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Abstract
Purpose: Several studies have reported the benefits of embolization with N-butyl cyanoacrylate (NBCA); how-
ever, few of them have been prospectively studied. This study aimed to prospectively evaluate the safety and 
feasibility of NBCA embolization, including cases of coagulopathy and/or unstable hemodynamics.
Materials and Methods: This study involved a sample of 20 cases treated with NBCA embolization. Cases 
were excluded from the study if other embolic substances were considered more suitable, if NBCA emboliza-
tion was utilized for cerebral and coronary vessels, or if the operators determined that NBCA use was unsuit-
able.
Results: There were no cases of severe adverse events specific to NBCA and embolization was successful in all 
cases.
Conclusion: NBCA embolization is a safe and feasible treatment option, even for cases of coagulopathy and/or 
unstable hemodynamics.
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Introduction

Percutaneous embolization is a commonly used 
procedure for treating various conditions affecting 
blood vessels. The devices and materials used for em-
bolization include metallic coils, gelatin sponges, 
vascular plugs, microspheres, and n-butyl cyanoacry-
late (NBCA), each of which has different characteris-
tics. NBCA is a cyanoacrylate-based instant adhesive 
that is known to polymerize and adhere when in con-
tact with anions in the blood; this property has recent-
ly been leveraged for intravascular embolization. The 
characteristics that distinguish NBCA from other em-
bolic materials are that it is a liquid and can reach 
vessels distal to the catheter tip with the blood flow, it 
has a short time to achieve embolic effect 1), the em-

bolic effect tends to be maintained for a longer dura-
tion 2, 3), it is useful even in patients with coagulopa-
thy 4), it has the ability to embolize vessels as a cast 5), 
and it has the ability to control the extent of emboli-
zation by mixing it with lipiodol 6, 7). Nevertheless, 
NBCA has some specific difficulties. It is originally a 
medical adhesive; thus, backflow of NBCA around 
the catheter tip can cause the catheter to adhere to the 
vessel wall. If the mixing ratio with lipiodol is not ap-
propriate or if NBCA flows back, it can embolize an 
undesired area. Therefore, some recommend that 
NBCAs should be used by experienced operators or 
with their assistance 2).

Several benefits of NBCA embolization have 
been reported; however, only a few have been pro-
spectively studied 8). In this study, we prospectively 
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evaluated the safety and feasibility of NBCA emboli-
zation at a single center.

This study was approved by the institutional re-
view board at St. Marianna University School of 
Medicine (approval number: 2520).

Materials and Methods

This study aimed to evaluate the safety and fea-
sibility of embolization with NBCA in a small sample 
of 20 cases. It began in August 2015 and was com-
pleted after the 20th case. NBCA embolization was 
the treatment method in all the cases. When consent 
could be obtained for a case, a signed consent form 
was obtained for all cases. The investigators ex-
plained the study to the patients or their proxies using 
a consent document that included the purpose, meth-
ods, alternative treatments, and possible complica-
tions, as approved by the institutional review board, 
and obtained their free will consent in writing. For 
emergency cases where consent could only be ob-
tained after the study, the purpose, methods, alterna-
tive treatments, and possible complications of the 
treatment were explained to the patient or his/her 
proxy as much as possible. Subsequently, patient 
consent was obtained and noted in the medical re-
cords.

Patients
In accordance with the characteristics of NBCA 

and the guidelines published by the Japanese Society 
of Interventional Radiology in 2014 2), the inclusion 
and exclusion criteria for this study were set as fol-
lows.

The study included patients for whom emboliza-
tion with metallic coils, gelatin sponges, vascular 
plugs, or microspheres was not expected to be ade-
quate for bleeding, pseudoaneurysms, hypervascular 
tumors, and vascular lesions (such as aneurysms, vas-
cular malformations, endoleaks after aortic stenting, 
and varicose veins) and arterial redistribution before 
transarterial treatment (in other words, embolization 
of other branches in order to concentrate the drug dis-
tribution in the targeted artery, such as in arterial in-
jection chemotherapy). Specifically, the following sit-
uations were included in the study: 1) cases in which 
it was deemed difficult to reach the target lesion due 
to the condition of the vessels, because metallic coils 
or vascular plugs cannot be delivered to the target in 
such cases; 2) cases in which the condition of the 
blood vessels indicates a possible deviation of the 
metallic coils or vascular plugs; 3) cases in which it 

was deemed necessary to embolize blood vessels for 
long sections, such as vascular malformations and ar-
teriovenous fistulas; 4) cases in which embolization 
time must be shortened; 5) cases in which the embo-
lization effect must be maintained for a long duration; 
6) cases with coagulopathy; and 7) situations in 
which NBCA must be used as an emergency evacua-
tion, such as in cases of severe hemorrhage with un-
stable hemodynamics. Patients were excluded from 
the study if embolization with other embolic sub-
stances was deemed more useful, if NBCA emboliza-
tion was used for cerebral and coronary vessels, or if 
operators determined that NBCA use was unsuitable 
for other reasons such as vascular anatomy. The oper-
ators determined the inclusion of the patients in this 
study according to the criteria mentioned above. Be-
cause it was expected that cases of severe bleeding 
would be included in the study, it was not possible to 
set further eligibility criteria that would limit the 
choice of embolizing materials to the operators.

Study discontinuation criteria
The criteria for discontinuing participation in the 

study were as follows: 1) patient withdrawal of con-
sent; 2) discovery of patient ineligibility after enroll-
ment; and 3) operator decision to discontinue treat-
ment for other reasons. Severe NBCA-specific 
adverse events were promptly reported to the institu-
tional review board and the Clinical Trial Subcom-
mittee for permission to continue the study. The 
NBCA-specific adverse events were the adherence of 
the catheter to the vessel wall and the embolization of 
non-target vessels due to undesired NBCA spread. 
The serious adverse events were considered to be the 
following: need for additional treatments, prolonged 
hospitalization, permanent disability, life-threatening 
situation, or death.

Treatment Method
Interventional radiologists with at least eight 

years and sufficient experience with NBCA were en-
rolled as operators. The catheter or puncture needle 
was inserted at the target site via intravascular ap-
proach or percutaneously: catheterization was used in 
cases where it was deemed possible to approach the 
target intravascularly from nearby; in cases where the 
target was large and difficult to approach intravascu-
larly, as in type 2 endoleaks, the needle was percuta-
neously punctured directly in the target under image 
guidance. A contrast agent was injected through the 
lumen of the catheter or needle to determine the mix-
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ing ratio of NBCA and lipiodol based on the distance 
to the target, vessel diameter, and flow velocity. The 
basis for the determination was that the higher the ra-
tio of NBCA, the earlier the NBCA-Lip polymerizes 
after injection to achieve an embolic effect; while the 
lower the ratio of NBCA, the longer it takes to po-
lymerize after injection and the farther the NBCA-
Lip reaches the site to achieve an embolic effect. To 
prevent embolization in the catheter due to premature 
polymerization, the lumen of the catheter or puncture 
needle was flushed with a 5% glucose solution and 
NBCA-Lip was immediately injected under X-ray 
fluoroscopy or digital subtraction angiography 
(DSA). After injection, the catheter/puncture needle 
was immediately removed to prevent vessel wall ad-
hesion. If necessary, the above procedure was repeat-
ed until complete embolization. The use of an adjunc-
tive metallic coil or balloon catheter was also 
acceptable to better control the extent of embolization 
than that with NBCA alone.

Assessment
Assessment of safety and feasibility was deter-

mined by changes in physical findings, blood tests, 
and imaging studies. For safety evaluation, we evalu-
ated NBCA-specific adverse events; the study was 
designed to include several cases of critical bleeding 
with severe systemic conditions, which are not appro-
priate for evaluating the safety of embolization. For 
the same reason, we did not define clinical success in 
this study. Instead, a satisfactory disappearance of 
blood flow in the embolized vessel on angiography or 
a filling enough NBCA into the endoleak sac indicat-
ed a successful embolization. As a rule, post-emboli-
zation evaluations were performed either on the same 
day or 1—7 days after embolization.

Results

From December 2015 to December 2017, 20 
procedures were performed for 19 patients in this 
study. The patient characteristics and methods are 
shown in Table 1 and the embolization sites and pro-
cedure methods in Table 2. Two procedures were 
performed for type 2 endoleak for one case (case 3). 
However, due to a 22-month interval between the 
procedures and the use of different techniques, they 

Table 1. Patients Characteristics
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were considered independent of each other. The study 
was terminated, as scheduled, after the twentieth 
case. The ages ranged from 30 to 90 years (mean 69.3 
years). The patients included 10 males and nine fe-
males. Embolization was performed for different pur-
poses: to control arterial bleeding in 10 cases, to em-
bolize endoleaks after aortic stenting in seven 
procedures for six cases, to alter arterial distribution 
before transarterial chemotherapy for extensive breast 
cancer in two cases, and to embolize the internal iliac 
artery before aortic stenting for the remaining case. 
Seven patients had coagulopathy, and eight patients 
had hemodynamic instability; all of them had bleed-
ing problems.

The embolized sites were endoleak sacs for six 
procedures in five cases, lumbar arteries for 5 proce-
dures in 4 cases, gastroduodenal artery (GDA) or 

branches for two cases, internal iliac arteries for two 
cases, internal mammary arteries for two cases, arter-
ies of the lower extremities for one case, posterior su-
perior pancreaticoduodenal artery (PSPDA) for one 
case, internal mesenteric artery (IMA) for one case, 
subphrenic artery for one case, deep iliac circumflex 
artery for one case, and splenic artery for one case. 
The methods of approach to the site of embolization 
included the transarterial catheter approach for 17 
procedures, direct puncture for two procedures, and 
their combination for one procedure. Seven proce-
dures used adjunctive embolic material, all of which 
were metallic coils, and none of the procedures used 
balloon catheters as an adjunct.

There were no cases of severe adverse events 
specific to NBCA and embolization was successful 
for all cases.

Table 2. Embolization Sites and Procedure Methods
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Discussion

There have been reports on the use of NBCA as 
an intravascular embolic material for treating various 
diseases, such as embolization of aneurysms to pre-
vent rupture 9), hemostasis for severe bleeding 10-13), 
embolization to control blood loss before surgical re-
moval of hypervascular tumors 14, 15), embolization for 
vascular malformation 16-18), arterial redistribution be-
fore transarterial treatment 19), and embolization for 
endoleak after aortic stent placement 20, 21). The use of 
NBCA embolization to treat cerebrovascular dis-
ease 16, 18) and varicose veins 22) has been reported by 
several prospective studies; however, only a few pro-
spective studies have reported on its use to treat other 
diseases.

Sugawara et al. recently reported 64 cases treat-
ed with embolization using NBCA in a multicenter 
prospective study; the majority of these cases were 
active bleeding, pseudoaneurysms, vascular malfor-
mations, and arterial redistribution before transarterial 
treatment 8). However, in that study, cases of dissemi-
nated intravascular coagulation (DIC) and unstable 
hypotension were excluded because they were 
deemed inappropriate for the evaluation of safety and 
usefulness, and cases of endoleaks after aortic stent-
ing were excluded because they were challenging to 
evaluate for the embolic effect. In contrast, our study 
did not exclude these cases because we considered 
them to be inherently important for NBCA applica-
tions. Of the 10 cases of bleeding in our study, seven 
were associated with coagulopathy and eight with un-
stable hemodynamics, indicating that NBCA was 
more likely to be selected for cases of severe bleeding 
leading to coagulopathy and/or unstable hemodynam-
ics. Furthermore, other than the bleeding cases, cases 
of endoleak after aortic stenting were the most com-
mon.

There have been several reports of adverse 
events specific to the use of NBCA, such as catheter 
adherence to the vessel wall resulting in catheter rup-
ture 18, 23), NBCA fragment dispersion during catheter 
withdrawal and consequent non-target emboliza-
tion 18), and non-target vessel embolization due to the 
unexpected peripheral spread of the NBCA or central 
overflow from the tip of the infusion catheter 18, 24, 25). 
However, to the best of our knowledge, these reports 
only highlighted a few adverse events of NBCA and 
rarely indicated their frequency. The prospective 
study by Sugawara et al. reported that grade ≥  3 ad-
verse events, thought to be related to embolization, 

occurred in 17.2% of cases 8). Embolization naturally 
results in ischemia of the dominant region as a trade-
off for its efficacy. However, based on guidelines of 
the Japanese Society for Interventional Radiology, we 
focused on the undesired spread of the NBCA and 
catheter adherence to the vessel wall as NBCA-spe-
cific complications 2). Adopting this definition, 
NBCA-specific adverse events described in the study 
by Sugawara et al. included only one case of non-tar-
get embolization (1.6%). In our current study, no 
NBCA-specific adverse events were observed.

In the prospective study by Sugawara et al., the 
success rates of embolization were reported to be 
98.4% for cases and 99.0% for vessels. In contrast, 
embolization was successful for all cases in our cur-
rent study, with a success rate of 100%. While several 
retrospective studies have already reported the useful-
ness of NBCA embolization for cases of coagulopa-
thy or unstable hemodynamics 4, 12, 26), our current 
study is noteworthy because we have demonstrated in 
a prospective study that NBCA embolization can 
have a 100% success rate, even for patients with co-
agulopathy and/or unstable hemodynamics.

The lack of adverse events specific to NBCA 
and the high success rate of embolization in this 
study relative to previous reports can be attributed to 
the careful case selection since the final decision to 
use NBCA in this protocol depends on the decision of 
the individual operators. In addition, the embolization 
procedures were performed by experienced operators.

This study has some limitations. First, it was 
based on a few cases at a single center. Second, there 
may have been selection bias with the high rates of 
bleeding and endoleaks. Third, the selection of cases 
for NBCA embolization and technical factors such as 
the mixing ratio of NBCA-Lip and its injection loca-
tion depends on the operator’s experience and subjec-
tivity. Fourth, adverse events caused by embolization 
were not evaluated. Finally, the observation period 
was short.

In conclusion, NBCA embolization is safe and 
feasible, even for cases of coagulopathy and/or unsta-
ble hemodynamics. In other words, our results also 
support the safety and feasibility of NBCA emboliza-
tion in cases of severe bleeding in a prospective 
study.
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