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Abstract
Objective To investigate the safety and efficacy of transcatheter arterial embolisation (TAE) in the management of lower
gastrointestinal bleeding (LGIB) and to identify predictors of clinical outcomes.
Methods Between December 2005 and April 2017, 274 patients underwent diagnostic angiography for signs and symptoms of
LGIB; 134 patients with positive angiographic findings were retrospectively analysed. The technical success of TAE and clinical
outcomes, including recurrent bleeding, major complications, and in-hospital mortality were evaluated. The associations of
various clinical and technical factors with clinical outcomes were analysed. Predictors for clinical outcomes were evaluated
using univariate and multivariate logistic regression analyses.
Results A total of 134 patients (mean age, 59.7 years; range, 14–82 years) underwent TAE for LGIB. The bleeding foci were in
the small bowel in 74 patients (55.2%), colon in 35 (26.1%), and rectum in 25 (18.7%). Technical success was achieved in 127
patients (94.8%). The clinical success rate was 63% (80/127). The rates of recurrent bleeding, major complications, and in-
hospital mortality were 27.9% (31/111), 18.5% (23/124), and 23.6% (33/127), respectively. Superselective embolisation and the
use ofN-butyl cyanoacrylate (NBCA) were significant prognostic factors associated with reduced recurrent bleeding (OR, 0.258;
p = 0.004 for superselective embolisation, OR, 0.313; p = 0.01 for NBCA) and fewer major complications (OR, 0.087; p ˂ 0.001
for superselective embolisation, OR, 0.272; p = 0.007 for NBCA).
Conclusions TAE is an effective treatment modality for LGIB. Superselective embolisation is essential to reduce recurrent
bleeding and avoid major complications. NBCA appears to be a preferred embolic agent.
Key Points
• Transcatheter arterial Embolisation (TAE) is a safe and effective treatment for lower gastrointestinal tract haemorrhage.
• Superselective embolisation is essential to improve outcomes.
• N-butyl cyanoacrylate (NBCA) appears to be a preferred embolic agent with better clinical outcomes.
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Abbreviations
CT Computed tomography
GIB Gastrointestinal bleeding
IIA Internal iliac artery
IMA Inferior mesenteric artery

LGIB Lower gastrointestinal bleeding
NBCA N-butyl cyanoacrylate
PVA Polyvinyl alcohol
SMA Superior mesenteric artery
TAE Transcatheter arterial embolisation

Introduction

Acute lower gastrointestinal bleeding (LGIB) refers to
acute bleeding from the gastrointestinal tract distal to the
ligament of Treitz. LGIB accounts for 20% of all cases of
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acute gastrointestinal bleeding (GIB), of which 15% re-
quire invasive treatment [1, 2]. Emergent endoscopy is the
mainstay for diagnosis and subsequent haemostasis in
cases of acute LGIB [3]. However, endoscopic treatment
has limitations in patients with haemodynamic instability,
poor bowel preparation, small bowel bleeding, or whose
bleeding focus is not localised because of massive haem-
orrhage [4, 5]. In cases of endoscopic failure, therapeutic
options include surgery and transcatheter treatment.
Emergent surgery has mortality rates as high as 15–30%
[6]. Moreover, when the bleeding focus is not localised,
the surgery-related mortality rate increases up to 50% [4].

Transcatheter arterial embolisation (TAE) has been used
for the treatment of LGIB for decades. In the past, vaso-
pressin infusion or non-superselective embolisation using a
large-profile catheter was performed, which led to an un-
acceptably high rate of recurrent bleeding and bowel in-
f a r c t i on [4 , 6 ] . Recen t l y, t h e deve lopmen t o f
microcatheters with a small caliber and various embolic
materials has enabled superselective embolisation; thus,
TAE is now being used as a first-line treatment for LGIB
[4, 7]. However, one of the remaining major complications
is bowel infarction because the bowel has a relatively
smaller vascular network than the upper gastrointestinal
tract. Only a few studies with small sample sizes have
investigated rates of recurrent bleeding, complications,

and mortality after TAE for LGIB [8–11]; therefore, a
study with a larger population is needed.

The purpose of this study was to evaluate the efficacy and
safety of superselective TAE for LGIB in a large population in
tertiary care over a 12-year period and to assess factors asso-
ciated with clinical outcomes.

Materials and methods

Patient selection

Our Institutional Review Board approved this single-
centre retrospective study, waiving the usual informed
consent requirement. Figure 1 demonstrates the study
flowchart. From December 2005 to April 2017, 919 pa-
tients were admitted to our hospital with signs and symp-
toms of gastrointestinal bleeding. Of these, we excluded
patients with upper gastrointestinal bleeding (n=496) and
variceal bleeding (n=149) based on clinical symptoms and
imaging findings upon computed tomography (CT) and/or
endoscopy. Diagnostic angiography was performed for
LGIB (n=274). All patients with positive angiographic
findings for LGIB (n=134) received TAE and were in-
cluded in the analysis.

Fig. 1 Study flowchart
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Diagnosis of lower gastrointestinal bleeding

Contrast-enhanced CT scan, endoscopic findings, and/or clin-
ical symptoms were used to localise the LGIB. Colonoscopy
was used as a primary diagnostic tool when bleeding from the
colorectal region was clinically suspected. Endoscopic
haemostasis was attempted when the bleeding focus was lo-
cated, but if haemostasis failed, patients were referred for em-
bolisation. Some patients underwent CT scan if endoscopy
failed to localise bleeding foci; other patients had immediate
angiography if their vital signs were unstable despite medical
treatment.

Definitions

Patient characteristics, aetiologies of bleeding, haemodynamic
status, transfusion and/or inotropic use, laboratory findings,
and details of angiographic findings and embolisation proce-
dure were obtained for analysis.

Vascular disease included arteriovenous malformation,
angiodysplasia, vasculitis, and Dieulafoy’s lesion.
Coagulopathy was defined by (i) prolonged prothrombin time
(international normalised ratio ˃ 1.5); (ii) thrombocytopenia
(platelet count ˂ 80,000/mL); or (iii) activated partial throm-
boplastin time (˃ 45 seconds) [12, 13]. Enterocolitis included
diverticulitis, inflammatory bowel disease, infectious entero-
colitis, and ischaemic enterocolitis. Haemodynamic instability
was defined as hypotension (systolic pressure ˂ 100 mmHg)
and/or tachycardia (heart rate ˃ 100 beats/min). Superselective
embolisation was defined as fewer than three embolised vasa
recta. Parent artery refers to the origin of the affected branch
including the superior mesenteric artery (SMA), inferior mes-
enteric artery (IMA), and internal iliac artery (IIA).

Angiography and Embolisation Technique

The right common femoral artery was used for ultrasound-
guided access under local anesthesia. A 5-F vascular access
sheath (Terumo) was inserted into the right common femoral
artery. A 0.035-inch hydrophilic guide wire (Terumo) and a 5-
F angiographic catheter (RHR catheter; Cook Medical) were
used to image the SMA and IMA. When rectal bleeding was
suspected, a bilateral IIA angiographic image was obtained.

Once the active bleeding focus was located, a 2.0-F
microcatheter (Progreat Alpha, Terumo) was advanced coax-
ially for superselective embolisation. For embolisation, vari-
ous materials including N-butyl cyanoacrylate (NBCA) glue
(Histoacryl; B. Braun), absorbable gelfoam sponge particles
(Spongostan; Ferrosan), or microcoils (Tornado or
Micronestor, Cook) were used according to the following con-
ditions. NBCAwas used as a primary embolic agent when a
bleeding branch was superselected with a microcatheter. The
tip of the microcatheter was advanced as close as possible to

the bleeding focus and wedged into the target artery whenever
possible. Afterwards, the NBCA mixture with lipiodol
(Guerbet) was injected under fluoroscopy monitoring to
embolise the selected vessel (Fig. 2). The ratio of the mixture
was 1:1 to 1:3, depending on the distance between the bleed-
ing focus and the tip of the microcatheter: we diluted the
mixture more for longer distances to prevent premature poly-
merisation of the NBCA. If the bleeder could not be
superselected, absorbable gelfoam sponge or microcoils were
used as primary embolic agents (Fig. 3). After embolisation,
completion angiography was performed to check the extent of
embolisation and ensure complete occlusion of the bleeding
arteries.

Technical and clinical outcomes

Technical success was defined as the complete cessation of
blood flow from the bleeding artery. Technical failure was
defined as follows: (i) spontaneous cessation of bleeding as
a result of arterial spasm during guidewire or catheter negoti-
ation; (ii) inability to perform embolisation because of con-
cerns about non- target embol isa t ion (fa i lure of
superselection); (iii) inability to reach the target vessel due to
stenosis or occlusion at the proximal portion of the vessel
being treated. Clinical success was defined as the absence of
the following within 30 days of TAE: recurrent bleeding, in-
hospital mortality, or a major complication as a result of sur-
gical resection. Recurrent bleeding was defined as the pres-
ence of bleeding signs that required immediate treatment with-
in 30 days of embolisation. Complications were classified as
either major or minor according to the guidelines of the
Society of Interventional Radiology Standards of Practice
Committee [14]. In-hospital mortality was defined as death
from any cause during the admission period associated with
the TAE procedure.

Clinical signs and symptoms, including haemodynamic in-
stability, melena/haematochezia, and laboratory findings,
were investigated during the admission period for evaluation
of recurrent bleeding. Additional treatments for patients with
recurrent bleeding included repeated TAE, endoscopic
haemostasis, surgery, or conservativemanagement. In patients
who developed abdominal pain, distension, and/or tenderness
after embolisation, a contrast-enhanced CT scan or colonos-
copy was performed to assess post-procedural complications,
such as bowel ischaemia or infarction.

Statistical analysis

All statistical analyses were performed using SPSS version
23.0 for Windows (SPSS Inc.). Predictors for recurrent bleed-
ing, major complications, and in-hospital mortality were eval-
uated using univariate and multivariate logistic regression
analyses. Variables with a p-value lower than 0.1 in the
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univariate analysis were selected for multivariate analysis. A
two-sided p-value ˂ 0.05 was considered statistically signifi-
cant. The odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated.

Results

Patient characteristics

During the period from December 2005 to April 2017, 134
patients (mean age, 59.7; range, 14–82) underwent TAE for
LGIB. Table 1 shows the patients’ baseline characteristics.
Before TAE, 69 patients (51.5%) had positive findings for
active bleeding on contrast-enhanced CT scans, and 26
(19.4%) were diagnosed using endoscopy. The remaining 39
patients (29.1%) underwent immediate angiography. Bleeding
foci were located in the small bowel in 74 patients (55.2%),
colon in 35 (26.1%), and rectum in 25 (18.7%). Enterocolitis
was the most common cause of colonic (45.7%) and rectal
bleeding (48%). However, the most common cause of small
bowel bleeding was unknown (31.1%). The incidence of

coagulopathy was relatively higher in small bowel bleeding
(21.6%) than in colorectal bleeding (11.7%), but the differ-
ence was not statistically significant (p = 0.129).

Technical and clinical outcomes

Procedure details are summarised in Table 2. Technical suc-
cess was achieved in 127 patients (94.8%). Of the seven tech-
nical failures (5.2%), superselection was not feasible in three
patients, who subsequently underwent surgery. In two pa-
tients, embolisation was not attempted because the bleeding
foci disappeared as a result of vasospasm during the selection
of the feeding artery. Angiography of the remaining two pa-
tients with rectal bleeding revealed bilateral IIA occlusion
with fine collateral supply from an external iliac artery,
resulting in technical failure; these patients were treated with
repeated endoscopic haemostasis (n=1) or surgery (n=1).

Clinical outcomes are summarised in Table 3. Clinical suc-
cess was achieved in 80 out of 127 patients (63%). Recurrent
bleeding occurred in 31 patients (27.9%) within 30 days
among 111 patients (16 of the 127 patients were excluded
because their follow-up periods were less than 30 days).

Fig. 2 A 71-year old woman
taking warfarin after coronary
artery stent insertion presented
with haematochezia. (a) Contrast-
enhanced CT scan showed the
active bleeding focus at the pelvic
small bowel (arrow). (b) Superior
mesenteric artery angiography
demonstrated extravasation of
contrast medium into the lumen
of the ileum (arrow). (c) The
feeding artery was superselected
with microcatheter (arrowhead)
and successfully embolised with a
mixture of NBCA and lipiodol at
a 1:2 ratio. (d) Angiogram
obtained after NBCATAE
showed NBCA and lipiodol casts
(open arrow) in one vasa rectum
and two branches. The patient
stabilised after TAE without
recurrent bleeding or
complications
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Fig. 3 A 65-year old female
presented with haematochezia of
unknown aetiology. (a) Contrast-
enhanced CT scan showed an
active bleeding focus at the pelvic
small bowel (arrow). (b)
Angiography demonstrated
extravasation of contrast medium
at the ileal branch of the superior
mesenteric artery (arrow). (c) A
microcatheter was advanced to
the target artery, and gelfoam
particle embolisation was
performed. Angiogram obtained
after TAE shows > 3 vasa recta
were embolised (arrowhead). (d)
Patient had abdominal pain 2 days
after TAE, and small bowel
infarction was revealed on
contrast-enhanced CT scan (open
arrow). Patient underwent
segmental resection of small
bowel and transmural infarction
was confirmed on pathologic
examination

Table 1 Patients’ Baseline
Characteristics Characteristics Total (N=134) Small bowel (n=74) Colon (n=35) Rectum (n=25)

Age, y (range) 59.1 (14-82) 57.7 (14-82) 59.6 (35-80) 66.2 (45-81)

Sex

Male (%) 89 (66.4) 52 (70.3) 23 (65.7) 14 (56)

Female (%) 45 (33.6) 22 (29.7) 12 (34.3) 11 (44)

Aetiology of bleeding

Enterocolitis (%) 46 (34.3) 18 (24.3) 16 (45.7) 12 (48)

Vascular disease (%) 10 (7.5) 7 (9.5) 2 (5.7) 1 (4)

GI surgery complication (%) 23 (17.2) 18 (24.3) 5 (14.3) 0 (0)

Malignancy (%) 8 (6) 3 (4.1) 3 (8.6) 2 (8)

Endoscopic procedure (%) 7 (5.2) 5 (6.8) 2 (5.7) 0 (0)

Unspecified (%) 40 (29.9) 23 (31.1) 7 (20) 10 (48)

Coagulopathy (%) 23 (17.2) 16 (21.6) 5 (14.3) 2 (8)

Haemodynamic instability (%) 109 (81.3) 60 (81.1) 29 (82.9) 20 (80)

pRBC transfusion (%) 121 (90.3) 69 (93.2) 29 (82.9) 24 (96)

Inotropic use (%) 47 (35.1) 25 (33.8) 8 (22.9) 7 (28)

Haemoglobin, g/dL (range) 7.05 (3.5-12.5) 6.89 (4.1-10.9) 7.49 (4.4-11.5) 6.97 (3.5-12.5)

Diagnosis of focus

Contrast-enhanced CT (%) 69 (51.5) 38 (51.4) 22 (62.9) 9 (36)

Endoscopy (%) 26 (19.4) 8 (10.8) 3 (8.6) 15 (60)

Clinical (%) 39 (29.1) 28 (37.8) 10 (28.6) 1 (4)

GI = gastrointestinal, pRBC = packed red blood cells, CT = computed tomography
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These patients were treated with repeated TAE (n=6), endo-
scopic haemostasis (n=10), surgery (n=7), or conservative
medical treatment (n=8). Major complications after TAE oc-
curred in 23 of 124 patients (18.5%): three of the 127 patients
were excluded because of early deaths within 30 days not
associated with complications. The severity of major compli-
cations was classified based on contrast-enhanced CT findings
[15]. Ten patients had transient bowel ischaemia managed

with conservative treatment, and these patients were included
in the clinical success category. By contrast, the remaining 13
patients with transmural bowel infarction underwent surgery
(n=10) or died (n=3) within 30 days. The overall in-hospital
mortality rate was 26% (33 of 127 patients). Thirteen of 33
(39.4%) deaths were related to recurrent bleeding, and three
patients (9.1%) died of complications after TAE. The remain-
ing 17 patients (51.5%) died due to underlying conditions,

Table 2 Embolisation Details in
Patients with Technical Success Total (N=127) Small bowel (n=72) Colon (n=33) Rectum (n=22)

Number of embolised vasa recta

1 51 (40.2) 27 (37.5) 11 (33.3) 13 (59.1)

2 28 (22.4) 18 (25) 7 (21.2) 3 (13.6)

3 4 (3.1) 4 (5.6) 0 (0) 0 (0)

> 3 44 (34.6) 23 (31.9) 15 (45.5) 6 (27.3)

Embolisation material

NBCA 81 (63.8) 43 (59.7) 20 (60.6) 18 (81.8)

Gelatin sponge particles 38 (29.9) 25 (34.7) 9 (27.3) 4 (18.2)

Microcoil 8 (6.3) 4 (5.6) 4 (12.1) 0 (0)

Numbers in parentheses are percentages

NBCA = N-butyl cyanoacrylate

Table 3 Clinical Outcomes According to Organ and Embolisation-related Factors

Clinical success Recurrent bleeding* Major complication†

Total Conservative treatment Surgery or death

Total (N=127) 80 (63) 31/111 (27.9) 23/124 (18.5) 10 (8.1) 13 (10.5)

Small bowel (n=72) 46 (63.9) 15/61 (24.6) 15/70 (21.4) 5 (7.1) 10 (14.3)

Colon (n=33) 21 (63.6) 7/28 (25) 6/33 (18.2) 3 (9.1) 3 (9.1)

Rectum (n=22) 13 (59.1) 9/22 (40.9) 2/21 (9.5) 2 (9.5) 0

Angiographic finding

Extravasation (n=96) 66 (68.8) 20/86 (23.3) 15/94 (16) 6 (6.4) 9 (9.6)

Others (n=31)‡ 14 (45.2) 11/25 (44) 8/30 (26.7) 4 (13.3) 4 (13.3)

Embolisation material

NBCA (n=81) 60 (74.1) 14/74 (18.9) 9/80 (11.3) 3 (3.8) 6 (7.5)

Gelfoam sponge particles (n=38) 15 (39.5) 16/31 (51.6) 13/37 (35.1) 7 (18.9) 6 (16.2)

Microcoil (n=8) 5 (62.5) 1/6 (16.7) 1/7 (14.3) 0 1 (14.3)

Number of embolised vasa recta

1 (n=50) 41 (82) 9/50 (18) 1/50 (2) 1 (2) 0

2 (n=28) 22 (78.6) 5/27 (18.5) 3/28 (10.7) 2 (7.1) 1 (3.6)

3 (n=5) 3 (60) 0/3 (0) 1/4 (25) 0 1 (25)

> 3 (n=44) 14 (31.8) 17/31 (54.8) 18/42 (42.9) 7 (16.7) 11 (26.2)

Numbers in parentheses are percentages

NBCA = N-butyl cyanoacrylate

*Total number of patients with recurrent bleeding was 111 after the exclusion of 16 patients with follow-up periods shorter than 30 days

† Total number of patients with major complication was 124 after the exclusion of 3 patients with early deaths within 30 days not associated with
complications

‡ Pseudoaneurysm, vascular blush and angiodysplasia
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including malignancy (n=6), cardiovascular disease (n=6),
disseminated intravascular coagulopathy (n=3), or pneumonia
(n=2), despite successful TAE.

Predictors of outcomes

Tables 4 and 5 show associations of selected clinical and techni-
cal parameters with clinical outcomes. Univariate analysis
showed that superselective embolisationwas related to decreased
recurrent bleeding (OR, 0.258; 95%CI, 0.103-0.642; p = 0.004),
major complications (OR, 0.087; 95% CI, 0.029-0.258; p ˂
0.001), and in-hospital mortality (OR, 0.319; 95% CI, 0.140-

0.724; p = 0.006). The use of NBCAwas associated with lower
rates of recurrent bleeding (OR, 0.313; 95%CI, 0.129-0.760; p =
0.01) and major complications (OR, 0.272; 95% CI, 0.106-
0.695; p = 0.007). In terms of the parent artery, bleeding foci
originating from the SMAwere associated with a lower recurrent
bleeding rate (OR, 0.369; 95% CI, 0.145-0.939; p = 0.036).

In-hospital mortality was associated with recurrent bleeding
(OR, 3.229; 95% CI, 1.331-7.833 ; p = 0.01), GI surgery com-
plication (OR, 2.670; 95% CI, 1.006-7.087; p = 0.045), malig-
nancy (OR, 10.222; 95% CI, 1.950-53.590; p = 0.006), haemo-
dynamic instability (OR, 10.971; 95% CI, 1.421-84.684; p =
0.022), blood transfusion (OR, 1.402; 95% CI, 1.249-1.575; p

Table 4 Univariate Analysis of Various Prognostic Factors for Clinical Outcomes

Recurrent bleeding (n=111) Complication (n=124) In-hospital mortality (n=127)

Characteristics yes no OR (95% CI) p-
value

yes no OR (95% CI) p-
value

yes no OR (95% CI) p-
value

Aetiology
Enterocolitis
Yes 9 29 0.882 (0.354-2.197) 0.332 5 37 0.480 (0.165-1.401) 0.180 9 34 0.662 (0.276-1.586) 0.355
No 19 54 18 64 24 60

Malignancy
Yes 2 3 2.051 (0.325-12.956) 0.445 2 5 1.829 (0.332-10.074) 0.488 6 2 10.222 (1.950-53.590) 0.006
No 28 83 21 96 27 92

Recent GI surgery
Yes 5 15 0.986 (0.322-3.012) 0.980 3 18 0.647 (0.174-2.404) 0.516 9 13 2.670 (1.006-7.087) 0.045
No 23 68 20 82 24 81

Coagulopathy
Yes 6 12 1.614 (0.542-4.802) 0.390 4 16 1.118 (0.336-3.725) 0.855 7 13 1.745 (0.628-4.850) 0.320
No 22 71 19 85 26 81

Haemodynamic instability
Yes 21 66 0.773 (0.282-2.117) 0.616 19 80 1.247 (0.383-4.060) 0.714 32 70 10.971 (1.421-84.684) 0.022
No 7 17 4 21 1 24

Transfusion
Yes 27 72 4.125 (0.508-33.496) 0.185 21 91 1.154 (0.235-5.662) 0.860 33 82 1.402 (1.249-1.575) 0.033
No 1 11 2 10 0 12

Inotropic use
Yes 13 24 2.131 (0.883-5.143) 0.093 9 33 1.325 (0.520-3.374) 0.556 18 26 3.138 (1.381-7.132) 0.006
No 15 59 14 68 15 68

Haemoglobin
< 7 18 38 2.031 (0.838-4.921) 0.117 10 55 0.643 (0.258-1.603) 0.344 24 43 3.163 (1.329-7.526) 0.009
≥ 7 10 44 13 46 9 51

Angiographic finding
Extravasation 18 68 0.397 (0.153-1.031) 0.055 15 80 0.492 (0.184-1.316) 0.158 23 73 0.662 (0.273-1.606) 0.361
Other 10 15 8 21 10 21

Bleeding focus
Small bowel 12 49 0.156 15 56 0.465 18 54 0.959
Colon 7 21 1.361 (0.470-3.941) 0.570 6 25 0.373 (0.078-1.779) 0.216 9 24 1.125 (0.442-2.861) 0.805
Rectum 9 13 2.827 (0.981-8.149) 0.054 2 20 0.417 (0.076-2.292) 0.314 6 16 1.125 (0.382-3.310) 0.831

Superselective embolisation
Yes 14 66 0.258 (0.103-0.642) 0.004 5 77 0.087 (0.029-0.258) <0.001 15 68 0.319 (0.140-0.724) 0.006
No 14 17 18 24 18 26

Embolisation material
Glue 13 61 0.313 (0.129-0.760) 0.010 9 71 0.272 (0.106-0.695) 0.007 17 64 0.498 (0.222-1.118) 0.091
Other 15 22 14 30 16 30

Parent artery
SMA 17 67 0.369 (0.145-0.939) 0.036 21 76 3.454 (0.756-15.779) 0.110 23 75 0.583 (0.238-1.429) 0.238
IMA or IIA 11 16 2 25 10 19

OR = odds ratio, CI = confidence interval, GI = gastrointestinal, SMA = superior mesenteric artery, IMA = inferior mesenteric artery, IIA = internal iliac
artery
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= 0.033), inotropic use (OR, 3.138; 95% CI, 1.381-7.132; p =
0.006), or a haemoglobin level ˂ 7 g/dL before TAE (OR, 3.163;
95% CI, 1.329-7.526; p = 0.009). There was no significant as-
sociation betweenmean ages andmajor complication rate and in-
hospital mortality rate. Also, there was no significant difference
in clinical outcomes between patients with coagulopathy and
those with normal coagulation status. Results from multivariate
analysis showed that superselective embolisation had negative
associations with recurrent bleeding (OR, 0.295; 95% CI,
0.111-0.779; p = 0.014) and major complications (OR, 0.094;
95%CI, 0.027-0.320; p ˂ .001). The presence of recurrent bleed-
ing (OR, 3.330; 95% CI, 1.161-9.551; p = 0.025), GI surgery
complication (OR, 3.273; 95% CI, 1.078-9.940; p = 0.036), ma-
lignancy (OR, 14.165; 95% CI, 1.962-102.289; p = 0.009), and
haemodynamic instability (OR, 12.846; 95% CI, 1.478-111.663;
p = 0.021) were independently related to in-hospital mortality.

Discussion

The present study of 134 patients is one of the largest studies
describing the technical and clinical success rates for TAE for
LGIB as well as the predictors associated with clinical

outcomes. The rate of technical success was 94.8% (127/
134), and the rates of recurrent bleeding, major complications,
and in-hospital mortality were 27.9% (31/111), 18.5% (23/
124), and 23.6% (33/127), respectively.

Recently, the development of microcatheters and
guidewires has allowed superselection of vessels during the
TAE procedure. Previous studies reported high technical suc-
cess rates of TAE for LGIB (89.5–100%) [3, 7, 8, 11, 16–24].
In our study, the technical success rate was 94.8%. One of the
major causes of technical failure was vasospasm during cath-
eterisation and subsequent disappearance of the bleeding fo-
cus of a target vessel. Vasospasm normally resolves in a few
minutes with catheter tip adjustment, and then the bleeding
focus can be visualised [5]. In the present study, vasospasm
occurred in two patients and subsided within a few minutes.
However, bleeding stopped spontaneously, thus TAE was not
performed, which was considered a technical failure.

The overall recurrent bleeding rate in our study was
27.9%, which is comparable to those reported in previous
studies (8.8-26%) [3, 7, 8, 11, 16–24]. In the present
study, superselective embolisation was independently cor-
related with recurrent bleeding (OR, 0.295; p = 0.014).
One possible explanation is that non-superselective embo-
lisation may lead to proximal vessel embolisation, if par-
ticulate embolic materials (gelfoam sponge or PVA) or
microcoils are too large or if NBCA is premature
polymerised. In such instances, recurrent bleeding from
collateral vessels can occur. Therefore, superselective em-
bolisation is important not only to reduce complication
rates but also to reduce recurrent bleeding.

In the present study, although the use of NBCAwas asso-
ciated with lower rates of recurrent bleeding, there was no
independent relationship (OR, 0.739; p = 0.614).
Nevertheless, NBCA has several advantages as an embolic
agent for LGIB. First, NBCA can be delivered through a
smaller microcatheter than that used for particulate agents or
microcoils, which makes it easier to perform superselective
embolisation of a small-branch bleeding focus [25]. Second,
it can be delivered distally of the tip of the microcatheter and
occlude a bleeding focus that is inaccessible with the
microcatheter because of small diameter, tortuosity, stenosis,
or spasm of the target artery [24, 25]. Third, although gelfoam
sponge or microcoils are known as safe embolic materials,
they have a higher recanalisation rate than NBCA [28]. The
recurrent bleeding rate of TAE with NBCA for LGIB was
reported to range from 4.7 to 21.4% [16, 24, 26, 27]. In the
present study, the recurrent bleeding rate of the NBCA group
was 17.5%.

Coagulopathy is associated with recurrent bleeding after
TAE for acute gastrointestinal bleeding [24, 29–33]. When
gelfoam sponge, polyvinyl alcohol (PVA) particles, or
microcoils were used in patients with coagulopathy, the suc-
cessful bleeding control rates were between 43% and 46%

Table 5 Multivariate Analysis of Various Prognostic Factors for
Clinical Outcomes

Adjusted OR (95% CI) p-value

Recurrent bleeding

Inotropics use 2.418 (0.883-6.618) 0.086

Angiographic findings 0.511 (0.149-1.751) 0.286

Bleeding focus

Small bowel Reference 0.769

Colon 0.621 (0.044-8.715) 0.724

Rectum 0.482 (0.049-4.735) 0.531

Superselective embolisation 0.295 (0.111-0.779) 0.014

Embolisation materials (NBCA) 0.463 (0.127-1.687) 0.243

Parent artery (SMA) 0.285 (0.101-0.805) 0.018

Complication

Superselection embolisation 0.094 (0.027-0.320) <0.001

Embolisation materials (NBCA) 0.779 (0.255-2.501) 0.700

In-hospital mortality

Recurrent bleeding 3.330 (1.161-9.551) 0.025

Recent GI surgery 3.273 (1.078-9.940) 0.036

Malignancy 14.165 (1.962-102.289) 0.009

Haemodynamic instability 12.846 (1.478-111.663) 0.021

Transfusion 2.268 (0.480-4.718) 0.301

Haemoglobin level (< 7) 1.713 (0.612-4.798) 0.305

Superselective embolisation 0.434 (0.133-1.421) 0.168

Embolisation materials (NBCA) 1.102 (0.328-3.707) 0.875

OR = odds ratio, CI = confidence interval, SMA = superior mesenteric
artery, GI = gastrointestinal
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[33, 34]. Yonemitsu et al reported that the recurrent bleeding
rate was significantly higher in the gelfoam sponge group
(23.1%) than in the NBCA group (0%) [31]. This is because
gelfoam sponge, PVA particles, and microcoils rely on pa-
tients’ coagulation status for occlusion of the vessel. By con-
trast, NBCA polymerises immediately upon contacting blood
and occludes the vessel, regardless of the patient’s coagulation
status [16, 24]. In our study, the recurrent bleeding rate in
patients with coagulopathy was 33.3% (6 of 18 patients),
and there was no statistical significance when compared with
patients with normal coagulation status (OR, 1.614; p =
0.390). Possible explanation is that NBCA is effective for
treatment of LGIB in patients with coagulopathy. In terms of
embolic agents, of the six patients with recurrent bleeding,
NBCA was used in one patient, and other embolic agents,
including gelfoam (n=4) and microcoils (n=1), were used in
five patients. By contrast, of 12 patients without recurrent
bleeding, NBCAwas used in 11 patients, and gelfoam sponge
was used in one patient. As a result, the recurrent bleeding rate
was significantly lower in the NBCA group than in the other
embolic agent groups (OR, 55.000; p = 0.001) in the presence
of coagulopathy.

In the present study, LGIB originating from the SMA
branches was associated with significantly better outcomes
than LGIB originating from the IMA or IIA branches (OR,
0.033; p = 0.036). This finding can be explained by greater
collateral circulation in the IMA or IIA region compared with
the SMA region. For example, the rectum is fed by rich col-
lateral blood flow from the IMA and IIA or middle sacral
artery, resulting in clinical failures.

The overall complication rate in the present study was
18.3%, which is slightly higher than that reported in previous
studies (3.3-15.0%) [16, 24, 26, 27, 35]. The complication rate
may be overestimated since major complications were classi-
fied as patients who required treatment with hospitalisation
after TAE regardless of whether they were treated with con-
servatively management or not. Indeed, 10 patients were in-
cluded in the major complication category, despite complete
recovery after conservative management for transient bowel
ischaemia and absence of recurrent bleeding.

Superselective embolisation for GIB is one of the important
factors related to complications. In particular, LGIB requires
superselective embolisation because collateral circulation is
less plentiful than in the upper gastrointestinal tract; thus,
ischaemic complications are more likely to occur [26]. In pre-
vious studies, superselective embolisation involving three or
fewer feeding arteries for LGIB was reported to be relatively
tolerable with silent or self-limiting complications [9–11].
This is in line with our findings that the major complication
rate was significantly lower in the superselective embolisation
group (OR, 0.087; p < 0.001).

The major complication rate of TAE with NBCA was
11.3%, which was significantly lower than in the other

embolic agent groups (OR, 0.272; p = 0.007). Possible expla-
nations comprise the following: (i) the viscosity and speed of
polymerisation of NBCA prevented the agent from traveling
too distally into the capillary bed, and the circulation to the
post-embolic tissue can be preserved by collateral channels in
the intramural microcirculation [26]. (ii) NBCA prevented
non-target embolisation because it was easier to control under
fluoroscopy monitoring than gelfoam sponge or microcoils.
(iii) As mentioned above, TAE with NBCA was performed
superselectively in a majority of cases (67 of 80 patients).

Overall in-hospital mortality rate after TAE was
24.2% in our study and was similar to that reported in
previous studies (9–27%) [3, 5, 18, 24, 32]. Many fac-
tors are known to affect mortality after TAE. One of the
most important factors is recurrent bleeding [3, 5, 36,
37]. Dempsey et al reported that the mortality rate de-
creased by 50% when there was no evidence of recur-
rent bleeding [37]. In our study, the mortality rate was
41.9% in patients with recurrent bleeding (13 of 31
patients), which was significantly higher than the mor-
tality rate in patients without recurrent bleeding (OR,
3.229; p = 0.01). In addition, superselective embolisa-
tion was a significant prognostic factor of not only in-
hospital mortality (OR, 0.319; p = 0.006) but also re-
current bleeding.

Haemodynamic instability, low haemoglobin levels,
blood transfusions, and inotropic use are associated with
recurrent bleeding, which results in increased in-hospital
mortality [5, 36, 38, 39]. Defreyne et al reported that
survival was inversely correlated with pre-embolisation
clinical parameters, such as shock therapy, blood transfu-
sion, and decrease in haemoglobin concentration [5]. Our
results also indicated that the presence of haemodynamic
instability was a significant prognostic factor for in-
hospital mortality (OR, 10.971; p = 0.022). Other prog-
nostic factors were recent surgery (OR, 2.670; p = 0.045)
and underlying malignancy (OR, 10.222; p = 0.006),
which support other studies [3, 5, 24, 36].

The current study has a few limitations. First, this study has
a retrospective design. Second, the embolic agent was not
randomly chosen. Further study is warranted to compare out-
comes based on randomised selection of embolic materials.
Third, colonoscopy or CT scan was not performed in all pa-
tients after TAE, and some ischaemic complications without
clinical symptoms may have been missed. However, compli-
cations without clinical symptoms are classified as a minor
complication and are considered to have no effect on clinical
outcomes of the patients.

In conclusion, TAE is a safe and effective treatment modal-
ity for LGIB. In addition, NBCA potentially could be a pre-
ferred embolic material. Moreover, whenever possible,
superselective embolisation should be used to avoid major
complications and reduce recurrent bleeding.
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