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Abstract This study was designed to compare the effi-

cacy of transcatheter arterial embolization (TAE) with

N-butyl cyanoacrylate (NBCA) or gelatin sponge particles

(GSP) for acute arterial bleeding in a coagulopathic con-

dition using a swine model. Four healthy swine were

divided into two coagulopathic conditions: mild and

severe. Five hemorrhages were created in each swine

(10 hemorrhages per coagulopathy). Mild coagulopathy

was achieved by bloodletting 10% of the total circulatory

whole blood and preserving activated clotting time (ACT)

less than 200 s (ACT \ 200 s state); severe coagulopathy

was achieved by bloodletting 30% and preserving ACT

[ 400 s (ACT [ 400-second state). For each state, of

ACT \ 200 s or ACT [ 400 s, TAE was conducted with

GSP or NBCA to control five hemorrhages arising from

artificially created renal and splenic injuries. Angiography

immediately after TAE with GSP or NBCA showed com-

plete occlusion in both coagulopathic conditions. In the

ACT \ 200-second state, follow-up angiography at

5–30 min after TAE with GSP or NBCA showed no evi-

dence of recurrent hemorrhage. In the ACT [ 400-second

state, follow-up angiography showed recurrent hemorrhage

in four (80%) of the five hemorrhages embolized with GSP

and in one (20%) of the five hemorrhages embolized with

NBCA. Microscopically, red thrombi were observed den-

sely surrounding GSP in mild coagulopathy but were

scarce in severe coagulopathy. In a condition with severe

coagulopathy, TAE with NBCA was more effective in

durability to cease active arterial bleeding than with GSP.

Keywords Interventional radiology �
Transcatheter arterial embolization � Coagulopathy �
N-butyl cyanoacrylate � Acute arterial bleeding

Introduction

No high-level scientific evidence exists to indicate that the

amount of bleeding from visceral organs affects the

patient’s outcome; however, the experience of physicians is

that uncontrolled hemorrhage is associated with poor out-

come and that control of hemorrhage is of utmost impor-

tance, being one of the prognostic determinants.

Transcatheter arterial embolization (TAE) has been per-

formed for the control of acute arterial bleeding with a

promising life-saving rate [1–6]. Both particles [2–6] and

N-butyl cyanoacrylate (NBCA) [7–15] are commonly used

as embolic materials for TAE, with increasing numbers of

reports describing the use of NBCA for visceral organs;

however, particles remain popular because they are easier

to maneuver. The embolization efficacy of NBCA and

particles remains a topic of controversy.

In treating patients with hemorrhage, coagulopathy

often is encountered, either as a direct effect of bleeding or

as an associated effect of the severity of injury. It is known

that patients with a coagulopathic condition have worse

outcome than patients of the same injury severity without a

clotting disturbance [16, 17]. No reports describe whether
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NBCA or particles are more effective for TAE in the

presence of coagulopathy.

The purpose of this study was to compare the efficacy of

NBCA and particles for TAE in a swine model of renal and

splenic injuries in a coagulopathic condition.

Materials and Methods

Approval by our Institutional Committee on Research

Animal Care was obtained before the study was initiated.

We used four healthy female swine weighing 52–55 kg.

The four swine were divided into two coagulopathic con-

ditions, with two swine per condition. Before TAE, we

designed two kinds of coagulopathic conditions that reflect

the clinical situations of emergent patients with mild or

massive hemorrhage: mild coagulopathic condition and

severe coagulopathic condition. Activated clotting time

(ACT; normal value, \120 s) was measured to indicate

coagulopathy.

The mild coagulopathic condition was achieved by

bleeding 10% of the total circulatory whole blood with no

infusion of heparin and was defined by having a state of

ACT \ 200 s (ACT \ 200-seconds state). A preliminary

study indicated that bloodletting of 10% caused no eleva-

tion of ACT values [ 200 s.

The loss of more than 40% of whole blood volume is

immediately life-threatening [16, 17]. In a condition of

ACT [ 400 s, extracorporeal circulation for artificial car-

diopulmonary pumping is known to be enabled because

whole blood loses its clotting ability in this condition

[18–20]. The severe coagulopathic condition was achieved

by bleeding 30% of total circulatory whole blood, and

heparin was infused to maintain the condition of

ACT [ 400 s (ACT [ 400 s state).

Renal and splenic injuries were created artificially; TAE

using gelatin sponge particles (GSP) or NBCA was then

conducted to control hemorrhage for each state (ACT \
200 s and ACT [ 400 s). Five hemorrhages were created

in each swine, with ten hemorrhages per coagulopathy

condition. In the state of ACT \ 200, four renal injuries

and one splenic injury were embolized with GSP; four

renal injuries and one splenic injury were embolized with

NBCA. In the state of ACT [ 400 s, four renal injuries and

one splenic injury were embolized with GSP; four renal

injuries and one splenic injury were embolized with

NBCA.

Preparation Before Arterial Hemorrhage

Preanesthesia was achieved with a combination of 5 mg/kg

of ketamine and 0.08 mg/kg of atropine sulfate. General

anesthesia was maintained with isoflurane gas via

intubation. Cardiac and respiratory parameters were mon-

itored throughout the procedures. Each swine underwent

laparotomy to create an artificial injury model in the

bilateral kidneys and spleen; 5-Fr sheaths (SuperSheath,

Medikit, Tokyo, Japan) were then inserted by direct

puncture into the bilateral femoral arteries and veins. The

arterial sheaths were used for catheterization and as an

arterial line (A line) for examining blood pressure, arterial

blood gas analysis, and ACT; the venous sheaths were used

for rapid infusion of extracellular fluid (Veen F, acetate

Ringer’s solution Kowa, Tokyo, Japan) and continuous

infusion of heparin. Catheterization of the renal and splenic

arteries was performed using a 5-Fr Rosh celiac catheter

(Medikit). A 2.5-Fr microcatheter (Renegade-18, Boston

Scientific, Natick, MA, USA) was coaxially inserted into

the renal branch artery or splenic artery using a 0.014-inch

microguidewire (Transend EX, Boston Scientific). Selec-

tive arteriography was performed via these microcatheters

before injury (Fig. 1).

Preparation of Clotting Disorder

Mild Coagulopathy (ACT \ 200 s)

Bloodletting of 10% of total circulatory whole blood (body

weight (kg)/13 9 1,000 ml) was conducted through the

catheter for a period of 30 min; extracellular fluid equal to

four times the bloodletting volume was simultaneously

infused for the same period to preserve the blood pressure.

ACT was measured every 15 min, and maintenance of the

state \ 200 s was confirmed throughout the procedure.

Severe Coagulopathy (ACT [ 400 s)

Bloodletting of 30% of total circulatory whole blood vol-

ume was conducted through the catheter for a period of

30 min; extracellular fluid equivalent to four times the

bloodletting volume was simultaneously infused for the

same period. At the commencement of bloodletting, a

single infusion shot of 25,000 units of heparin was per-

formed, after which continuous drip infusion of 4,000 units

of heparin per hour was continued. ACT was measured

every 15 min and maintained over 400 s throughout the

procedure; 5,000 to 10,000 units of heparin were added by

single shot infusion if necessary.

Artificial Renal and Splenic Injuries

Under direct inspection, 3-cm incisions were made at the

upper and lower poles of bilateral kidneys, and the

periphery of the spleen, using a surgical knife. TAE with

GSP or NBCA was conducted after each injury.
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TAE with GSP or NBCA

In TAE with NBCA, NBCA was prepared as a liquid

embolic material by mixing 1 ml of NBCA with 5 ml of

lipiodol using a three-way stopcock. The mixing ratio was

determined according to the ratio most commonly used in

previous reports [7–15]. In TAE with GSP, gelatin sponge

(Spongel, Astellas Pharmaceutical Inc., Tokyo, Japan) was

cut into 1-mm–sized pieces and soaked in contrast medium

(Iopamidol 370, Bracco, Milano, Italy).

To confirm the presence of hemorrhage in swine of both

ACT states, selective angiography of the renal lower

branch was conducted through the microcatheter immedi-

ately after the artificial injury at the lower pole of the right

kidney (Fig. 1). The microcatheter was then flushed with

5% glucose solution to prevent polymerization of NBCA in

the microcatheter before injection. NBCA was slowly

injected through the microcatheter under fluoroscopic

control until blood flow was arrested in the lower branch of

the right renal artery. The microcatheter was removed after

each TAE with NBCA because of instant occlusion of the

lumen; a new microcatheter was introduced for each sub-

sequent TAE. The microcatheter was then introduced into

the right renal upper branch and the artificial injury was

made to the upper pole of the right kidney. After confir-

mation of the presence of hemorrhage, TAE with NBCA

followed.

For TAE with GSP, a 5-Fr catheter was introduced into

the left renal artery and the microcatheter was advanced to

the lower branch of the left renal artery. After creating the

artificial injury to the lower pole of the left kidney, TAE

with GSP was conducted. GSP was slowly injected through

the microcatheter under fluoroscopic control until arterial

blood flow was arrested in the lower branch of the left renal

artery.

The microcatheter was then introduced into the upper

branch of the left renal artery, after which the artificial

injury to the upper pole of the left kidney was made.

After confirmation of the hemorrhage, TAE with GSP

followed.

The 5-Fr catheter was then introduced into the celiac

artery and the microcatheter was advanced into the splenic

artery. After creating the artificial injury to the spleen, TAE

with GSP or NBCA followed (Tables 1 and 2).

For each hemorrhage under the states of ACT \ 200 s

and ACT [ 400 s, renal or splenic angiography was per-

formed before and immediately after TAE to evaluate the

hemostatic ability of GSP or NBCA (Fig. 2); follow-up

angiography was performed 5, 10, 15, and 30 min later to

explore the hemostatic durability of GSP or NBCA. Each

time re-hemorrhage was observed, TAE was reperformed

to preserve hemostasis with the same embolic material as

used initially. Blood pressure of approximately 100 mmHg

was maintained by extracellular fluid infusion. Noradren-

alin was not used to elevate blood pressure because it acts

to constrict the peripheral arteries.

The swine were killed by bloodletting. Necropsies were

performed; the kidneys and spleens were removed, cut into

sections of 10-mm thickness, and fixed in a 7.5% neutral

formaldehyde buffer. The slice surface 30-mm proximal to

the artificial injury site was stained with hematoxylin-eosin

(HE) to identify the embolic material in the artery and

evaluate the vital response to the embolus.

Fig. 1 Selective angiography of the lower branch of the right renal

artery using a microcatheter reveals extravasation of contrast medium

at the lower pole of the right kidney (A). Right renal arteriography

shows occlusion of the lower branch following embolization with

N-butyl cyanoacrylate (B)
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Results

ACT Value Before TAE

For the condition of mild coagulopathy, the mean ACT

value before TAE with GSP and NBCA was 154.8 (range,

119–198) seconds and 154 (range, 116–177) seconds,

respectively. For the condition of severe coagulopathy, the

mean ACTH value before TAE with GSP and NBCA was

516.6 (range, 421–592) seconds and 567.8 (range, 453–

898) seconds, respectively.

Primary Hemostatic Ability

Extravasation of contrast medium corresponding to each

hemorrhagic site after artificial injury was observed on

angiography. All of the arteries responsible for hemorrhage

were embolized. Angiography immediately after TAE with

GSP or NBCA showed complete occlusion in coagulopathy

conditions of both ACT \ 200 s and ACT [ 400 s

(Tables 1 and 2).

Hemostatic Durability

In the state of ACT \ 200 s, follow-up angiography at 5 to

30 min after TAE with GSP or NBCA showed no evidence of

recurrent hemorrhage (Table 1). In the state of ACT [
400 s, follow-up angiography revealed recurrent hemor-

rhage in four (80%) of the five injury sites after TAE with

GSP and in one (20%) of the five injury sites after TAE with

NBCA. All four recurrent hemorrhages after TAE with GSP

were observed after 5 min; the recurrent hemorrhage after

TAE with NBCA was observed after 15 min (Table 2).

Microscopic Study

In each specimen of kidney and spleen subjected to TAE

with GSP, GSP was observed as a purple-colored

amorphous substance (Fig. 2). GSP was present in the

arcuate and interlobular arteries of the kidney, and in

splenic artery branches sized 100 lm or greater. There

was dense accumulation of red thrombi surrounding the

Table 1 Comparisons of

hemostatic ability and durability

between GSP and NBCA

embolization in an

ACT \ 200 s state

GSP gelatin sponge particles;

NBCA n-butyl cyanoacrylate;

ACT activated coagulation time;

RK right kidney; LK left kidney;

SP spleen

Embolic material Swine

no.

Hemorrhagic

site

Hemostasis

immediately after

embolization

Recurrent hemorrhage

5 10 15 30 (min)

NBCA 1 RK Yes No No No No

RK Yes No No No No

2 RK Yes No No No No

RK Yes No No No No

2 SP Yes No No No No

GSP 1 LK Yes No No No No

LK Yes No No No No

2 LK Yes No No No No

LK Yes No No No No

1 SP Yes No No No No

Table 2 Comparisons of

hemostatic ability and durability

between GSP and NBCA

embolization in an

ACT [ 400 s state

GSP gelatin sponge particles;

NBCA n-butyl cyanoacrylate;

ACT activated coagulation time;

RK right kidney; LK left kidney;

SP spleen

Embolic

material

Swine

no.

Hemorrhagic

site

Hemostasis

immediately after

embolization

Recurrent hemorrhage

5 10 15 30 (min)

NBCA 3 RK Yes No No Yes –

RK Yes No No No No

4 RK Yes No No No No

RK Yes No No No No

4 SP Yes No No No No

GSP 3 LK Yes Yes – – –

LK Yes Yes – – –

4 LK Yes No No No No

LK Yes Yes – – –

3 SP Yes Yes – – –
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GSP in the arteries subjected to TAE in the mild coag-

ulopathic condition (Fig. 2A); red thrombi surrounding

GSP were barely present in the arteries subjected to

TAE with GSP in the severe coagulopathic condition

(Fig. 2B).

Ogawa et al. compared renal arteries embolized with

Lipiodol alone, NBCA alone, and NBCA–Lipiodol, and

found that NBCA alone could not be detected using only

HE stain. They considered that most of the NBCA

becomes dissolved in organic solvent during preparation

of the specimen [21]. In the present study, most of the

NBCA also was dissolved in organic solvent during

specimen preparation. Although a thready fibrin-like

substance was observed in the arcuate and interlobular

arteries of the kidney, and splenic artery branches of each

specimen subjected to TAE with NBCA, we could not

identify this fibrin-like substance as the remnant of

NBCA.

Discussion

The results of the present study clarified that both GSP and

NBCA are effective embolic materials for controlling

bleeding in the mild coagulopathic condition, whereas TAE

with NBCA was more effective than TAE with GSP for

controlling bleeding in the severe coagulopathic condition.

From the present microscopic study, it is considered that

secondary dense thrombosis adhesive to GSP in the mild

coagulopathic condition enhances occlusive durability, but

that the scarce thrombosis in the severe coagulopathic

condition does not. It is known that GSP injected into an

artery for embolization is absorbed with secondary

thrombus into the vessel wall within 2 weeks [22, 23].

In the clinical situation, Kish et al. described that NBCA

was successful in controlling active extravasation of con-

trast medium in 12 of 16 patients, including 10 patients in

whom standard coil and particulate embolization had failed

[8]. Although their data were not listed, we speculate that

NBCA would be beneficial for the treatment of coagulo-

pathic bleeding.

Particulate agents have been used to control arterial

hemorrhage. GSP soaked in contrast medium can be

detected under fluoroscopic control, and its flexibility

enables it to be delivered through a small microcatheter

and tortuous anatomy. GSP is commonly used for treating

ruptured hepatocellular carcinoma and is indicated in other

hemorrhagic lesions that are multiple, distal in location, or

supplied by multiple collateral pathways. Although it is not

difficult to maneuver TAE with GSP, the durability of

hemostasis for acute arterial hemorrhage remains debated.

In the present study, TAE with GSP was not feasible for

acute arterial hemorrhage in the condition of severe

coagulopathy.

NBCA has been used for many years as a liquid embolic

material and is highly regarded for occlusion of cerebral

arteriovenous malformation and fistula [11], hemorrhage of

visceral arteries [7, 8, 10, 12], percutaneous transhepatic

portal embolization for extension of hepatectomy indica-

tions [13], varicocele embolization [14], and type 2 endo-

leak embolization after stent-graft repair [15]. The

advantages of TAE with NBCA are its high success rate for

occlusion, short treatment time, low invasiveness to the

body, and wide range of sclerosing times possible by

adjusting the mixing ratio of NBCA and lipiodol. The

disadvantages of TAE with NBCA are instant occlusion of

the catheter lumen and difficulty in predicting the precise

occlusion sites. The delivery microcatheter must be quickly

removed after TAE with NBCA. The mixture ratios of

NBCA versus lipiodol vary from 1:1 to 1:10 [7–15], with

the diluted NBCA mixture used to reach the most periph-

eral sites. The operator must determine the mixture rate

according to the target site before TAE. Although the

Fig. 2 The histological specimen shows dense accumulation of red

thrombi surrounding the GSP in the condition of mild coagulopathy

(A); there is less accumulation surrounding the GSP in the condition

of severe coagulopathy (B)
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NBCA embolization technique requires proficiency,

familiarity with NBCA is necessary to embolize coagulo-

pathic bleeding.

Limitations exist in the present experimental study,

which considers coagulopathy in swine but not in humans.

The magnitude of each hemostatic effect after embolization

could be greater or less in the clinical situation. In addition,

the present study does not reveal the effect of GSP or

NBCA on long-term hemostatic duration: we merely

explored the hemostatic durability for 30 min after TAE.

A follow-up experimental study of longer duration is

possibly required.

In conclusion, although merely exploring hemostatic

durability for 30 min, both GSP and NBCA were effective

embolic materials in controlling bleeding in the condition

of mild coagulopathy, whereas NBCA was more effective

than GSP in controlling bleeding in the condition with

severe coagulopathy.
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