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Abstract
Purpose: This study was designed to evaluate the efficacy and safety of nonselective bilateral embolization

of the internal iliac arteries (IIAs) with n-butyl-2-cyanoacrylate (NBCA) in hemodynamically unstable pa-

tients with pelvic fractures.

Material and Methods: Twelve patients underwent nonselective bilateral embolization of the IIAs using

NBCA diluted with lipiodol at our institution between January 2004 and March 2014. We analyzed the time

of bilateral occlusion of the IIAs, the time from admission to entrance into the interventional radiology room,

the need for repeat embolization, outcomes, cause of death, follow-up period, and complications.

Results: The mean duration of bilateral occlusion of the IIAs was 17 min (range, 4-34 min), and the mean

time from admission to entrance into the interventional radiology room was 89 min (range, 28-168 min). All

patients underwent technically successful embolization. Repeat embolization was required after treatment in

three patients. The mortality rate was 33.3%. Complications after embolization were suspected in one patient.

Conclusions: Nonselective bilateral embolization of IIAs with NBCA could be a choice of treatment for

hemodynamically unstable patients with severe pelvic fracture hemorrhage.
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Introduction

Pelvic fracture with significant hemorrhage is often the

result of high-energy trauma, such as traffic accidents or

falls from a height, and is associated with a high mortality

rate [1]. In hemodynamically unstable patients with pelvic

fracture, the internal iliac artery (IIA) is often the source of

bleeding, and transarterial embolization (TAE) is an effective

treatment [2, 3]. Selective embolization is performed when

bleeding is localized and when time permits, whereas nonse-

lective embolization is commonly performed in patients with

multiple bleeding sites and is less time-consuming [4]. Non-

selective bilateral embolization is also performed for patients

with severe injury involving multiple bleeding sites and is a

widely accepted procedure without serious complications

[5].

Patients with multiple injuries require immediate hemosta-

sis and considerable care for trauma-induced coagulopathy,

which is associated with dilution, hypothermia, acidemia-

associated dysfunction, or consumption of coagulation pro-

teases, and the injury itself [6]. Velmahos et al. [7] reported

that nonselective embolization of IIAs with gelatin sponge

was not effective in some patients with coagulopathy and

hemorrhage. In contrast, another study showed that n-butyl-

2-cyanoacrylate (NBCA) diluted with Lipiodol (NBCA-Lip)

was more effective and feasible than gelatin sponge particles

in TAE for achieving hemostasis in patients with coagulopa-
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Figure　1.　Flow chart of patient selection. Of the 50 patients who underwent transarterial emboli-
zation, we excluded 19 patients in whom selective and/or unilateral embolization was performed and 
19 patients treated with embolic agents other than n-butyl-2-cyanoacrylate (NBCA) diluted with 
Lipiodol (NBCA-Lip), such as gelatin sponge particles or steel coil, regardless of any combination 
with NBCA-Lip. The remaining 12 patients who underwent nonselective bilateral embolization of the 
internal iliac arteries with only NBCA-Lip were included.

thy [8-11]. Based on these findings, we have often used

NBCA-Lip for active bleeding in patients with coagulo-

pathic conditions in various situations. Particularly, in hemo-

dynamically unstable and coagulopathic patients with pelvic

fracture, we usually perform nonselective bilateral emboliza-

tion with NBCA-Lip.

To our knowledge, no study has been conducted to exam-

ine the efficacy and safety of nonselective bilateral emboli-

zation of IIAs with NBCA-Lip in patients with pelvic frac-

tures.

Material and Methods

Patient selection

This retrospective study was performed to identify and

analyze all cases of non-selective embolization of bilateral

IIAs with NBCA-Lip performed at our institution from

January 2004 to March 2014 to treat hemorrhage resulting

from pelvic fracture. Our search revealed 50 consecutive pa-

tients who underwent TAE for pelvic fractures caused by

blunt trauma. We excluded 19 patients who underwent selec-

tive embolization and/or unilateral embolization of the IIA.

Another 19 patients were excluded because other emboliza-

tion agents were used (gelatin sponge particles or steel coil),

regardless of any combination with NBCA-Lip. Thus, this

retrospective analysis included 12 patients who underwent

non-selective bilateral embolization of the IIAs with NBCA-

Lip alone (Fig. 1). The study design was approved by our

institutional review board. The requirement for informed

consent was waived because of the retrospective nature of

the study.

General management (of serious traumatic injuries)

and indication for TAE

Patients with serious traumatic injuries and shock under-

went a clinical assessment, chest and pelvic plain radio-

graphic examination, and focused assessment with sonogra-

phy. Patients who responded to initial fluid resuscitation un-

derwent contrast-enhanced computed tomography (CECT) to

detect signs of active bleeding and organ injuries and to de-

termine the most effective treatment plan. However, hemo-

dynamically unstable patients who did not respond to resus-

citation efforts underwent damage-control surgery or TAE in

the emergency department without CECT in select cases.

The indications for TAE for retroperitoneal hemorrhage

secondary to pelvic fracture were signs of active bleeding on

CECT, such as contrast extravasation and a pseudoaneu-

rysm; signs suspicious for active bleeding, such as dilation

of arteries on CECT in hemodynamically unstable patients,

or pelvic fracture on a pelvic radiograph in hemodynami-

cally unstable patients who could not be moved to the CT

room. Nonselective embolization was performed when angi-

ography showed multiple bleeding arteries or multiple vessel

injuries in hemodynamically unstable patients. The indica-

tions for NBCA were coagulopathy or bleeding disorders re-

quiring immediate treatment at the operator’s discretion.

Data analysis

The examined data included age, injury, coagulopathy,
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Abbreviated Injury Scale score, Injury Severity Score (ISS),

contrast extravasation, arteries with contrast extravasation,

organs with concomitant injury, clinical status, and preopera-

tive findings. Coagulopathy was defined as an international

normalized ratio >1.5, partial thromboplastin time >45 s,

platelet count <80,000/μL, and fibrinogen level <200 mg/dL

[12].

The evaluation parameters included the time required for

bilateral occlusion of the IIAs, time from admission to entry

into the interventional radiology (IR) room, NBCA dilution

rate, injection dose, repeat embolization, treatment outcome,

cause of death, follow-up period, and complications. The

time required for bilateral occlusion of the IIAs was defined

as the total treatment time from the digital subtraction angi-

ography (DSA) examination before NBCA-Lip injection to

the final DSA examination in which hemostasis of the bilat-

eral IIAs was confirmed.

Embolization technique

All TAE procedures underwent with common femoral ar-

terial approach. A 4- or 5-Fr sheath (Medikit Super Sheath;

Medikit Co., Tokyo, Japan) was inserted into the common

femoral artery. Pelvic arteriography was initially performed

using a 4-Fr pigtail catheter in the terminal aorta. The pig-

tail catheter was then removed, and a 4- or 5-Fr diagnostic

catheter was inserted into the contralateral IIA as the most

expedient method. Immediately after pelvic arteriography or

internal iliac arteriography, the bleeding sites and types of

arterial injuries were evaluated. When multiple distal bleed-

ing sites were identified, non-selective IIA embolization

with gelatin sponge particles was preferred to save time.

Furthermore, in patients with abnormal coagulation function

or requiring immediate treatment, non-selective IIA emboli-

zation with NBCA-Lip was performed. In these cases, a mi-

crocatheter (μ7; Terumo Corporation, Tokyo, Japan) was

then advanced into the IIA using a coaxial technique. The

microcatheter tip was positioned above the bifurcation of the

superior gluteal artery to avoid overflow into the external

iliac artery. Immediately before injection of NBCA-Lip, the

microcatheter was flushed with approximately 2.0 mL of 5%

dextrose solution to prevent early polymerization of NBCA.

Next, a solution of 1/4 to 1/8 NBCA-Lip was injected using

DSA. The low NBCA-Lip ratio (up to 1/4) was used for the

purpose of spreading diffusely depending on the operator’s

decision. When the NBCA-Lip had spread adequately, the

microcatheter was retracted to prevent catheter attachment to

the arterial wall and was subsequently flushed with a solu-

tion of Lipiodol and/or 5% dextrose to prevent microcatheter

obstruction with the NBCA-Lip. The diagnostic catheter was

then inserted into the ipsilateral IIA, and the microcatheter

was placed in the same position as the contralateral side.

TAE with NBCA-Lip was performed in the same way as on

the contralateral side. Adequate embolization was confirmed

using angiography (Fig. 2). Lumbar arteries and branches of

the external iliac artery were selected based on CT findings

and embolized when extravasation was apparent.

Endpoints

The endpoints were the success rate of embolization, mor-

tality rate and safety. The success rate was defined as the

confirmation that arterial bleeding had ceased distal to the

embolized area after the final procedure, as shown by DSA.

The safety was evaluated by assessing complications that re-

quired therapy in the pelvic region according to the Society

of Interventional Radiology classification [13].

Results

Table 1 lists the characteristics of the 12 patients (7 men

and 5 women; mean age, 42 years; range, 17-74 years). The

etiologies of pelvic fracture were traffic accidents (n = 4)

and falls from a height (n = 8). Eleven patients met our cri-

teria for coagulopathy. The mean ISS was 40. All patients

had multiple severe injuries with an ISS >24, corresponding

to potentially fatal conditions [14].

CECT was performed before TAE in 11 patients. Contrast

extravasation was observed in 10 of these patients, indicat-

ing active bleeding. One patient without contrast extravasa-

tion was also determined to require treatment because no

other obvious source of blood loss was found. One patient

underwent TAE without CECT because the severity of her

condition necessitated prompt treatment. Among the 12 pa-

tients, contrast medium extravasation was observed in the

inferior gluteal artery in five (41.7%), superior gluteal artery

in three (25.0%), inferior vesical artery in two (16.7%), lat-

eral sacral artery in two (16.7%), iliolumbar artery in one

(8.3%), and pudendal artery in one patient (8.3%).

All patients had concomitant injuries, including injuries to

the lung, liver, spleen, kidney, adrenal gland, bladder, dia-

phragm, and vertebrae, as well as subarachnoid hemorrhage,

subdural hemorrhage, and aortic injury.

Table 2 summarizes the procedures and results of each

patient. The mean time required for bilateral occlusion of

the IIAs was 17 min (range, 4-34 min), which was calcu-

lated from the time of DSA before and after the NBCA-Lip

injection. The mean time from admission to entrance into

the IR room was 89 min (range, 28-168 min).

NBCA-Lip was diluted with iodized oil (dilution range: 1/

4-1/8 mL) via the right IIA, and 1.3 mL (range, 0.6-2.3 mL)

was administered via the right IIA and 1.2 mL (range, 0.6-

2.0 mL) via the left IIA. The NBCA-Lip dilution ratio was

not recorded in one case, and the injection dose was not re-

corded in another case.

All patients underwent technically successful emboliza-

tion. The IIA bleeding ceased distal to the embolized area

after the final procedure. However, three patients (37.5%;

patients 4, 6, and 12) of the eight patients who survived be-

yond 24 h required repeat embolization using NBCA-Lip

within 24 h after the initial procedure because extravasation

was observed on CECT. Two of the 12 patients (16.7%; pa-

tients 3 and 11) required repeat embolization during the pro-

cedure because of recanalization; repeat embolization suc-
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Figure　2.　Imaging findings. (a) DSA of the left IIA shows vascular disruptions and calibre irregu-
larities. (b) DSA of the left IIA shows NBCA injection from the main trunk of the left IIA. (c) DSA of 
the right IIA shows vascular disruptions and calibre irregularities. (d) DSA of the right IIA shows 
NBCA injection from the main trunk of the left IIA. (e) Adequate embolization was confirmed via 
pelvic angiography. DSA, digital subtraction angiography; IIA, internal iliac artery; NBCA, n-butyl-
2-cyanoacrylate
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cessfully resolved the bleeding in these patients.

In Patient 4, despite the disappearance of arterial bleeding

after the first procedure, the second angiographic examina-

tion showed recanalization of the right IIA and contrast ex-

travasation on the left side. The vessel responsible for bleed-

ing was the left external pudendal artery, which was then

embolized with NBCA-Lip. Furthermore, the right IIA was

re-embolized with NBCA-Lip, and the left fourth lumbar ar-

tery exhibited contrast extravasation and was therefore also

embolized. In Patient 6, pelvic arteriography showed com-

plete embolization of the bilateral IIAs, but contrast ex-

travasation was still present. DSA with selective injection

from the bilateral fourth lumbar arteries showed contrast ex-

travasation; therefore, these arteries were embolized with

NBCA-Lip. In Patient 12, the right pudendal artery was the

crucial bleeding artery. Although the NBCA-Lip spread to

the area of the bilateral IIAs, the material did not reach the

bleeding point; we considered that the injection of high

doses might have contributed to this. DSA showed no con-

trast extravasation after the procedure; however, selective ar-

teriography of the right pudendal artery showed contrast ex-

travasation during the second angiographic examination. Re-

peat embolization was required to reduce vascular spasm in

Patient 4, bleeding via a collateral branch in patients 4 and

6, and the inability of the embolic material to reach the

bleeding point in Patient 12.

Four of the 12 patients (Patients 1, 7, 8, and 11) died of

multiple organ failure or severe head injury within 24 h of

procedure completion. Thus, the mortality rate in this study

was 33.3%. The cause of death was traumatic subarachnoid

hemorrhage in patient 1. Asphyxia due to airway obstruction

or cardiac arrest was the suspected cause of death in patient

7. Hypovolemic shock due to multiple organ injury was the

cause of death in patient 8. Lung laceration with liver and
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Table　1.　Demographic data, clinical status, and findings before the procedure

Injury coagulopathy

Fall Yes

Fall Yes

TA Yes
TA Yes

Fall No

Fall Yes

Fall Yes
Fall Yes
Fall Yes
Fall Yes
TA Yes

TA Yes

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score; CT, computed tomography; DIC, disseminated intravascular coagulation; M, male; F, female; TA, traffic accident; Rt, Right, Lt, Left; SAH,
subarachnoid haemorrhage; SDH, subdural haemorrhage; N/A, not available.

Table　2.　Procedures and results

Time of bilateral
occlusion of IIA

Time from
admission to enter

the IR room

adrenal gland injury resulted in hypovolemic shock in pa-

tient 11. The mean follow-up period was 23 months (range,

3-84 months). A complication related to TAE (gluteal mus-

cle necrosis) was suspected in one of the eight surviving pa-

tients (12.5%). Gluteal muscle necrosis is a severe adverse

event in the Society of Interventional Radiology classifica-

tion and requires additional treatment under general anesthe-

sia [13]. Immediately thereafter, the patient underwent de-

bridement of the necrotic tissue, and reconstruction with a

musculocutaneous flap was performed 4 months later.

Discussion

This study assessed the efficacy and safety of nonselective

bilateral embolization of IIAs with NBCA. All patients un-

derwent technically successful embolization; however, the

mortality rate was 33.3%, reflecting the severity of the inju-

ries. Only one patient developed a complication. These re-

sults are important because nonselective bilateral emboliza-

tion of IIAs with NBCA could allow rapid hemostasis in se-

verely injured patients, and complications may be tolerable.

DSA showed that arterial bleeding had ceased after the fi-

nal TAE procedure in all patients; thus, the technical success

rate was 100% according to our definition. This result is

consistent with those of the previous studies, which reported

technical success rates of 96% to 100% [2, 15]. Moreover,

the mean time required for bilateral occlusion of the IIAs

was 17 min (range, 4-34 min). In a previous report, the

mean time from the beginning of needle puncture to catheter

removal was 63.3 min, and the shortest time was 22 min

when performing bilateral IIA occlusion with NBCA-Lip

[16]. Although the definition of this time period differs from

our definition, we infer that our procedure could have been

performed very quickly.

The mortality rate in this study was 33.3%; four patients

who underwent TAE died within 24 h after the procedure.

All four patients who died had life-threatening injuries, in

addition to retroperitoneal hemorrhage from pelvic fracture.
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The remaining eight patients survived to discharge. The pa-

tients in this study had sustained multiple injuries combined

with severe pelvic fracture and had a high mean ISS of 40

with a high rate of coagulopathy (11/12, 91.7%). In a previ-

ous study of severely injured patients that matched our study

(ISS of 38.6, 18/19 patients with coagulopathy), the total

survival rate was 72.1% [17]. The mortality rate in our

study was not inferior to that reported in this study. For

these severely injured patients, TAE with NBCA may have

contributed to rapid hemostasis and recovery from shock,

and may have been responsible for the low mortality rate.

The median time from admission to arrival in the IR room

was 86 min in the present study. Time from admission to

TAE was an important prognostic predictor. A previous

study showed that the mortality rate of patients who arrived

in the IR room within 3 h was 14%; however, this rate in-

creased to 75% after 3 h [2]. In another study, the mortality

rate of patients who arrived late in the IR room was higher

than that of those who arrived within 60 min [18]. The sur-

vival rate could be improved if the time to arrival in the IR

room could be shortened.

Repeat embolization was required within 24 h after the

initial treatment in three patients (37.5%). This rate of repeat

embolization is consistent with those of previous reports,

which ranged from 11.3% to 40.0% [19-22]. The causes of

the requirement for repeat embolization were presumed to

be reduction in vascular spasms, bleeding via a collateral

branch, and failure of the embolic material to reach the

bleeding point. The dilution rate of NBCA-Lip plays a ma-

jor role in this problem. At lower concentrations, thrombosis

might be inadequate, or the clot might dissolve prematurely.

However, at higher concentrations, proximal embolization

may occur. In this study, the dilution rate of NBCA-Lip was

1/4 to 1/8, which was intended to avoid proximal emboliza-

tion and allow the NBCA-Lip to flow extensively. In some

patients, the dilution of NBCA-Lip may have been too low

or high. Therefore, it is important to embolize the cells at

the optimal dilution.

One patient in the present study developed gluteal muscle

necrosis after treatment (incidence of 12.5%). Although the

number of patients was small, this rate was higher than the

rate of 3% to 6% reported in previous studies [23]. All pa-

tients in this study had sustained traumatic contusions to

some degree, and the initial traumatic contusion might have

contributed to the development of necrosis [24]. However,

nonselective bilateral embolization and NBCA-Lip may be

associated with an increased risk of complications. Previous

reports have suggested that bilateral embolization might in-

crease the complication rate [25] and that the powerful

ischemic effect of NBCA might cause tissue ischemia [26].

Therefore, the indications for this procedure should be care-

fully considered for each patient.

This study has several limitations. First, this was a retro-

spective case series conducted at a single institution. In par-

ticular, no comparison with other embolic materials has

been performed. Second, the sample size was small. Further-

more, the study population was reduced because of the

death of four patients within 24 h. In future, larger prospec-

tive studies comparing NBCA and other embolic materials

are required.

In conclusion, nonselective bilateral embolization of IIAs

with NBCA could be a treatment of choice for hemody-

namically unstable patients with severe pelvic fracture hem-

orrhage.
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