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NBCA: Basic Knowledge

Naoya Kidani‘® and Nobuyuki Hirotsune

Various types of embolic substances are used in endovascular therapy, and understanding their characteristics, including
shape and kinetics, is essential for proper use. Cyanoacrylate is a typical liquid embolization agent that can be applied
to many cerebral neurovascular lesions. It is injected as a mixture with ethiodized oil to provide radiopacity and regulate
the polymerization rate. This review describes the characteristics, action mechanisms, techniques of use, and potential
pitfalls of using cyanoacrylate-ethiodized oil mixtures for embolization.

Keywords

| Introduction

Embolic materials for endovascular treatment are par-
ticles or liquids that are released through a catheter to
occlude target vessels mechanically or biologically.
N-butyl-2 cyanoacrylate (NBCA), initially commercial-
ized as an adhesive, was recently approved in Japan as
an embolic agent for endovascular therapy.” NBCA has
been used as an embolization agent for decades, but it
still requires the surgeon to gain significant experience
and proficiency to perform embolization procedures
safely and efficiently. This article discusses the proper-
ties, action mechanisms, rules of use, and potential pit-
falls of embolization with NBCA.
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I Characteristics of Cyanoacrylate
for Medical Use

Cyanoacrylate was discovered in the 1940s as a chemi-
cal that bonded things upon contact and was later com-
mercialized as an instant adhesive. Cyanoacrylate is a
liquid with low viscosity in its monomer state, and when
it comes into contact with anions, it polymerizes to form
a polymer that hardens and bonds.? There are various
types of cyanoacrylates differentiated by the alkyl groups
in their structure. They are used for industrial, house-
hold, medical, and other applications based on their
properties (Fig. 1). Among them, butyl cyanoacrylate
and octyl cyanoacrylate are suitable for use in living
organisms because their polymers are flexible, odorless,
and less toxic. These cyanoacrylates, which have larger
alkyl groups, polymerize more slowly than those with
smaller alkyl groups, release less heat during polymer-
ization, and are less toxic to tissue.? Cyanoacrylate was
first used medically to stop bleeding and repair the skin.
In the 1990s, 2-octyl-cyanoacrylate was first approved
by the United States Food and Drug Administration
(FDA) as a skin surface adhesive.

In the endovascular field, cyanoacrylate has been widely
used as a liquid embolic material since the 1970s and
1980s, when it was employed to treat cerebral arteriove-
nous malformations (AVMs).*> However, prior to 2000,
the intravascular use of cyanoacrylate was off-label.
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Fig.1 The chemical structure of monomeric cyanoacrylate (A). The
R represents an alkyl group. The monomeric (B) and polymeric (C)
forms of NBCA are also shown. NBCA, N-butyl-2 cyanoacrylate

1 NBCA for Endovascular Treatment

Histoacryl (B.Braun, Tuttlingen, Germany), which is com-
posed of NBCA, was initially marketed as a surgical adhe-
sive like other cyanoacrylate and has since been used for
endoscopic sclerotherapy of esophagogastric varices and
hemostasis of bleeding disorders. Histoacryl for endovas-
cular therapy is a mixture of NBCA (clear and colorless)
and blue dye (D&C violet No. 2). Histoacryl is currently
the most widely used commercialized NBCA in endovas-
cular therapy, but Trufill (Cordis, Miami Lakes, FL, USA)
and Glubran2 (GEMSRL, Viareggio, Italy) were available
on the market prior to Histoacryl.?

Trufill, like Histoacryl, contained only NBCA and was
FDA-approved solely for the preoperative embolization of
cerebral AVMs in 2000. Glubran2 was European confor-
mity (CE)-marked in 2005 as an embolic agent and has
been used in Europe. Glubran2 is a mixture of NBCA
and metacryloxysulpholane, which suppresses the heat of
polymerization and prolongs the polymerization time. It
does not adhere to blood vessels and has a lower inflamma-
tory response and toxicity than NBCA alone.” However,
neither Trufill nor Glubran?2 is available in Japan.

In March 2022, Histoacryl was approved as a vascular
embolization material under the Pharmaceutical Affairs
Law in Japan,” and it can now be used for transcatheter
embolization procedures in systemic organs, including
cerebrospinal and head and neck vessels. In neurology,
NBCA is indicated for a wide range of diseases, includ-
ing brain AVMs, spinal AVMs, dural arteriovenous fistulas
(dAVFs), head and neck tumors, brain tumors, and hem-
orrhagic lesions. In the following sections, NBCA will be
described with reference to Histoacryl.

NBCA is a radiolucent material that instantly polym-
erizes and hardens upon contact with blood, making safe
and accurate embolization difficult when used alone.® To
overcome these drawbacks, it is commonly injected mixed
with ethiodized oil (Lipiodol; Guerbet, Villepinte, France),
a nonionic oil-based contrast agent that does not polymer-
ize with NBCA and can be easily mixed in any ratio. As
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discussed below, the NBCA polymerization time can be
adjusted by changing the mixing ratio, which is a signif-
icant advantage of using NBCA as a liquid embolization
material.

Tantalum may be added to achieve radiopaque proper-
ties, especially when NBCA is used in high concentrations,
but this is not a common practice. Tantalum delays the
onset of polymerization and should be mixed only imme-
diately before use.¥

I In vivo Behavior of NBCA

As NBCA is injected into a blood vessel, it reacts with
anions in the blood and starts to polymerize, forming a
hardened NBCA “cast” that matches the shape of the target
vessel. This cast fills the vessel lumen, thereby disrupting
blood flow. Since the NBCA cast itself blocks blood flow, it
can occlude blood vessels even when thrombus formation
does not occur, for instance, when blood clotting ability is
impaired.

The polymerization time varies greatly depending on
the mixing ratio of NBCA and Lipiodol; the higher the
ratio of NBCA, the shorter the polymerization time, and
the lower the ratio, the longer the polymerization time.
Pure (100%) NBCA takes 0.087 seconds to cure upon con-
tact with plasma.” In vitro experiments show the follow-
ing polymerization times for different NBCA to Lipiodol
ratios: 3.2 seconds at 1:1, 4.7 sat 1:2, and 7.5 s at 1:3.10

When NBCA is injected mixed with Lipiodol, patho-
logical studies show that Lipiodol is present in the center
of the vessel while hardened NBCA is deposited on the
vessel wall side.!®!D) The reaction heat generated during
the polymerization of NBCA damages the vessel wall,
resulting in acute necrotizing vasculitis.!>!3 This leads to
a chronic granulomatous process with the accumulation of
foreign body giant cells and fibrosis within approximately
30 days.*'*19. Inflammatory changes in the vessel wall
produce scarring and fibrosis, which enhance the embolic
process.'® Fibrosis progresses slowly, and histologically, it
has been reported that extrusion of the adhesive out of the
vessel and the development of capillaries in the emboli-
zed vessel wall have been observed. Inflammatory changes
have been reported not only in the vessels but also in the
perivascular tissue.!”

Cyanoacrylates have also been used during neurovas-
cular open surgeries, such as coating aneurysm walls and
fixing vessels in microvascular decompression procedures.
However, this extravascular usage of cyanoacrylates can
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Fig. 2 Visual appearances and preparation of a mixture before embolization. (A) Histoacryl 0.5 mL vial and
(B) Lipiodol 10 mL vial. (C) Histoacryl and Lipiodol are mixed in a plastic luer-lock syringe (asterisk). (D) The
mixture is warmed with a hair dryer for 1 minute just before the injection.

result in arterial stenosis, occlusion, or dissection.!'$:1)
Thus, NBCA can be considered vascular toxic. NBCA has
been proven to be mutagenic but not carcinogenic.?”

! Rules of Injection

Positioning of the microcatheter

The microcatheter is primarily used for injection. Its tip
should be advanced as far as possible, as close to the
embolized area as feasible. Superselective contrast is then
performed through the microcatheter to assess blood flow
velocity, distance to the lesion, whether the catheter tip
is wedged, and whether feeding vessels of normal tissue
can be visualized. Based on these factors, the infusion
rate of NBCA and the mixing ratio of NBCA and Lipiodol
are determined. It is of note, however, that the kinetics of
NBCA injection differ from those of contrast agents due
to the combination of NBCA'’s adhesive properties and the
viscosity of Lipiodol.

Dilution and preparation of the NBCA-Lipiodol
mixture

The rate of polymerization of NBCA depends on the mix-
ing ratio of NBCA and Lipiodol; the higher the percentage
of NBCA, the stronger the adhesion (Fig. 2A-2C). For
embolization of short segments or when blood flow is fast,
a high concentration (33%-50%) of NBCA is preferable.
Conversely, for longer distances to the lesion, the greater
distal reach of NBCA, and slower blood flow, lower con-
centrations (10%-25%) of NBCA are more appropriate
(Tables 1 and 2, and Fig. 3).%?) When low-concentration
NBCA is used, the proportion of oil-based contrast media
is higher, which increases the viscosity of the mixture
and hinders its accessibility to distal sites. To overcome
this, the mixed solution may be heated to reduce viscosity
(Fig. 2D).

Table 1 Selecting the concentration of mixture according to the

situation
Concentration of NBCA

Variables High Low
Catheter position Close to lesion Away from lesion
Catheter tip Wedged Free
Blood flow Fast Slow
Occlusion site Short and thick Long and thin
Injection time Short Long

NBCA, N-butyl-2 cyanoacrylate

Table 2 Approximate concentration of mixed solution for each
neurovascular disease

Disease Concentration (%)
Tumor 10-25
dAVF 20-33
AVM 25-50
High flow fistula 50-75

AVM, arteriovenous malformation; dAVF, dural arteriovenous fistula

Injection

Injection should be performed under fluoroscopy or a
blank roadmap. To prevent polymerization of the adhesive
within the catheter, flush the catheter with 5% dextrose
solution (D5) to remove ionic material (contrast media or
blood). Flushing out the contrast media is also important to
accurately recognize the start of the inflow of the NBCA
and Lipiodol mixture.

Two methods can be used for NBCA injection: free-flow
injection and controlled-flow injection. Free flow, also
called flow-dependent injection, is a method of adminis-
tering NBCA directly into the bloodstream. This technique
requires smaller amounts of material but carries a risk of
unexpected scattering of material to the distal vessels. As
the NBCA reaches the distal portion and occlusion pro-
gresses gradually, the blood flow velocity also decreases,
and the infusion rate must be reduced accordingly.
Controlled-flow injection is a method that involves wedg-
ing the microcatheter or using a micro-balloon catheter
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Fig.3 Ascheme showing the difference in behavior depending on the concentration. (A) A high-concentration
of NBCA polymerizes and hardens immediately upon contact with blood, thus occluding short segments and
functioning as a proximal embolic material. (B) Low-concentration NBCA polymerizes as it flows in the blood-
stream, resulting in deep penetration away from the catheter tip. NBCA, N-butyl-2 cyanoacrylate

to reduce or block blood flow. Under this flow-controlled
situation, NBCA can be injected similarly to the Plug-and-
Push technique used for ethylene vinyl alcohol (EVOH)
copolymer injection. A balloon-guiding catheter or
detachable coils may also be used to control blood flow.

Removal of the microcatheter

The endpoints of the injection are when the NBCA has
adequately embolized the lesion, refluxed proximal to the
catheter tip, or entered an unplanned vessel. Low concen-
trations of NBCA can be injected multiple times, but essen-
tially, injection is a 1-time procedure that cannot be redone.
The microcatheter should be removed promptly before its
tip is trapped by the NBCA cast. It is also advisable to
apply negative pressure in the catheter lumen to prevent
the dispersal of adherent NBCA during catheter removal.??
However, it must be noted that excessively rapid extraction
of the catheter may create negative pressure and pull the
NBCA cast back proximally.

! Technical Tips and Potential
Pitfalls

One common technical issue is the premature polymeriza-
tion of the glue proximally before the NBCA penetrates to
the required depth. Warming the mixture promotes more
peripheral delivery even with a high percentage of ethio-
dized 0il.>» Mine et al. showed that the viscosity of the
mixtures of NBCA and ethiodized oil at 60°C was about
4 or 5 times lower than those at 4°C.2Y Another merit of
warming is that the injection pressure into the microcath-
eter decreases with the lowering of the viscosity. It makes
the injection more stable and safer.
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A method that can aid in achieving more distal embo-
lization is the “flood technique,”?29 which involves con-
tinuous positive pressure flushing with D5 from a guide
catheter or a distal access catheter. Flushing the distal vas-
cular bed with a nonionic solution slows NBCA polym-
erization, allowing deeper penetration of the mixture and
more distal embolization.®)

An injection from a wedged catheter or balloon-
microcatheter carries the risk of NBCA straying into
other sites via intrinsic vascular anastomoses that are not
depicted on angiography. Careful observation is necessary
during injection, and it is useful to have multiple observ-
ers sharing observation points for the behavior and reach
of the NBCA. Because NBCA is toxic to blood vessels,
as mentioned above, excessive NBCA infusion into nor-
mal branches distributed in the skin and mucosa should be
avoided. This can cause vascular endothelial damage and
inflammation, resulting in erosion and ulcer formation.

Generally, occlusion of vessels by NBCA is consid-
ered permanent, but there have been reports of recanaliza-
tion.?”2® This may be due to cast resorption or migration in
cases of low NBCA concentrations or partial occlusion.*!?

! Clinical Experiences

Since NBCA has been widely used as a vascular emboliza-
tion agent for the past 40 years, a wealth of knowledge has
been accumulated. In Japan, guidelines for the proper use
of liquid embolic substances, NBCA and EVOH, have been
issued to ensure their safe use.' The Japanese Registry of
Neuroendovascular Therapy (JR-NET), a database based on
a multicenter, retrospective, observational study, has shown
positive results for a variety of cerebrovascular lesions.



For the treatment of brain AVM, a total of 987 embo-
lization procedures were reviewed from JR-NET1 and 2
databases from 2005 to 2009.2» NBCA alone or NBCA
plus other embolization materials were used in 732 cases
(74.2%). The primary endpoint, a modified Rankin Scale
(mRS) score of 0-2 at 30 days postoperatively, was
obtained in 790 patients (80.1%). The technical success
rate of the procedure in all patients, including those using
embolic materials other than NBCA, was good at 98.8%.

In the JR-NET3 database, which contains cases from
2010 to 2014, 1042 embolizations in 780 cases of brain
AVM were analyzed.’? Preoperative embolization was
performed 638 times (61.2%), pre-radiosurgery 160 times
(15.4%), targeted embolization 144 times (13.8%), and
radical embolization 87 times (8.3%). The embolization
materials used were NBCA 627 times (60.2%), EVOH 432
times (41.5%), and coil 165 times (15.8%). In this study,
the technical success rate of total embolization was 98.2%,
with good results (mRS 0-2) at 30 days postoperatively
in 71.3% of patients. In a meta-analysis of 103 studies
evaluating outcomes with NBCA or EVOH for unruptured
AVMs, the neurologic outcome was 5.2% and 6.8% in the
NBCA and EVOH groups, respectively. The AVM com-
plete occlusion rate was 13.7% in the NBCA group and
24% in the EVOH group.3V

From the JR-NET3 database, 2121 embolization proce-
dures for dAVF were also analyzed.*® Of these, 818 (44%)
underwent transarterial embolization alone, and 527 (61%)
used NBCA. Univariate analysis showed that the use of
NBCA was not associated with complications. A good
technical success rate of 98.0% was achieved for the pro-
cedure in all patients, including those with embolic mate-
rial other than NBCA, and complications were observed in
7.7% of cases.

For spinal cord vascular lesions, NBCA is currently
the standard embolization material used, and the efficacy
of EVOH is unknown.?® From the JR-NET2 and 3 data-
bases, 172 cases of spinal dAVF were analyzed.?® Curative
treatment was planned in 79.1% of cases, and NBCA was
the main embolic agent. Overall, 60.5% of patients had
a favorable outcome (mRS 0-2) at 30 days, the primary
endpoint. On multivariate analysis, only complete shunt
occlusion was associated with postoperative neurological
improvement.

For the embolization of intracranial tumors, 1018 cases
were analyzed from the JR-NET2 database.’> Compli-
cations were observed in 1.48% of cases, with emboli-
zation of non-meningioma tumors being associated with
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complications in multivariate analysis. In addition, 1545
patients who underwent intracranial tumor embolization
were analyzed from the JR-NET3 database.’® Liquid
embolic material was used in 627 patients (40.6%), with
NBCA considered the primary embolic material. In all
patients, the primary endpoint of a good outcome (mRS
0-2) at 30 days was achieved in 89.5% of cases. Complica-
tions were observed in 3.7% of patients, and on multivariate
analysis, risk factors for complications were embolization
of target vessels other than the external carotid artery and
the use of liquid embolic material.

Embolization of the middle meningeal artery (MMA)
for chronic subdural hematoma (CSDH) has become
widespread as an effective treatment since it was first
reported in 2000.3” MMA embolization is used as both
a standalone treatment and as an adjunct to surgical
evacuation of hematoma.’®*® MMA is currently embo-
lized with several kinds of materials, such as coils, poly-
vinyl alcohol (PVA), NBCA, and EVOH. Sioutas et al.
reviewed a total of 18 studies, including 507 cases of
MMA embolization with liquid embolization materials,
namely NBCA and EVOH.*? The rate of hematoma size
reduction was good at 97%, radiographic recurrence was
3%, reoperation was 3%, and the overall complication
rate was 1%. A meta-analysis comparing embolic agents
for MMA embolization was conducted, analyzing 31
studies with 1134 patients.*" There was no difference in
the recurrence rate (5.0% for PVA, 4.0% for NBCA, and
6.9% for EVOH) and procedural complication (1.8% for
PVA, 3.6% for NBCA, and 1.6% for EVOH) based on the
embolic agent.

| Conclusion

Safe and optimal endovascular treatment with liquid
embolization material requires practical expertise and
experience. Embolization with NBCA is an effective treat-
ment for various lesions not only in the cerebrospinal cord
and head and neck region but also in the entire body. With
NBCA now officially approved as a vascular emboliza-
tion material, the range of indications and demand for it
is expected to expand. Because NBCA has properties and
advantages not found in other liquid embolic materials,
embolization with NBCA requires accurate evaluation of
vascular anatomy, careful attention to the technical details
of injection, making the material radiopaque with Lipi-
odol, and modulation of the polymerization rate based on
the surgeon’s knowledge and skills.

5



Kidani N and Hirotsune N

| Disclosure Statement

All authors have no conflict of interest.

| References

)

2)

3)

4

5)

6)

7)

8)

9)

10)

11)

The Japanese Society for Neuroendovascular Therapy, The
Japan Neurosurgical Society, The Japanese Society of Inter-
ventional Radiology. Guidelines for the Proper Use of Lig-
uid Embolic Agents in Neurology. (in Japanese) http://jsnet.
website/contents/%93K %90%B3%8Eg%97p%8Ew%90;j/
LQM%93K%90%B3%8Eg%97p%8Ew%90j2022-2.pdf
(Accessed: April, 2022)

n-BCA Trail Investigators. N-butyl cyanoacrylate emboli-
zation of cerebral arteriovenous malformations: results of
a prospective, randomized, multi-center trial. A/NR Am J
Neuroradiol 2002; 23: 748-755.

Takeuchi Y, Morishita H, Sato Y, et al. Guidelines for the
use of NBCA in vascular embolization devised by the
Committee of Practice Guidelines of the Japanese Society
of Interventional Radiology (CGJSIR), 2012 edition. Jpn J
Radiol 2014; 32: 500-517.

Brothers MF, Kaufmann JC, Fox AJ, et al. n-Butyl
2-cyanoacrylate--substitute for IBCA in interventional
neuroradiology: histopathologic and polymerization time
studies. AJNR Am J Neuroradiol 1989; 10: 777-786.
Cooke D, Ghodke B, Natarajan SK, et al. Embolization
in the head and neck. Semin Intervent Radiol 2008; 25:
293-309.

Loffroy R. Which acrylic glue should be used for transcath-
eter arterial embolization of acute gastrointestinal tract
bleeding? AJR Am J Roentgenol 2015; 205: W465.
Leonardi M, Barbara C, Simonetti L, et al. Glubran 2: a
new acrylic glue for neuroradiological endovascular use:
experimental study on animals. /nterv Neuroradiol 2002;
8:245-250.

Comby PO, Guillen K, Chevallier O, et al. Endovascular
use of cyanoacrylate-lipiodol mixture for peripheral embo-
lization: properties, techniques, pitfalls, and applications.
J Clin Med 2021; 10: 4320.

Oowaki H, Matsuda S, Sakai N, et al. Non-adhesive cyano-
acrylate as an embolic material for endovascular neurosur-
gery. Biomaterials 2000; 21: 1039-1046.

Stoesslein F, Ditscherlein G, Romaniuk PA. Experi-
mental studies on new liquid embolization mixtures
(histoacryl-lipiodol, histoacryl-panthopaque). Cardiovasc
Intervent Radiol 1982; 5: 264-267.

Calvo WIJ, Lieber BB, Hopkins LN, et al. Europium flu-
orescence to visualize N-butyl 2-cyanoacrylate in emboli-
zed vessels of an arteriovenous malformation swine model.
AJNR Am J Neuroradiol 2001; 22: 691-697.

6

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Pollak JS, White RI Jr. The use of cyanoacrylate adhesives
in peripheral embolization. J Vasc Interv Radiol 2001; 12:
907-913.

Natarajan SK, Born D, Ghodke B, et al. Histopathological
changes in brain arteriovenous malformations after embo-
lization using Onyx or N-butyl cyanoacrylate. J Neurosurg
2009; 111: 105-113.

White RI Jr, Strandberg JV, Gross GS, et al. Therapeu-
tic embolization with long-term occluding agents and
their effects on embolized tissues. Radiology 1977; 125:
677-687.

Vinters HV, Galil KA, Lundie MJ, et al. The histotoxicity of
cyanoacrylates. A selective review. Neuroradiology 1985;
27:279-291.

Gruber A, Mazal PR, Bavinzski G, et al. Repermeation of
partially embolized cerebral arteriovenous malformations:
a clinical, radiologic, and histologic study. A/NR Am J Neu-
roradiol 1996; 17: 1323-1331.

Cylwik B, Darewicz J, Karasewicz B. Morphometric
and histological examinations of dog kidneys after em-
bolization of the renal artery with the cyanoacrylic glue
“Chirurcoll-Polfa”. Int Urol Nephrol 1985; 17: 303-309.
Kurita H, Shiokawa Y, Segawa H, et al. Delayed parent ar-
tery narrowing occurring months after aneurysm surgery: a
complication after aneurysm surgery—technical case report.
Neurosurgery 1995; 36: 1225-1229.

Kudo T, Iihara K, Murao K, et al. Dissecting aneurysm of
the vertebral artery developed after microvascular decom-
pression for hemifacial spasm. Interv Neuroradiol 2006;
12(Suppl 1): 145-147.

Akin ED, Perkins E, Ross IB. Surgical handling charac-
teristics of an ethylene vinyl alcohol copolymer compared
with N-butyl cyanoacrylate used for embolization of ves-
sels in an arteriovenous malformation resection model in
swine. J Neurosurg 2003; 98: 366-370.

E-Learning Site for the Proper Usage of Histoacryl. (in
Japanese) https://bbraun-learning.jp/#/register. (Accessed:
December, 2022)

Liu HM, Huang YC, Wang YH. Embolization of cerebral
arteriovenous malformations with n-butyl-2-cyanoacrylate.
J Formos Med Assoc 2000; 99: 906-913.

Bracard S, Macho-Fernandez JM, Wang X, et al. Influence
of temperature on embolisation with cyanoacrylate. /nterv
Neuroradiol 1998; 4: 301-305.

Mine T, Yasui D, Saito H, et al. Effects of temperature al-
teration on viscosity, polymerization, and in-vivo arterial
distribution of N-butyl cyanoacrylate-iodized oil mixtures.
Jpn J Radiol 2021; 39: 1111-1118.

Moore C, Murphy K, Gailloud P. Improved distal distribu-
tion of n-butyl cyanoacrylate glue by simultaneous injec-
tion of dextrose 5% through the guiding catheter: technical
note. Neuroradiology 2006; 48: 327-332.


http://jsnet.website/contents/%93K%90%B3%8Eg%97p%8Ew%90j/LQM%93K%90%B3%8Eg%97p%8Ew%90j2022-2.pdf
http://jsnet.website/contents/%93K%90%B3%8Eg%97p%8Ew%90j/LQM%93K%90%B3%8Eg%97p%8Ew%90j2022-2.pdf
http://jsnet.website/contents/%93K%90%B3%8Eg%97p%8Ew%90j/LQM%93K%90%B3%8Eg%97p%8Ew%90j2022-2.pdf
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1007/s11604-014-0328-7
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.1055/s-0028-1085929
https://doi.org/10.2214/AJR.15.14874
https://doi.org/10.2214/AJR.15.14874
https://doi.org/10.2214/AJR.15.14874
https://doi.org/10.2214/AJR.15.14874
https://doi.org/10.2214/AJR.15.14874
https://doi.org/10.2214/AJR.15.14874
https://doi.org/10.1177/159101990200800304
https://doi.org/10.1177/159101990200800304
https://doi.org/10.1177/159101990200800304
https://doi.org/10.1177/159101990200800304
https://doi.org/10.1177/159101990200800304
https://doi.org/10.1177/159101990200800304
https://doi.org/10.1177/159101990200800304
https://doi.org/10.1177/159101990200800304
https://doi.org/10.3390/jcm10194320
https://doi.org/10.3390/jcm10194320
https://doi.org/10.3390/jcm10194320
https://doi.org/10.3390/jcm10194320
https://doi.org/10.3390/jcm10194320
https://doi.org/10.3390/jcm10194320
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1016/S0142-9612(99)00278-1
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1007/BF02565409
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.1016/S1051-0443(07)61568-1
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.3171/2008.12.JNS08441
https://doi.org/10.1148/125.3.677
https://doi.org/10.1148/125.3.677
https://doi.org/10.1148/125.3.677
https://doi.org/10.1148/125.3.677
https://doi.org/10.1148/125.3.677
https://doi.org/10.1148/125.3.677
https://doi.org/10.1148/125.3.677
https://doi.org/10.1148/125.3.677
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF00339559
https://doi.org/10.1007/BF02083498
https://doi.org/10.1007/BF02083498
https://doi.org/10.1007/BF02083498
https://doi.org/10.1007/BF02083498
https://doi.org/10.1007/BF02083498
https://doi.org/10.1007/BF02083498
https://doi.org/10.1007/BF02083498
https://doi.org/10.1007/BF02083498
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1227/00006123-199506000-00029
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.1177/15910199060120S124
https://doi.org/10.3171/jns.2003.98.2.0366
https://doi.org/10.3171/jns.2003.98.2.0366
https://doi.org/10.3171/jns.2003.98.2.0366
https://doi.org/10.3171/jns.2003.98.2.0366
https://doi.org/10.3171/jns.2003.98.2.0366
https://doi.org/10.3171/jns.2003.98.2.0366
https://doi.org/10.3171/jns.2003.98.2.0366
https://doi.org/10.3171/jns.2003.98.2.0366
https://bbraun-learning.jp/#/register
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1177/159101999800400406
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s11604-021-01143-3
https://doi.org/10.1007/s00234-006-0059-2
https://doi.org/10.1007/s00234-006-0059-2
https://doi.org/10.1007/s00234-006-0059-2
https://doi.org/10.1007/s00234-006-0059-2
https://doi.org/10.1007/s00234-006-0059-2
https://doi.org/10.1007/s00234-006-0059-2
https://doi.org/10.1007/s00234-006-0059-2
https://doi.org/10.1007/s00234-006-0059-2

26)

27)

28)

29)

30)

31)

32)

33)

34)

Alaraj A, Dashti R, Mehta NK, et al. Augmentation of
N-butyl cyanoacrylate embolization of cranial, head, and
neck tumors by simultaneous infusion of 5% dextrose solu-
tion. J Neurointerv Surg 2015; 7: 463—470.

Rao VR, Mandalam KR, Gupta AK, et al. Dissolution of
isobutyl 2-cyanoacrylate on long-term follow-up. AJNR
Am J Neuroradiol 1989; 10: 135-141.

Mazal PR, Stichenwirth M, Gruber A, et al. Tissue reac-
tions induced by different embolising agents in cerebral ar-
teriovenous malformations: a histopathological follow-up.
Pathology 2006; 38: 28-32.

Kondo R, Matsumoto Y, Endo H, et al. Endovascular embo-
lization of cerebral arteriovenous malformations: results of
the Japanese Registry of Neuroendovascular Therapy (JR-
NET) 1 and 2. Neurol Med Chir (Tokyo) 2014; 54: 54-62.
Sato K, Matsumoto Y, Tominaga T, et al. Complications of
endovascular treatments for brain arteriovenous malforma-
tions: a nationwide surveillance. AJNR Am J Neuroradiol
2020; 41: 669-675.

Elsenousi A, Aletich VA, Alaraj A. Neurological out-
comes and cure rates of embolization of brain arteriove-
nous malformations with n-butyl cyanoacrylate or Onyx: a
meta-analysis. J Neurointerv Surg 2016; 8: 265-272.
Hiramatsu M, Sugiu K, Hishikawa T, et al. Results of 1940
embolizations for dural arteriovenous fistulas: Japanese
Registry of Neuroendovascular Therapy (JR-NET3). J
Neurosurg 2019; 133: 166—-173.

Blackburn SL, Kadkhodayan Y, Ray WZ, et al. Onyx is
associated with poor venous penetration in the treatment
of spinal dural arteriovenous fistulas. J Neurointerv Surg
2014; 6: 536-540.

Tsuruta W, Matsumaru Y, Iihara K, et al. Clinical char-
acteristics and endovascular treatment for spinal dural

35)

36)

37)

38)

39)

40)

41)

NBCA: Basic Knowledge

arteriovenous fistula in Japan: Japanese Registry of Neu-
roendovascular Therapy 2 and 3. Neurol Med Chir
(Tokyo) 2019; 59: 492-497.

Hishikawa T, Sugiu K, Hiramatsu M, et al. Nationwide sur-
vey of the nature and risk factors of complications in em-
bolization of meningiomas and other intracranial tumors:
Japanese Registry of NeuroEndovascular Therapy 2 (JR-
NET2). Neuroradiology 2014; 56: 139—144.

Sugiu K, Hishikawa T, Murai S, et al. Treatment outcome
of intracranial tumor embolization in Japan: Japanese Reg-
istry of NeuroEndovascular Therapy 3 (JR-NET3). Neurol
Med Chir (Tokyo) 2019; 59: 41-47.

Mandai S, Sakurai M, Matsumoto Y. Middle meningeal
artery embolization for refractory chronic subdural hemato-
ma. Case report. J Neurosurg 2000; 93: 686—688.

Ku JC, Dmytriw AA, Essibayi MA, et al. Embolic agent
choice in middle meningeal artery embolization as primary
or adjunct treatment for chronic subdural hematoma: a sys-
tematic review and meta-analysis. AJ/NR Am J Neuroradiol
2023; 44: 297-302.

Sattari SA, Yang W, Shahbandi A, et al. Middle meningeal
artery embolization versus conventional management for pa-
tients with chronic subdural hematoma: a systematic review
and meta-analysis. Neurosurgery 2023; 92: 1142—-1154.
Sioutas GS, Vivanco-Suarez J, Shekhtman O, et al. Liquid
embolic agents for middle meningeal artery embolization
in chronic subdural hematoma: Institutional experience
with systematic review and meta-analysis. Interv Neurora-
diol 2023: 15910199231183132.

Ellens NR, Schartz D, Kohli G, et al. Safety and efficacy
comparison of embolic agents for middle meningeal artery
embolization for chronic subdural hematoma. J Cerebrovasc
Endovasc Neurosurg 2024; 26: 11-22. [Epub ahead of print].


https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1136/neurintsurg-2013-011071
https://doi.org/10.1080/00313020500455795
https://doi.org/10.1080/00313020500455795
https://doi.org/10.1080/00313020500455795
https://doi.org/10.1080/00313020500455795
https://doi.org/10.1080/00313020500455795
https://doi.org/10.1080/00313020500455795
https://doi.org/10.1080/00313020500455795
https://doi.org/10.1080/00313020500455795
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.2176/nmc.oa2013-0183
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.3174/ajnr.A6470
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2014-011427
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.1136/neurintsurg-2013-010779
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.2176/nmc.st.2018-0218
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.1007/s00234-013-1300-4
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.2176/nmc.st.2018-0220
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3171/jns.2000.93.4.0686
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.3174/ajnr.A7796
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1227/neu.0000000000002365
https://doi.org/10.1177/15910199231183132
https://doi.org/10.1177/15910199231183132
https://doi.org/10.1177/15910199231183132
https://doi.org/10.1177/15910199231183132
https://doi.org/10.1177/15910199231183132
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002
https://doi.org/10.7461/jcen.2023.E2023.04.002

