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Abstract

Purpose To evaluate the feasibility and safety of n-butyl

cyanoacrylate (NBCA)–Lipiodol–Iopamidol (NLI) as a

liquid embolic material.

Materials and Methods In vitro, the ratio of NLI compo-

nents was adjusted and the configuration of the mixtures

was assessed visually in saline. In vivo, 14 wide-necked

aneurysms were created on the common carotid and

external iliac arteries of four female swine. Under balloon

occlusion, 12 aneurysms were embolized with NLI pre-

pared at a NBCA–Lipidol–Iopamidol ratio of 2:3:1

(NLI231), and two were embolized with NBCA–Lipiodol

(NL) prepared at a NBCA–Lipiodol ratio of 1:2 (NL12) as

a trial group. We performed angiography to evaluate the

effectiveness of embolization and adhesion of the embolic

material to the balloons or microcatheters.

Results In vitro, NLI231 (33% NBCA) was considered to

be the optimal ratio for aneurysm embolization based on its

configuration and stability. In vivo, embolization using

NLI231 was successful and no adhesion between the

embolic material and the balloons or microcatheters was

observed in all 12 aneurysms. Embolization with NL12

was impossible in the other two aneurysms due to leakage

and adhesion of NL.

Conclusion The configuration of NLI changed at each

ratio. NLI231 is a feasible and safe liquid embolic material

for balloon-assisted embolization of wide-necked aneur-

ysms in swine.
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Iopamidol � Balloon-assisted packing � Aneurysm �
Embolization

Abbreviations

NBCA n-Butyl cyanoacrylate

NL NBCA–Lipiodol

NLE NBCA–Lipiodol–ethanol

NLI NBCA–Lipiodol–Iopamidol

NL12 NBCA–Lipiodol prepared at a ratio of 1:2

NLI231 NBCA–Lipiodol–Iopamidol prepared at a ratio

of 2:3:1
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Introduction

Transcatheter embolization is the first-choice treatment for

gastrointestinal bleeding, tumor bleeding, traumatic

bleeding, postoperative bleeding, pseudoaneurysm rupture,

visceral aneurysms, and arteriovenous malformations.

Metallic coils, gelatin sponges, microspheres, and liquids

like cyanoacrylate are currently used as the embolic

materials. Metallic coils have two advantages: First, the

embolization site is relatively easy to control using coils,

and second, coil embolization is associated with a low risk

of tissue damage [1–5]. However, disadvantages of

metallic coils are that they are expensive, they require a

long procedure time, and they are limited to embolization

of sites that can be reached by the catheter, which typically

restricts their use to proximal embolization [6]. Particulate

embolic materials, such as gelatin sponges, may flow to the

periphery of the arterial branch causing distal embolization

and potentially tissue necrosis [7]. Another disadvantage of

gelatin sponges is that hemostasis is dependent on sec-

ondary thrombi, which makes it difficult to achieve

hemostasis in patients with a coagulopathy [8].

n-Butyl cyanoacrylate (NBCA) has been used as a liquid

embolic material for transcatheter treatment of active

bleeding and vascular malformation for many years, and its

usefulness is widely reported [9–17]. NBCA is often mixed

with Lipiodol (NBCA–Lipiodol; NL) to improve its visi-

bility under X-ray fluoroscopy and to modify its poly-

merization speed [9–17]. As a liquid embolic material, NL

has several advantages, including low cost and short pro-

cedure time. However, NL has strong adhesive properties

and can cause adhesion between the catheter and the blood

vessel wall or occlusion of the catheter lumen [18]. To

overcome these problems, anhydrous ethanol was added to

NL to yield the mixture NBCA–Lipiodol–ethanol (NLE),

which is less adhesive than NL [19–22]. However, anhy-

drous ethanol is highly irritating and must be prepared

separately, before mixing with NL. Considering these

limitations of NL and NLE, we developed a liquid embolic

material, NBCA–Lipiodol–Iopamidol (NLI) by adding a

nonionic iodine contrast agent (Iopamirone) to NL. Iopa-

mirone causes less irritation of blood vessels compared

with anhydrous ethanol and does not need to be prepared

separately. In addition, we hypothesized that NLI is less

adhesive, enabling aneurysm embolization under balloon

occlusion. In this study, we determined the optimal ratios

of NLI components in vitro and evaluated the feasibility

and safety of NLI in animal experiments.

Materials and Methods

Preparation of NLI

First, NL was prepared by mixing NBCA (Histoacryl, B.

Braun, Melsungen, Germany) and Lipiodol (Ultra-Fluide�,

Guerbet, Roissy, France) in a 2.5-mL syringe with a

shaking or pumping method using a three-way stopcock.

Next, Iopamirone (370 mg iopamidol/mL; Bayer, Lev-

erkusen, Germany) was mixed with NL using a 2.5-mL

syringe, using a pumping method with a three-way stop-

cock. The pumping frequency was 15 reciprocations in

15 s.

In Vitro Study

NLI was prepared at NBCA–Lipidol–Iopamidol ratios of

1:1:1 (NLI111), 1:2:1 (NLI121), 1:3:1 (NLI131), 2:2:1

(NLI221), 2:3:1 (NLI231), 2:4:1 (NLI241), and 1:2:0

(NL12) (Table 1). Each NLI mixture was injected into a

cup filled with 100 mL of physiological saline through a

24 G needle. The configuration that each mixture formed

was observed visually and was classified as a noodle-type,

a single large droplet, medium droplets, and small droplets.

In Vivo Study

The animal experiment was approved by the institutional

ethics review committee and was performed in accordance

with the ‘‘Act on the Protection and Management of Ani-

mals’’ and the ‘‘Standards for the Care and Storage of

Laboratory Animals and Alleviation of Pain’’ of Japan.

We used four healthy female swine weighing 50–52 kg.

Preanesthesia was conducted with a combination of 5 mg/

kg ketamine and 0.08 mg/kg atropine sulfate. General

anesthesia was maintained with isoflurane gas via

Table 1 Ratios of the NLI components and their configurations

in vivo

NBCA Lipiodol Iopamidol Configuration

1 1 1 NT

1 2 1 SLD

1 3 1 MD

2 2 1 SLD

2 3 1 SLD/MD

2 4 1 MD

1 2 0 SD

NLI n-butyl cyanoacrylate (NBCA)–Lipiodol–Iopamidol, NT noodle

type, SLD single large droplet; MD medium droplets; SD small

droplets
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intubation. Cardiac and respiratory data were monitored

throughout the procedures. The common carotid arteries,

external iliac arteries, and jugular veins were surgically

exposed in each swine to create an aneurysm. First, the

jugular vein, approximately 3 cm long, was removed and

the resected piece of the vein was sutured onto the common

carotid arteries and external iliac arteries under interrupted

arterial blood flow. We created 14 aneurysms on the

common carotid and external iliac arteries (Table 2).

In all swine, embolization of the aneurysms was per-

formed immediately after their creation. First, 6 Fr sheaths

(Radifocus Introducer II H, Terumo Clinical Supply, Gifu,

Japan) were inserted via the bilateral femoral arteries,

followed by a 4 Fr guide catheter (JB2, Medikit, Tokyo,

Japan or 1CJ, Hanako Medical, Saitama, Japan). Preoper-

ative angiography of the common carotid or external iliac

artery was then performed using an X-ray system (Allura

Xper FD 20, Royal Philips Electronics, Amsterdam,

Netherlands). Next, a 2.1 Fr microcatheter (Virtus, Boston

Scientific, Natick, MA) was inserted through the guide

catheter, and the microcatheter was advanced into the

aneurysm using a 0.016 in. microguidewire (Meister, Asahi

Intecc, Aichi, Japan). A small amount of contrast agent was

injected through the microcatheter to confirm that its tip

was located in the aneurysm. Then, a 5 Fr balloon catheter

(Mustang, Boston Scientific; 6 mm diameter, 40 mm long)

was inserted through the sheath of the contralateral femoral

artery and was placed at the neck of the aneurysm using a

0.035 in. guidewire (Radifocus Guide wire M, Terumo

Clinical Supply, Gifu, Japan). A single polymer that forms

single large droplets is most suitable for aneurysm

embolization. Therefore, we selected NLI231, which has a

single large droplet configuration, for this study (Fig. 1B).

As a comparator, we used NL12 with the same concen-

tration of NBCA (33% NBCA). To prevent polymerization

of NBCA in the microcatheter, 5% glucose solution was

injected into the microcatheter just before the injection of

NLI231 or NL12. The balloon was inflated to 2 atm to

prevent migration of NLI231 or NL12 outside the aneur-

ysms. After inflating the balloon, NLI231 or NL12 was

injected through the microcatheter using a 1-mL syringe

(MEDALLION, Merit Medical, Salt Lake City, UT). The

endpoint of embolization was defined as complete filling of

the aneurysm with NLI or NL, as observed by angiography.

Twelve aneurysms were embolized with NLI231, and the

other two aneurysms were embolized with NL12 as a trial

group (Table 2). After injecting NLI231 or NL12, the

microcatheter was removed. The balloon occlusion time

was 3 min. Subsequently, the balloon was deflated, and the

balloon catheter was removed. Angiography was repeated

using a guide catheter. We evaluated the state of the

aneurysms, the effectiveness of embolization, migration of

the embolic material, and adhesion of the embolic material

to the balloons or catheters by comparing pre- and post-

operative angiography.

Table 2 Outcomes of NLI231 and NL12 for aneurysm embolism in swine in vivo

NLI or NL volume

(mL)

Aneurysm Leakage Catheter

adhesion

Embolization

Diameter

(mm)

Neck width

(mm)

Dome-to-neck

ratio

1 NLI231 0.3 8.6 9 9.0 5.7 1.58 – – Complete

2 NLI231 0.2 6.2 9 7.4 4.1 1.8 – – Complete

3 NLI231 0.2 5.8 9 7.9 4.1 1.93 – – Complete

4 NLI231 1.4 12.3 9 14.9 8.3 1.8 – – Complete

5 NLI231 2.1 15.5 9 17.4 8.8 1.98 – – Complete

6 NLI231 0.7 10.7 9 11.4 6.4 1.78 – – Complete

7 NLI231 1.0 9.1 9 15.4 8.2 1.88 – – Complete

8 NLI231 1.3 14.0 9 14.2 8.4 1.69 – – Complete

9 NLI231 1.1 12.9 9 13.1 9.2 1.42 – – Complete

10 NLI231 0.3 8.1 9 8.9 4.6 1.93 – – Complete

11 NLI231 0.5 9.6 9 11.1 8 1.39 – – Complete

12 NLI231 0.4 9.1 9 9.4 5.1 1.84 – – Complete

13 NL12 0.5 10.1 9 10.9 7 1.56 ? ? NE

14 NL12 0.2 7.9 9 8.0 4.8 1.67 ? ? NE

NLI231 n-butyl cyanoacrylate (NBCA)–Lipiodol–Iopamidol prepared at a ratio of 2:3:1, NL12 NBCA–Lipiodol prepared at ratio of 1:2, NE not

evaluable
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Results

In Vitro Study

The configurations that the mixtures formed in saline

solution were classified as follows: NLI111 as noodle type;

NLI121 as a single large droplet; NLI131 as medium

droplets; NLI221 as a single large droplet; NLI231 as a

single large droplet/medium droplets; NLI241 as medium

droplets; and NL12 as small droplets (Table 1, Fig. 1). The

configuration of NLI changed at each ratio.

In Vivo Study

All 12 aneurysms were successfully embolized with

NLI231. NLI231 did not leak into the parent artery or

adhere to the catheters, which allowed us to remove the

catheters from the artery. Postoperative angiography

showed complete embolization of all 12 aneurysms

(Fig. 2). In contrast, embolization was unsuccessful in two

aneurysms treated with NL12 due to leakage of NL12 into

the parent artery during embolization and catheter adhesion

(Fig. 3).

Discussion

Our in vitro study revealed changes in the configuration of

the NLI mixture in saline depending on the ratio of its

components. These changes appear to be due to the effect

of Iopamirone on the polymerization of NBCA. Iopamir-

one has numerous hydroxyl groups, which influence the

polymerization of NBCA. The polymerization of NBCA

starts slowly after adding Iopamirone to NL. This change is

greatly affected by the relative Iopamirone content;

increasing the Iopamirone content resulted in quicker

polymerization of NL. At the highest tested Iopamirone

content, the polymerization was rapid and NLI formed a

noodle-type configuration. At the decrease in the Iopa-

mirone content, NLI formed single large droplet, medium

droplet, and small droplet configurations. When the Iopa-

mirone content was unchanged, polymerization occurred

quicker with increasing NBCA content. The single large

droplet configuration is considered to be the most suit-

able configuration for aneurysm embolization because this

configuration allows the mixture to extrude from the

catheter into the aneurysm as a single mass. We hypothe-

sized that, by injecting NLI in a single large droplet con-

figuration, it is possible to embolize the aneurysm

completely without leaving any gaps. Because the medium

and small droplet configurations are smaller than the single

large droplet configuration, NLI in the medium and small

configurations is more likely to reach the periphery.

Therefore, these configurations may be useful for emer-

gency hemostasis of peripheral arteries that cannot be

reached with a catheter. Because mixture NLI111 giving

the noodle-type configuration has a high viscosity, it is

difficult to inject it through a thin microcatheter.

In the in vivo study, all 12 aneurysms were completely

embolized with NLI231 under balloon occlusion. NLI is

unlikely to adhere to the balloon or catheters. We

hypothesize that NLI polymerizes rapidly and forms a solid

film on the surface, and this coating may reduce the

anchoring effect between the substances and reduce

Fig. 1 Representative

photographs showing the

configurations of n-butyl

cyanoacrylate (NBCA)–

Lipiodol–Iopamidol (NLI)

prepared at different ratios and

NBCA–Lipiodol (NL). A NLI

prepared at a ratio of 1:1:1

shows a noodle-type

configuration. B NLI prepared

at a ratio of 2:3:1 forms a single

large droplet. C NLI prepared at

a ratio of 1:3:1 forms medium

droplets. D NL prepared at a

ratio of 1:2 forms small droplets
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adhesiveness. The low adhesion of NLI is similar to that of

NLE. In clinical settings, embolization is performed using

NLE because of its low adhesiveness [23–27]. Therefore,

we believe that embolization with NLI, which also shows

low adhesiveness, could be performed safely in clinical

practice. We also suggest that switching anhydrous ethanol

to Iopamirone could reduce adverse events due to irritation.

However, embolization of the aneurysm with NL12 under

balloon occlusion was impossible in the other two aneur-

ysms. This result is consistent with results reported by

Tanaka et al. [21]. For these two aneurysms, NL12 leaked

out of the aneurysms into the parent arteries immediately

after injection and adhered to the balloon catheter and the

microcatheter. Therefore, the catheters could not be

removed from the blood vessel, making it difficult to

evaluate the effectiveness of embolization on angiography.

Thus, our study confirmed that balloon-assisted emboliza-

tion of wide-necked aneurysms with a highly adhesive

material with an SS configuration, such as NL12, is not

possible.

Our study has eight limitations to discuss. First, when

preparing NLI, it is necessary to prepare NL first and then

add the nonionic iodine contrast agent. This is because,

when a nonionic iodine contrast agent is added to NBCA,

polymerization starts immediately and NBCA solidifies. In

addition, NL and nonionic iodine contrast agents cannot be

mixed by shaking due to their high viscosity. Therefore,

mixing must be done using a pumping method with a three-

way stopcock. Second, the processing time of NLI231 is

about 15 min. Therefore, if NLI231 is not used within

15 min after mixing, it cannot be injected through a

microcatheter. Third, we could not use the same

Fig. 2 Angiographic images

obtained before, during, and

after embolization of the

aneurysm with n-butyl

cyanoacrylate–Lipiodol–

Iopamidol prepared at a ratio of

2:3:1 (NLI231). A Angiography

before embolization showing

the aneurysm on the right

external iliac artery.

B Angiography during

embolization showing no

leakage of NLI. C Angiography

after embolization showing

complete embolization of the

aneurysm

Fig. 3 Angiographic images

obtained before, during, and

after embolization of the

aneurysm with n-butyl

cyanoacrylate–Lipiodol

prepared at a ratio of 1:2

(NL12). A Angiography before

embolization showing the

aneurysm on the left external

iliac artery. B Angiography

during embolization showing

leakage of NL during the

procedure (black arrow).

C Angiography after

embolization showing adhesion

of NL12 to the catheter (white

arrow)
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microcatheters in the in vitro study due to a limited budget

problem. Instead, we used a 24 G needle with an inner

diameter similar to that of the microcatheter used in vivo.

Furthermore, we used physiological saline instead of blood

in the in vitro study. Fourth, the configuration of NLI

changes at each ratio, although the reason is not clear.

Fifth, a small number of animals were used and long-term

evaluation may not be possible because of animal welfare

considerations. Sixth, Iopamirone was used as the nonionic

iodine contrast agent; the use of other nonionic iodine

contrast agents needs to be investigated. Seventh, the

occlusion time for embolization was 3 min. Future studies

should assess the most suitable occlusion time and assess

whether the balloon occlusion time can be reduced. Finally,

embolization should be verified by rotating digital sub-

tracting angiography or computed tomography. However,

our experimental facilities do not have the equipment for

this. Furthermore, we did not perform macroscopic or

histologic examination of the aneurysms.

Conclusion

The configuration of NLI changed at each ratio. NLI231 is

a feasible and safe liquid embolic material for balloon-

assisted embolization of wide-necked aneurysms in swine.

Compliance with Ethical Standards

Funding This study was not supported by any funding.

Conflict of Interest The authors declare that they have no conflicts

of interest.

Ethical Approval All applicable international, national, and insti-

tutional guidelines for the care and use of animals were followed. And

all procedures performed in this study involving animals were in

accordance with the ethical standards of the institution or practice at

which the studies were conducted.

Informed Consent Informed consent is not required for this type of

study.

Consent for Publication Consent for publication is not required for

this type of study.

References

1. Klein GE, Szolar DH, Karaic R, Stein JK, Hausegger KA,

Schreyer HH. Extracranial aneurysm and arteriovenous fistula:

embolization with the Guglielmi detachable coil. Radiology.

1996;201:489–94.

2. Sildiroglu O, Saad WE, Hagspiel KD, Matsumoto AH, Turba UC.

Endovascular management of iatrogenic native renal arterial

pseudoaneurysms. Cardiovasc Intervent Radiol. 2012;35:1340–5.

3. Buechner D, Lippuner V, DeMaio K, Donovan FD, Weber PR.

Successful endovascular coil embolization of large

pseudoaneurysm of ductus arteriosus diverticulum. CVIR Endo-

vasc. 2019;2:12.

4. Das JP, Asadi H, Kok HK, et al. Balloon-assisted coil

embolization (BACE) of a wide-necked renal artery aneurysm

using the intracranial scepter C compliant occlusion balloon

catheter. CVIR Endovasc. 2018;1:12.

5. Nagarajan K, Elango S, Ishita L, Shanmugam D. Traumatic

pseudoaneurysm of the inferior mesenteric artery branch: a rare

cause of lower gi bleeding and treatment with selective coil

embolization. Cardiovasc Intervent Radiol. 2016;39:1358–60.

6. Spiotta AM, Turner RD, Chaudry MI, et al. Carotid sacrifice with

a single Penumbra occlusion device: a feasibility study in a swine

model. J Neurointerv Surg. 2016;8:99–102.

7. Sonomura T, Kawai N, Ikoma A, et al. Uterine damage in swine

following uterine artery embolization: comparison among gelatin

sponge particles and two concentrations of n-butyl cyanoacrylate.

Jpn J Radiol. 2013;31:685–92.

8. Yonemitsu T, Kawai N, Sato M, et al. Comparison of hemostatic

durability between n-butyl cyanoacrylate and gelatin sponge

particles in transcatheter arterial embolization for acute arterial

hemorrhage in a coagulopathic condition in a swine model.

Cardiovasc Intervent Radiol. 2010;33:1192–7.

9. Tamatani S, Ito Y, Koike T, et al. Efficacy of diluted NBCA

mixture for embolization of arteriovenous malformations. Interv

Neuroradiol. 1999;5:161–5.

10. Li TL, Fang B, He XY, et al. Complication analysis of 469 brain

arteriovenous malformations treated with n-butyl cyanoacrylate.

Interv Neuroradiol. 2005;11:141–8.

11. Toyoda H, Nakano S, Kumada T, et al. Estimation of n-butyl-2

cyanoacrylate-Lipiodol mixture in transcatheter arterial

embolization for urgent control of life-threatening massive

bleeding from gastric or duodenal ulcer. J Gastr Hepat.

1996;11:252–8.

12. Kish JW, Katz MD, Marx MV, et al. n-Butyl cyanoacrylate

embolization for control of acute arterial hemorrhage. J Vasc

Interv Radiol. 2004;15:689–95.

13. Hassan F, Younes A, Rifai M. Endovascular embolization of

post-tonsillectomy pseudoaneurysm: a single-center case series.

Cardiovasc Intervent Radiol. 2019;42:528–33.

14. Tanaka T, Kawai N, Sato M, et al. Safety of bronchial arterial

embolization with n-butyl cyanoacrylate in a swine model. World

J Radiol. 2012;28:455–61.

15. n-BCA Trail Investigators. n-Butyl cyanoacrylate embolization

of cerebral arteriovenous malformations: results of a prospective,

randomized, multi-center trial. AJNR Am J Neuroradiol.

2002;23:748–55.

16. Yamakado K, Nakatsuka A, Tanaka N, Takano K, Matsumura K,

Takeda K. Transcatheter arterial embolization of ruptured pseu-

doaneurysms with coils and n-butyl cyanoacrylate. J Vasc Interv

Radiol. 2000;11:66–72.

17. Sugawara S, Arai Y, Sone M, et al. Phase II Trial of transarterial

embolization using an n-butyl-2-cyanoacrylate/Lipiodol mixture

(JIVROSG-0802). Cardiovasc Intervent Radiol. 2019;42:534–41.

18. Debrun GM, Aletich VA, Shownkeen H, Ausman J. Glued

catheters during embolisation of brain AVMs with acrylic glue.

Interv Neuroradiol. 1997;30:13–9.

19. Kawai N, Sato M, Minamiguchi H, et al. Basic study of a mixture

of n-butyl cyanoacrylate, ethanol, and lipiodol as a new embolic

material. J Vasc Interv Radiol. 2012;23:1516–21.

20. Tanaka F, Kawai N, Sato M, et al. Effect of transcatheter arterial

embolization with a mixture of n-butyl cyanoacrylate, lipiodol,

and ethanol on the vascular wall: macroscopic and microscopic

studies. Jpn J Radiol. 2015;33:404–9.

21. Tanaka F, Kawai N, Sato M, et al. Balloon-assisted packing of

wide-neck aneurysms with a mixture of n-butyl cyanoacrylate,

N. Higashino et al.: Feasibility and Safety of n-Butyl Cyanoacrylate–Lipiodol–Iopamidol… 487

123



Lipiodol, and ethanol: an experimental study. Jpn J Radiol.

2015;33:517–22.

22. Hama M, Sonomura T, Ikoma A, et al. Balloon-assisted

embolization of wide-neck aneurysms using a mixture of n-butyl

cyanoacrylate, lipiodol, and ethanol in swine: a comparison of

four n-butyl cyanoacrylate concentrations. Cardiovasc Intervent

Radiol. 2020; https://doi.org/10.1007/s00270-020-02567-6.

23. Nakai M, Ikoma A, Sato M, et al. Prophylactic intraoperative

embolization of abdominal aortic aneurysm sacs using n-butyl-

cyanoacrylate/Lipiodol/ethanol mixture with proximal neck aor-

tic balloon occlusion during endovascular abdominal aortic

repair. J Vasc Interv Radiol. 2016;27:954–60.

24. Nakai M, Ikoma A, Higashino N, Inagaki T, Sonomura T. Bal-

loon-occluded retrograde transvenous obliteration of a gastric

varix with the use of an n-butyl cyanoacrylate-Lipiodol-ethanol

mixture. J Vasc Interv Radiol. 2018;29:1325–7.

25. Koizumi J, Sekiguchi T, Sekiguchi Y, et al. Embolization of

congenital anastomosis between bronchial and pulmonary arteries

using n-butyl cyanoacrylate combined with Lipiodol and ethanol

under temporary balloon occlusion. J Vasc Interv Radiol.

2018;29:1321–3.

26. Ikoma A, Nakai M, Loffroy R, et al. Transcatheter arterial

embolization of a splenic artery aneurysm with n-butyl

cyanoacrylate/Lipiodol/ethanol mixture with coil-assisted sand-

wich technique. Quant Imaging Med Surg. 2019;9:346–9.

27. Nakai M, Ikoma A, Loffroy R, et al. Type II endoleak model

creation and intraoperative aneurysmal sac embolization with n-

butyl cyanoacrylate-lipiodol-ethanol mixture (NLE) in swine.

Quant Imaging Med Surg. 2018;8(9):894–901.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

488 N. Higashino et al.: Feasibility and Safety of n-Butyl Cyanoacrylate–Lipiodol–Iopamidol…

123

https://doi.org/10.1007/s00270-020-02567-6

	Feasibility and Safety of n-Butyl Cyanoacrylate--Lipiodol--Iopamidol as an Alternative Liquid Embolic Material
	Abstract
	Purpose
	Materials and Methods
	Results
	Conclusion

	Introduction
	Materials and Methods
	Preparation of NLI
	In Vitro Study
	In Vivo Study

	Results
	In Vitro Study
	In Vivo Study

	Discussion
	Conclusion
	References




