopy,
and (c) showing direct or indirect signs of bleeding on
angiography. An absolute contraindication for TAE was a
history of hypersensitivity to iodine-contrast media. A to-
tal of 52 consecutive patients were included in the study.
Medical records were retrospectively reviewed for infor-
mation on clinical signs and symptoms, laboratory find-
ings, endoscopy, and imaging studies (computed tomogra-
phy and angiography). Fifty-one patients were referred for
embolization due to the failure to detect bleeding foci or
hemostasis on colonoscopy or sigmoidoscopy. One patient
showed active bleeding through a drainage tube after gas-
trojejunostomy, and embolization was performed without
the preceding endoscopy.

The cohort consisted of 35 men and 17 women whose
median age was 61 years (range 19 - 86 years). The most com-
mon cause of LGI bleeding was a colonic diverticulum (n =
15). However, the cause was not determined in 16 patients.
Half of the patients (n = 26) had two or more comorbidi-
ties, and 17 patients were taking anticoagulant (heparin or
warfarin) or antiplatelet (aspirin or clopidogrel) medica-
tion. The demographic characteristics of the patients and

the etiologies of LGI bleeding are presented in Tables 1 and
2.

Table 1. Patients’ Information

Number Percentage

Demographics, n = 52

Mean age ± standard deviation 60.50 ± 15.73 Range: 19 - 86

Gender (Male/Female) 35/17 69%/31%

Comorbidities

Hypertension 23 44%

Diabetes mellitus 14 27%

Malignancy 11 21%

Liver cirrhosis 7 13%

Renal impairment 5 10%

Number of comorbidities

No comorbidity 7 13%

Two or more comorbidities 26 50%

Medication

Anticoagulant or antiplatelet 17 33%

Table 2. Etiology of LGI Bleeding

Etiologies Number Percentage

Colonic diverticulum 15 29%

Tumor 8 15%

Post operation bleeding 3 6%

Behçet ulcer 3 6%

Angiodysplasia 3 6%

Tumor and angiodysplasia 1 2%

Appendicitis with necrosis 1 2%

Crohn’s disease 1 2%

Post-endoscopic polypectomy bleeding 1 2%

Unknown 16 31%

Abbreviation: LGI, lower gastrointestinal.

3.2. Embolization Procedures

The right or left common femoral artery was punc-
tured for arterial access. Diagnostic superior mesenteric
and inferior mesenteric angiography was performed using
the 4-French Yashiro (Terumo, Tokyo, Japan) or the 5-French
Cobra catheter (Cook, Bloomington, IN). If the angiogram
showed direct (extravasation of the contrast medium) or
indirect signs of bleeding (pseudoaneurysm, hyperemia,
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intramural contrast pooling, or arterial wall abnormal-
ity), a 2.0- to 3.0-French coaxial microcatheter (Progreat,
Terumo, Tokyo, Japan; Microferret, Cook, Blomington, IN;
MiraFlex, Cook, Bloomington, IN; Renegade, Boston Scien-
tific Corporation, Natick, MA; Jamiro, Kaneka Corporation,
Hyogo, Japan) was advanced to the bleeding site. TAE was
performed at the angiographic bleeding site at the level of
the vasa recta or marginal artery. Several embolic mate-
rials were selected according to the preference of the op-
erators, including an absorbable gelatin sponge (Gelfoam,
Pharmacia and Upjohn, New York, NY) that was cut into 1
× 1 mm segments and injected manually with contrast at
the bleeding site or microcoils (a 3 × 2 mm or 4 × 2 mm
Tornado embolization microcoil) (Cook, Bloomington, IN)
deployed in the selected artery (Figure 1). In some cases,
additional gelatin sponge embolization was performed for
consolidation; polyvinyl alcohol particles (PVA; Contour,
Boston Scientific Corporation, Natick, MA) between 150
and 500 nm were infused manually with contrast; glue (N-
butyl-2-cyanoacrylate [histoacry]; B. Braun Melsungen AG,
Melsungen, Germany) mixed with ethiodized oil (glue-to-
ethiodized oil ratio 1:2 - 8) was injected manually through
a microcatheter (Figure 2); ethiodized oil (Lipiodol Ul-
trafluide, Laboratoire Guerbet, Aulnay-Sous-Bois, France)
was also injected manually though a microcatheter. Post-
embolization angiography was performed to confirm the
absence of bleeding at the embolization area.

All the patients were monitored for complications or
rebleeding after the procedure. All patients were followed
up clinically, on either an inpatient or outpatient basis, to
determine whether they had clinical symptoms and signs
of rebleeding. Twenty-seven patients underwent follow-up
sigmoidoscopy or colonoscopy for complications or recur-
rence within one week. The average follow-up time was 439
days (range 1 - 2,798 days).

3.3. Data Analysis

Technical success was defined as the cessation of bleed-
ing on postembolization angiography. Clinical success was
defined as the technical success of the clinical cessation of
bleeding in the patient, without early rebleeding and fur-
ther surgical, endoscopic, or repeated angiographic pro-
cedures within 30 days of TAE. Early rebleeding was de-
fined as clear laboratory or clinical signs of LGI bleeding
within 30 days of TAE. Delayed rebleeding was defined as
LGI bleeding more than 30 days after TAE. These were deter-
mined according to the quality improvement guidelines
for transcatheter embolization for acute gastrointestinal
nonvariceal hemorrhage (13). Procedure-related complica-
tions were classified either as major or minor according to
the Society of Interventional Radiology Standards of Prac-
tice Committee classification of complications (14).

A Kaplan-Meier analysis was performed to identify the
time interval between TAE and early rebleeding. Logistic re-
gression analysis was applied to the data set to identify the
statistically significant relationships, if any, between clini-
cal success rate and multiple variables, including sex, age,
number of underlying diseases (≥ 2 or none), anticoagu-
lant or antiplatelet medication, embolization site, and em-
bolic material (among gelatin sponge, microcoil and mi-
crocoil + gelatin sponge groups). Statistical analysis was
performed using SPSS ver. 20 (IBM Corp. Released 2011. IBM
SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM
Corp.).

4. Results

Technical success was achieved in 52 patients (100%).
All the patients showed no signs of bleeding on post-
embolization angiography. Clinical success was achieved
in 43 patients (83%). Among the nine patients with clini-
cal failure, four underwent repeated TAE at the sites of ac-
tive bleeding, which had been previously embolized. The
procedure protocol for the repeated TAE was the same
as that for the first TAE, except for the different embolic
agents that were used in three patients (Table 3). Among
the remaining five patients, three patients underwent
colonoscopy. For one patient, electrocoagulation was per-
formed at the site of active bleeding, which was in the same
anatomic region as the embolization site. Two patients
showed no sites of active bleeding or suspicious sites on
colonoscopy, so conservative management was indicated.
These seven patients who underwent endoscopy or em-
bolization after early rebleeding did not show further re-
bleeding.

The other two patients with clinical failure expired
within 30 days. One patient with underlying chronic
kidney disease and hypertension underwent TAE at the
jejunal branch of the superior mesenteric artery. Tem-
porary hemostasis was achieved immediately after TAE;
however, continuous hematochezia recurred soon there-
after. His condition worsened because of hypovolemia and
metabolic acidosis, and he expired one day after TAE. The
other patient, who had liver cirrhosis, diabetes, and hyper-
tension, underwent TAE at the cecal branch of the right
colic artery. Successful hemostasis was achieved for nine
days. However, during these nine days, his condition wors-
ened due to septic shock and disseminated intravascular
coagulation. On the 10th day after TAE, hematochezia re-
curred and esophageal variceal bleeding developed. De-
spite intensive medical management, he expired 21 days af-
ter TAE.

The average and median time intervals between TAE
and early rebleeding were approximately three days and
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Figure 1. Successful microcoil embolization in a 72-year-old woman with angiodysplasia. A and B, Selective superior mesenteric angiogram showing a tortuous arterial supply
(straight arrow) and an early draining vein (curved arrow) without evident nidus in the distal ileum. These findings suggest angiodysplasia. C, After microcoil embolization
of the tortuous artery (arrow), no evidence of contrast filling was observed in the angiodysplasia.

Figure 2. Successful glue embolization in a 54-year-old man with cecal diverticulum. A, Selective superior mesenteric arteriography representing contrast extravasation
(arrow) in the distal ileocolic artery. B, Embolization of the distal vasa recta was performed using radiopaque glue (histoacryl, arrow). C, A postembolization angiogram
showing hemostasis and packing of the radiopaque glue (arrow).

one day, respectively. All the time intervals were within 10
days, and eight out of nine patients (89%) showed early re-
bleeding within seven days (Figure 3). An overview of the
nine patients with clinical failure is presented in Table 3.

Delayed rebleeding occurred in four patients after TAE.
The median interval between TAE and delayed rebleed-
ing was 311 days (range 195 - 426 days). Two patients had
angiodysplasia, and two had unknown etiologies of LGI
bleeding. For the patient with angiodysplasia in the ter-
minal ileum, angiography revealed that the site of active
bleeding was the prior embolization site. After the re-
peated TAE, no rebleeding occurred. In the other patient
with angiodysplasia, a different bleeding site was disclosed
on endoscopy and successful endoscopic electrocoagula-
tion was performed. One patient with an unknown etiol-
ogy of LGI bleeding underwent endoscopic clipping and
electrocoagulation at the site of active bleeding, which was
in the same anatomic region as the prior embolization.

The remaining one patient with an unknown etiology of
LGI bleeding was treated conservatively without angiogra-
phy or endoscopy.

In 31 patients (60%), TAE was performed at the vasa
recta. In 20 patients (38%), TAE was performed at the
marginal artery. In one patient, TAE was performed at both
the marginal artery and the vasa recta (Table 4).

The most commonly used embolic agent was a gelatin
sponge (n = 25, 48%), followed by a microcoil with a gelatin
sponge (n = 16, 31%) and a microcoil alone (n = 4, 8%; Table
4).

Seventeen patients (33%) had taken anticoagulant or
antiplatelet medication because of various underlying dis-
eases. The time interval from cessation of the anticoagu-
lant or antiplatelet medication to embolization was within
seven days (median 1.5 days; range 0 - 7 days). Clinical suc-
cess was achieved in 14 (82%) of these patients. Meanwhile,
clinical success was achieved in 30 (86%) of the patients
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Table 3. An Overview of Early Rebleeding Patients

Patient
Number

Sex Age Anticoagulant
or Antiplatelet
Medication

Etiology Bleeding
Focus

Embolization
Site

Embolic
Agents

Early
Rebleeding

Time Interval,
d

Rebleeding
Management

Rebleeding
Site

Progress

1 F 76 Aspirin Unknown Jejunal branch Vasa recta +
Marginal artery

Microcoil +
gelatin sponge

0 Conservative Unknown Expired

2 M 62 - Behçet ulcer Ileocolic
branch

Vasa recta Microcoil 0 Endoscopy No focus Spontaneous
hemostasis

3 F 66 Aspirin Diverticulum Right colic
branch

Vasa recta Microcoil +
gelatin sponge

1 Endoscopy No focus Spontaneous
hemostasis

4 F 62 - Colonic
metastasis

from
hepatocellular

carcinoma

Left colic
branch

Marginal artery Ethiodized oil +
microcoil +

gelatin sponge

1 Embolization
with ethiodized

oil

The same site Clinical success

5 M 55 Aspirin Diverticulum Ileocolic
branch

Vasa recta Microcoil +
gelatin sponge

0 Embolization
with gelatin

sponge

The same site Clinical success

6 M 47 - Post operation Right colic
branch

Vasa recta Microcoil +
gelatin sponge

6 Embolization
with gelatin

sponge

The same site Clinical success

7 M 35 - Diverticulum Right colic
branch

Vasa recta Microcoil 10 Conservative Unknown Expired

8 M 48 Aspirin Unknown Jejunal branch Marginal artery Gelatin sponge 7 Embolization
with gelatin

sponge

The same site Clinical success

9 M 19 - Behçet ulcer Ileocolic
branch

Marginal artery Gelatin sponge 1 Endoscopic
coagulation

The same
anatomic

region

Clinical success

Abbreviations: F, female; M, male; d, day.

Table 4. Embolization Procedure

Characteristics Total Number Successful Number Clinical Success Rate

Embolization sites, n = 52

Marginal artery 20 17 85%

Vasa recta 31 26 84%

Marginal + vasa recta 1 1 100%

Embolic agents, n = 52

Gelatin sponge 25 23 92%

Microcoil + gelatin sponge 16 12 75%

Microcoil 4 2 50%

Glue 4 4 100%

PVA particle + gelatin sponge 1 1 100%

PVA particle 1 1 100%

Ethiodized oil + microcoil + gelatin sponge 1 0 0%

who had not taken anticoagulant or antiplatelet medica-
tion (n = 35).

In the logistic regression analysis, the older the pa-
tients, the better their chances of clinical success (odds
ratio 1.07; 95% confidence interval at 1.01 - 1.14; p = 0.03).
Gelatin sponge embolization had a higher success rate
than that achieved by microcoil embolization, and border-
line significance was observed (odds ratio 7.27; 95% confi-
dence interval, 1.06 - 61.53; P = 0.07). Sex, underlying dis-

ease, anticoagulant or antiplatelet medication, and em-
bolization site were not statistically significant factors (Ta-
ble 5).

Minor complications, including fever, chills, headache,
and mild abdominal pain, occurred in 12 patients (23%) and
were relieved by conservative management. One patient
(2%) developed bowel ischemia. The patient was a 70-year-
old man who was hospitalized for sepsis and had underly-
ing liver cirrhosis. Superior mesenteric arteriography re-
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Figure 3. The Kaplan-Meier curve for the time interval between TAE and early re-
bleeding in nine patients

Table5. Logistic Regression Analysis for the Association Between the Clinical Success
Rate and Multiple Variables

Characteristics Odds Ratio P Value

Age 1.07 (95% CI, 1.01 - 1.14) 0.03

Sex N/A > 0.1

Underlying diseasea N/A > 0.1

Anticoagulant or antiplatelet N/A > 0.1

Embolization site N/A > 0.1

Embolicmaterialb 7.27 (95% CI, 1.06 - 61.53) 0.07

Abbreviation: N/A, not applicable; CI, confidence interval.
aBetween ≥ 2 Morbidities and no Morbidity.
bBetween Gelatin Sponge + Microcoil or Microcoil + Gelatin Sponge.

vealed hypervascularity at the cecum and terminal ileum.
Gelatin sponge embolization was performed at the level of
the vasa recta, and bleeding stopped. A few days after TAE,
endoscopy revealed bowel ischemia. On the eighth day af-
ter TAE, he expired from the worsened septic condition.

5. Discussion

Since TAE for intra-abdominal bleeding was intro-
duced in 1965 (15), it has been considered a good alterna-
tive therapeutic method when gastrointestinal bleeding is
refractory or impossible to treat with endoscopy. Advances
in microcatheter systems have made superselective TAE
possible and decreased complications, including bowel is-
chemia and recurrent bleeding via collateral flow.

Current studies report high technical success rates for
superselective TAE for lower GI bleeding, ranging from 85
to 100% (2, 16 - 22). In this study, technical success was

achieved in 52 patients (100%), which is comparable to
rates in other studies. Generally, technical difficulty, va-
sospasm, and prior surgery are the causes of embolization
failure (16). However, no such obstacles affected the out-
comes of embolization in the present study.

Clinical success was achieved in 43 patients (83%). This
result was also comparable to the clinical success rates in
other studies, ranging from approximately 63 to 92% (2, 16-
22). In the nine patients classified as clinical failures, the
time interval between TAE and early rebleeding was usu-
ally short, and the average was approximately three days.
Other studies also showed relatively short time intervals,
within one day or an average three days (17, 23). The prior
embolization site was the site of rebleeding in five patients.
Other studies also show the rebleeding site after TAE to be
the site of the prior TAE, which can be explained by collat-
eral blood flow or the insufficient reduction of pulse pres-
sure (24, 25).

Some studies point out that the etiology of LGI bleed-
ing is the most important factor in delayed rebleeding (2,
19, 20). Angiodysplasia is the most common cause of de-
layed rebleeding (18, 26, 27). Other frequently attributed
lesions are extensive diverticulosis and tumors that can
progress or metastasize (2, 19, 20). In our study, delayed
rebleeding occurred in four patients (8%) two were cases
of angiodysplasia at the distal ileum, and the remaining
two were LGI bleeding of unknown etiology. Angiodyspla-
sia could have been the cause of the delayed rebleeding in
two patients, although no investigation into the causes of
rebleeding was conducted.

Many authors prefer the use of microcoil in TAE for
LGI bleeding embolization (2, 16, 17, 20, 28). However, the
precise deployment of microcoil TAE requires radiologists
with a high skill level and experience. Difficulties in the
precise deployment and incomplete control of the distal
blood flow can be attributed to clinical failure. In some
cases, supplementary embolization using PVA particles or
a gelatin sponge may be necessary to consolidate the coil-
embolized artery after microcoil deployment (2, 29-32). In
our series, a gelatin sponge was used as the supplementary
embolic material in 16 patients.

A gelatin sponge, the most commonly used embolic
agent in this study, is widely used because it is safe, in-
expensive, and easy to use (2). Although no statistically
significant differences in success rates were observed be-
tween the microcoil and gelatin sponge groups, the gelatin
sponge group had a higher success rate. In the gelatin
sponge group, marginal artery embolization was per-
formed in 15 out of 25 cases. However, marginal artery em-
bolization was performed in two out of 20 cases in the mi-
crocoil group. Therefore, we can speculate that a gelatin
sponge could effectively prevent rebleeding from back-
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flow via collateral circulation, even in marginal artery em-
bolization. Also, supplemental particle embolization after
microcoil deployment may be helpful in controlling LGI
bleeding.

A recent study by Hur et al. shows the safety and effec-
tiveness of glue as a primary embolic agent for LGI bleed-
ing (22). Although glue embolization is useful for patients
with coagulopathy, it requires the operator to have a high
level of skill and experience and sufficient training to avoid
complications. In this study, glue embolization was per-
formed in only four patients. If the complexity of handling
glue is overcome, however, glue could be just as good an
embolic agent as a gelatin sponge or microcoil.

The use of anticoagulant or antiplatelet medication
has been shown to be a significant risk factor for clinical
failure in UGI bleeding (33), but this study found no sta-
tistically significant association between anticoagulant or
antiplatelet medication and clinical success rate. The pa-
tients who had taken anticoagulant or antiplatelet medi-
cation only had a slightly lower clinical success rate than
patients who had not taken these medications. Consider-
ing the effective time of anticoagulant or antiplatelet in
the bloodstream and the time interval between cessation
of the medication and TAE in our patients, anticoagulant
or antiplatelet medication might have had no effect on the
embolization result in terms of LGI bleeding. Nonetheless,
a prospective study would be warranted for further evalu-
ation.

This study has two limitations. First, it was designed
retrospectively. A prospective randomized study compar-
ing variables would help to obtain more exact information
on clinical outcomes, effectiveness, and safety. Second, the
cause of LGI bleeding was not thoroughly investigated in
many cases because of clinicians’ inclinations or patients’
wishes.

In conclusion, superselective TAE for LGI bleeding is
safe and effective with a high success rate and a low compli-
cation rate. No statistically significant differences in suc-
cess rates were observed between embolic material, em-
bolization site, and anticoagulant or antiplatelet medica-
tion, although further study is required.
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