
N-Butyl Cyanoacrylate Embolization of Cerebral
Arteriovenous Malformations: Results of a

Prospective, Randomized, Multi-center Trial

The n-BCA Trial Investigators

BACKGROUND AND PURPOSE: Liquid N-butyl cyanoacrylate (n-BCA) use for the treatment
of arteriovenous malformations (AVM) in the brain has become part of medical practice.
However, no study has led to the Food and Drug Administration’s approval of n-BCA for
intravascular use. The purpose of this study was to verify the effectiveness and safety of an
n-BCA/Tantalum Powder/Ethiodized Oil mixture, compared with conventional treatment
(Trufill polyvinyl alcohol [PVA]) for preoperative embolization of cerebral AVM.

METHODS: Between October 15, 1996, and March 24, 1999, 104 patients at 13 centers were
prospectively randomized to undergo embolization using an n-BCA/Tantalum Powder/Ethiodol
mixture or Trufill PVA. The pre-embolization therapy goals were determined in terms of the
number of pedicles to be embolized and the percent of nidus reduction expected. Embolization
results were evaluated by a central laboratory. Subsequent surgical resection data were re-
corded. Safety evaluation data included recording device complications, procedure complica-
tions, and intracranial events/overall neurologic outcomes, which could be either device-related,
procedure-related, or both.

RESULTS: The reduction of AVM dimensions (79.4% in the n-BCA group and 86.9% in the
PVA group) and the mean number of vessels embolized (2.2 in the n-BCA group and 2.1 in the
PVA group) was similar in the two groups. Coils were used more commonly with PVA
embolization (P < .0001). No differences were detected in surgical resection time, number of
patients who required tranfusion, volume and number of transfusion units, or type and volume
of fluid replacement. Glasgow Outcome Scale scores were not significantly different between the
two groups before treatment, after embolization, or after resection. Two of 42 patients who
underwent resection and had been treated with n-BCA experienced post-resection hematoma,
compared with eight of 45 patients who underwent resection and had been treated with PVA
(P < .05).

CONCLUSION: This prospective, randomized trial showed that n-BCA is equivalent to PVA
as a preoperative embolic agent for treatment of cerebral AVM as determined by percent of
nidus reduction and number of feeding pedicles embolized.

Embolization of cerebral arteriovenous malforma-
tions (AVM) is a well-accepted treatment adjunct to
aid in surgical resection (1–6). Polyvinyl alcohol
(PVA) sponge particles and platinum coils have been
shown to be useful in that regard and are approved by
the Food and Drug Administration for intravascular
use (7). Liquid N-butyl cyanoacrylate (n-BCA) has
also become a part of medical practice based on

theories presented as early as the 1960s regarding the
advantages of depositing liquid embolic agents into
the AVM nidus (8). However, until now, no study has
led to approval of n-BCA for intravascular use by the
Food and Drug Administration. A number of large
case series of preoperative cyanoacrylate emboliza-
tion have been published (4–6, 9–14), but no pro-
spective direct comparison of the safety and effective-
ness of particulate agents versus n-BCA has been
performed. A previous retrospective analysis of PVA
versus n-BCA use has suggested that n-BCA is at
least equivalent to PVA in aiding resectability and
that it is perhaps superior in decreasing clinical com-
plications (15).

We have recently completed, and herein report, the
first prospective, multi-center, single-blind random-
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ized study to verify that n-BCA opacified with Ethio-
dized Oil and Tantalum Powder is as safe and effec-
tive as (and, perhaps in some patients, superior to)
PVA or coil treatment for preoperative devascular-
ization of cerebral AVM.

Methods
One hundred four patients with cerebral AVM were ran-

domized to undergo embolization with either PVA or n-BCA
opacified with Ethiodized Oil and Tantalum Powder (Cordis
Neurovascular, Inc., Miami Lakes, FL) as preoperative treat-
ment to aid in surgical resection. The study was conducted at 13
centers. The number of patients included from each center was
17, 13, 13, 11, 11, 10, nine, five, five, four, three, two, and one,
respectively. The treating physicians were experienced in AVM
embolization and participated in laboratory instruction in the
use of the liquid embolic system. The mean patient age was
39.1 years (62 male and 42 female patients), mean Spetzler-
Martin grade was 2.9 (range, 1–5), and mean lesion volume was
21.7 cc for the PVA group and 22.1 cc for the n-BCA group.
Inclusion criteria were as follows: 1) patient had Spetzler-Martin
grade 3, 4, or 5 cerebral AVM (16); or 2) patient had Spetzler-
Martin grade 1 or 2 AVM and AVM feeding pedicle was in area
difficult to surgically access or anticipated benefit of embolization
was greater than risk (eg, embolization of a known pedicle/
intranidal aneurysm while the patient’s condition is stabilizing
before resection, which is a circumstance that might occur in the
setting of acute intracerebral hemorrhage) (17, 18).

After randomization, the operators assessed the angioarchi-
tectural characteristics of each AVM individually. Based on
medical judgment, the operators chose the microcatheter, mi-
croguidewire, and, depending on the randomization assign-
ment, either the n-BCA/Ethiodized Oil/Tantalum Powder ratio
or the PVA particle sizes to treat the AVM. If indicated, the
operators also selected the configuration, length, and width of
the coils appropriate for a particular AVM. Although coils
were to be used preliminarily to close shunts and reduce PVA
passage through the AVM, they were not allowed as a final
occlusive agent to block the pedicle embolized with PVA.

This prospective study was designed to show equivalence
between experimental n-BCA opacified with Ethiodized Oil
and Tantalum Powder and conventional treatment (PVA and
coils) for the presurgical embolization of cerebral AVM. The
primary efficacy hypothesis was that the degree of vascular
occlusion achieved (as measured by percent of nidus reduction
and number of feeding vessels treated) by using n-BCA is not
inferior to that achieved by using PVA. The secondary efficacy
hypotheses were as follows: 1) the length of time to resect the
AVM is equivalent between the two treatment groups; and 2)
the number of transfusions required as a reflection of total
blood loss during surgery is equivalent between the two treat-
ment groups.

Pre-embolization evaluations included medical/surgical his-
tory, physical examination, and neurologic evaluation, includ-
ing National Institutes of Health Stroke Scale (NIHSS) and
Glasgow Outcome Scale (GOS), conducted by a nurse or phy-
sician examiner not involved in the embolization procedure.
The pre-embolization angiography was performed with 10-mm
metal markers on four sides of the head to measure AVM
dimensions. Pre-embolization therapy goals were determined
by the investigator and recorded as the number of pedicles to
be embolized and the percent of nidus reduction expected.

Intraprocedural data collection included indication for em-
bolization, randomization assignment, embolic agent used, du-
ration of procedure, fluoroscopy time, use of coils, size of PVA
particles or n-BCA/Ethiodized Oil/Tantalum Powder mixture
ratio, and types of catheters and guidewires used.

Post-embolization evaluations included angiography with
measurement markers in place and neurologic evaluation, in-
cluding GOS and NIHSS, performed by an unbiased practitio-

ner. Post-embolization efficacy results were determined by
comparing post-embolization percent of nidus reduction and
number of pedicles occluded, as measured by a central core
laboratory at the University of South Florida, Tampa, FL, to
the pre-procedural goal. AVM dimensions were measured:
maximun length (L), maximum width (W), and maximum
height (H) on biplane films with 10-mm metal markers on both
sides of the head. Volume was determined according to the
formula: (H � L � W)/2 � Volume.

Surgical resection data included length of time to resect the
AVM, volume and number of blood units transfused, and type
and volume of fluid replacement. Safety evaluation data in-
cluded the following: 1) device complications, defined as prod-
uct malfunctions, unintended occurrences, or user error that
caused a neurologic or clinical adverse event (including cathe-
ter occlusion, catheter glued in place, early or late n-BCA
polymerization, and embolic agent pulmonary embolization);
2) procedure complications, defined as adverse events that
resulted from performing the embolization procedure (includ-
ing pulmonary embolism, vessel perforation, vessel dissection,
incorrect vessel occluded, AVM rupture, vasospasm, and hema-
toma); and 3) intracranial events/overall neurologic outcomes,
which could be either device-related, procedure-related, or both
(including ischemia, subarachnoid or parenchymal hemorrhage,
seizure, and postoperative hematomas).

The safety end point determination was made by the inves-
tigator at the site. No post-occurrence adjudication was per-
formed. Other safety measures, although not end points (clin-
ical neurologic examination, GOS, NIHSS), were summarized
at each of the follow-up time periods (after embolization, after
surgical resection, and before hospital discharge). Intent-to-
treat analyses of all safety and efficacy measures were con-
ducted. Additionally, per-protocol analyses of the secondary
efficacy measures were conducted.

Results
One hundred four patients were randomized be-

tween October 15, 1996, and March 24, 1999, 52 to
undergo PVA treatment and 52 to undergo n-BCA/
Ethiodized Oil/Tantalum Powder treatment. Of the
104 patients, 88 (84.6%) completed the treatment
plan, including AVM resection. Two patients in the
PVA group crossed over to treatment with n-BCA
after receiving partial therapy with PVA/coils and
were not included in the efficacy analysis. Forty-five
(86.5%) of the 52 patients who underwent PVA treat-
ment finished the treatment course per protocol (Fig
1). An additional patient was eliminated from analysis
because of inadequate source documentation. Four
patients underwent embolization with PVA but sub-

FIG 1. PVA group treatment flow chart.
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sequently did not undergo resection: one died after
experiencing post-embolization intracerebral hemor-
rhage; one failed provocative testing with amytal in-
jection during stage 2 and did not undergo further
embolization or resection; one underwent emboliza-
tion, withdrew consent for resection, and was lost to
follow-up; and one did not undergo surgery because
of increased intracranial pressure but exhibited nor-
mal function at the 1-year follow-up examination.

In the n-BCA group, 43 (82.7%) patients com-
pleted the study per protocol (Fig 2). Of the nine
patients not completing the study, one patient was not
treated because of an unsafe feeding vessel and loca-
tion characteristics. In two patients, inability to select
the perforating artery feeders led to withdrawal from
the study; both underwent surgical resection and
achieved good outcomes. One patient refused to pro-
ceed with the study after stage 1 embolization with 96
coils and withdrew from further treatment. Two pa-
tients had successful n-BCA injections and then PVA
injections in later stages when the microcatheter
could not be advanced close enough for safe n-BCA
deposition. These patients were not included in the
efficacy analysis. Two patients who underwent embo-
lization did not undergo resection, one after an ad-
verse event with cerebral ischemia and another who
was operated on for hematoma evacuation but not
AVM removal before re-hemorrhage and death oc-
curred. The ninth patient was lost to complete data
analysis because of a prolonged, ongoing hospital
course despite good post-embolization status.

AVM and pretreatment patient characteristics are
outline in Table 1. No significant differences in pa-
tient groups were found. AVM volumes and deep
venous drainage were equally distributed.

Treatment parameters are outlined in Table 2.
Coils were used in 70.9% of PVA procedures but in
only 19% of n-BCA procedures (P � .0001). Al-
though 39 patients in the n-BCA group underwent
embolization without coil use, only nine patients in
the PVA group required no coil use.

PVA particles �500 �m were used in 48.6% of
PVA uses. Particles �500 �m were used in only
36.7% of patients, 24.5% with and 12.2% without
adjunctive coil use.

Three-French infusion catheters and larger guide-
wires (0.014–0.018 in) were typically used in PVA
embolizations. Embolizations with n-BCA usually in-
volved the use of flow-guided catheters and smaller
0.010-in guidewires.

By-volume percentages of n-BCA varied. The me-

FIG 2. n-BCA group treatment flow chart.

TABLE 1: Arteriovenous malformations and patient characteristics

n-BCA PVA

Number of patients 52 50
Spetzler grade, mean (number in

each grade 1–5)
2.9 (5,13,20,11,3) 2.9 (5,14,17,10,3)

Volume (cm3) 22.2 21.7
�6 cm 4 4
Deep venous drainage 26 23
Age (mean years) 40.5 37.6
Sex 33 male:

19 female
27 male:

23 female
History

Intracerebral hemorrhage 14 12
Subarachnoid hemorrhage 7 3
Seizures 24 21
Altered mental status 6 6
Pounding/pulsatile headache 14 15

Physical examination deficits
Vision 7 7
Motor/Coordination 10 11
Sensory 6 6
Speech 4 6
Mentation 6 3

% Pretreatment Glasgow
Outcome Scale score � 5

93.5% 87.5%

Note.—n-BCA indicates n-butyl cyanoacrylate; PVA, polyvinyl al-
cohol.

TABLE 2: Treatment parameters

n-BCA PVA

Number of patients 52 49
Number of stages 77 86
Duration of embolization (min) 178 168
Duration of fluoroscopy (total min) 93.8 109.6
Coils used (stages) 15 61*
Coils used (mean) 204 (14.4)** 559 (10.0)
Number of patients, no coils used 39 9
Particle size used among procedures

�500 �m 18 (36.7%)
�500 �m only, no coils 5 (10.6%)
500–710 �m 42 (29.6%)
710–1000 �m 22 (15.5%)
1000–1400 �m 5 (3.5%)

Infusion catheters
3-French infusion 31 (31.3%) 53 (52%)
Flow-directed catheter 62 (62.6%) 33 (32.4%)
Other 6 (6.1%) 16 (15.7%)

Guidewires
0.018 0 5 (3.8%)
0.016 10 (11.5%) 28 (21.5%)
0.014 11 (12.6%) 34 (26.2%)
0.010 51 (58.6%) 41 (31.5%)

Note.—n-BCA indicates n-bytyl cyanoacrylate; PVA, polyvinyl al-
cohol.

* P � .0001.
** 95 coils used in one patient.
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dian n-BCA concentration in Ethiodized Oil was 25%
(range, 10–70%).

Primary Efficacy Results
AVM reduction was similar in the two groups. The

percent of AVM reduction achieved by stage was
81.1% in the n-BCA group and 79.9% in the PVA
group. The percent of AVM reduction achieved per
patient was 79.4% in the n-BCA group and 86.9% in
the PVA group. The mean number of vessels embo-
lized per stage (1.5 in the n-BCA group and 1.3 in the
PVA group) and per patient (2.2 in the n-BCA group
and 2.1 in the PVA group) was also similar in the two
groups.

Secondary Efficacy Results
The number of stages was greater in the PVA

group. Intent-to-treat analysis of fluoroscopy time
showed no significant difference between groups. Re-
corded duration of fluoroscopy was greater in the
PVA group (n � 43) than in the n-BCA group (n �
41) per protocol (109.6 versus 93.8 min), with a 15.8-
min (16.8%) difference.

The mean surgical time required to resect the
AVM was equivalent in both groups (n-BCA, 381
min; PVA, 413 min). A nonsignificant trend toward
longer surgery time was also suggested in the fourth
quartile for patients in the PVA group (691 versus
561 min). Six patients in the PVA group required
more time than the longest time required in the n-
BCA group (�680 min).

Per-protocol transfusion and fluid replacement
data are included in Table 3. Patients in the PVA
group required a larger number of transfused units,
but the data were skewed by two patients requiring 33
and 61 units, respectively. No statistical differences
were detected in the number of patients who required
transfusions, the volume and number of transfusion
units, or the type and volume of fluid replacement.

Safety Results
A total of 104 patients were enrolled for safety

evaluation in the clinical trial. The embolization com-
plications of two patients who were randomized to
undergo PVA treatment but who also underwent n-
BCA treatment after failed attempts to effectively
embolize with PVA were ascribed to the agent used
when they occurred (ie, during n-BCA or PVA
embolization). Four of the five complications these
patients experienced occurred during the PVA em-

bolization stage and were therefore listed as PVA
complications. One complication (other: considerable
bleeding) occurred during resection after n-BCA em-
bolization and was therefore listed as an n-BCA com-
plication. Therefore, the number of patients used for
calculation of the incidence of adverse events in the
n-BCA group is 54. Fifty percent (27 patients) of the
n-BCA group and 53.8% (28 patients) of the PVA
group experienced at least one complication each.

Complications were classified by the investigator as
either device-related or procedure-related. In some
instances, investigators classified individual complica-
tions under more than one category (eg, AVM rupture
and vessel perforation). Some of the complications
might easily have been deleted by an adjudication com-
mittee focusing on clinically significant events. All re-
ported complications, whether they were categorized as
device-related or procedure-related, are listed in Table
4. The complications are listed in descending order
according to frequency as observed in the n-BCA treat-
ment group.

On only one occasion did an n-BCA device-related
complication result in an adverse neurologic or clin-
ical event. Reflux of the n-BCA mixture into the
middle cerebral main trunk from a temporal branch
occurred, leading to middle cerebral artery occlusion
and cerebral infarction.

Hemorrhagic complications are summarized in Ta-
ble 5. Four vessel perforations occurred during the
embolization procedures (in one of these cases, sub-
arachnoid hemorrhage was also noted on the post-
procedural CT scan). Three-French over-the-wire
microcatheters were used during three of these pro-
cedures, whereas only flow-guided catheters were
used in the fourth case. Subarachnoid hemorrhage
was discovered after embolization on one additional
occasion after difficult catheterizations using 3- and
1.9-French over-the-wire catheters.

Post-embolization hemorrhage occurred in four
patients in the n-BCA group and three in the PVA
group. One of the n-BCA patients presented with a
cerebellar hematoma. The primary anterior inferior
cerebellar artery feeder was embolized before inten-
tional hematoma evacuation without AVM removal.
The AVM rebled within 24 hr, and the patient died. A
second patient in the n-BCA group, who required
thrombolysis of an occluded PCA branch, received
administration of heparin and experienced hemor-
rhage within 24 hr.

NIHSS and GOS scores were not significantly dif-
ferent between the two groups before treatment, after
embolization, or after resection. A GOS score of 5

TABLE 3: Transfusions/fluid replacement, surgery time

n-BCA PVA

Number of patients transfused 13 13
Number of units transfused (mean, median, range) 51 (3.4, 2, 1–16) 135 (10.4, 3, 1–61)
Fluid, colloid replacement (cc) 3918 4053
Surgery min (mean) 381 (n � 41) 413 (n � 42)

Note.—n-BCA indicates n-butyl cyanoacrylate; PVA, polyvinyl alcohol.

AJNR: 23, May 2002 CEREBRAL ARTERIOVENOUS MALFORMATIONS 751



(good recovery with minor neurologic/psychologic
deficit) after resection but before discharge was doc-
umented for 73.7% of the patients in the n-BCA
group and 66.7% of the patients in the PVA group.
Longer term outcomes were not measured.

Four deaths occurred in the study. One death oc-
curred in each group as a result of hemorrhage after
embolization but before resection, and two occurred in
the PVA group after embolization and after resection.

Discussion

This study was designed to evaluate the use of
n-BCA/Ethiodized Oil/Tantalum Powder compared
with PVA treatment for patients with planned AVM
surgical resection. The goal of embolization was typ-
ically to reduce flow or occlude the deep feeders to
make surgery safer. Eighty-five percent of the pa-
tients ultimately underwent surgical resection of their
AVM. This comparison study confirms that n-BCA
and PVA are similar in safety and effectiveness for
preoperative embolization based on percent of nidus
reduction, number of pedicles embolized, surgical re-
section time, surgical blood loss, fluid replacement, and
Glasgow Outcome Scale score. This study confirms the
opinion presented by Wallace et al (15) that n-BCA is at

least comparable in reducing nidus size and in aiding the
ability to surgically resect cerebral AVM.

A variety of theoretical advantages of n-BCA use
were not addressed in this study, including the poten-
tial advantage of increased permanence and durabil-
ity of n-BCA embolization as compared with PVA
embolization. In addition, smaller lesions that might
be totally obliterated by embolization or embolization
plus stereotactic radiosurgery were not considered
(19). Only one AVM in the study was totally obliter-
ated (after partial, inadequate embolization with
PVA and then complete embolization using n-BCA).
Although case reports of n-BCA recanalization exist
(20, 21), 15% to 20% of patients treated with PVA
before undergoing stereotactic radiosurgery experi-
enced recanalization, as shown by follow-up arterio-
grams obtained 2 to 3 years later (22, 23).

Our study design allowed a subjective assessment
of the treatment goal (estimate of desired volume
reduction and number of pedicles to be occluded) by
the operator and an objective assessment of the re-
sults by central core laboratory analysis. The results
were essentially equivalent. Because this study was
designed before the use of liquid coils and hybrid
flow-guided/over-the-wire catheters to aid distal pedi-
cle particulate embolization, it was anticipated that
embolization failures and fluoroscopy time might be
different between the two groups. However, this was
not shown. Failure to access the lesion or inability to
pass 3-French over-the-wire catheters was reported
four times in the study. Failures due to the inability to
subselect the vessel occurred a total of six times,
including twice in the n-BCA group. The first in-
volved a posterior choroidal artery-supplied AVM
that could not be safely accessed. The second in-
volved a frontal callosal AVM with hemorrhage. In
this case, a nidal component with short en passage
feeders could not be safely catheterized for emboli-
zation. Both lesions were resected, and good out-
comes were achieved. It is thought that these two
cases represent catheterization failures, not n-BCA
failures, that would not have been successfully embo-
lized if they had been randomized to the PVA group.
Two other patients with successful n-BCA stages then
received PVA treatment when the microcatheter
could not be positioned close to the nidus for addi-
tional n-BCA delivery.

No statistically significant difference in fluoroscopy
time was documented. The absolute 15.8-min differ-
ence (mean) in fluoroscopy time overall does trans-
late into a reduced radiation dose in patients in the
n-BCA group, which is difficult to ignore considering
that every radiation exposure is associated with po-
tential long-term sequelae. The number of digital
images obtained during the procedures was not re-
corded, and no other dose estimates were performed.

Complications associated with the use of n-BCA in-
cluded four catheters glued in place, which is a long-
known risk unique to adhesive cyanoacryates (24, 25).
Two of the catheters were glued in place during pro-
longed intranidal injections. No adverse clinical se-
quelae related to the glued-in catheters were docu-

TABLE 4: Incidence of complications

Complications n-BCA (n � 54) PVA (n � 52)

Seizure 5 (9.3%) 5 (9.6%)
Catheter glued inside vessel 4 (7.4%) 0 (0.0%)
Late polymerization 3 (5.6%) 0 (0.0%)
Occluded catheter 3 (5.6%) 5 (9.6%)
Parenchymal hemorrhage 3 (5.6%) 6 (11.5%)
Vasospasm 3 (5.6%) 7 (13.5%)
AVM rupture 2 (3.7%) 1 (1.9%)
Early polymerization 2 (3.7%) 0 (0.0%)
Inability to subselect vessel 2 (3.7%) 4 (7.7%)
CVA (stroke) 2 (3.7%) 3 (5.8%)
Death 1 (1.9%) 3 (5.8%)
Hematoma 1 (1.9%) 1 (1.9%)
Incorrect vessel(s) occluded 1 (1.9%) 0 (0.0%)
Infection/inflammation 1 (1.9%) 0 (0.0%)
Over-the-wire system could

not be advanced
1 (1.9%) 1 (1.9%)

Thromboembolism 1 (1.9%) 1 (1.9%)
Vessel dissection 1 (1.9%) 1 (1.9%)
Vessel perforation 1 (1.9%) 3 (5.8%)
Cranial ischemia (TIA) 0 (0.0%) 2 (3.8%)
Catheter rupture 0 (0.0%) 1 (1.9%)
Failure to access vessel 0 (0.0%) 2 (3.8%)
Flow too high for safe infusion

of embolic agent
0 (0.0%) 2 (3.8%)

Headache 0 (0.0%) 2 (3.8%)
Pulmonary embolism 0 (0.0%) 1 (1.9%)
Subarachnoid hemorrhage 0 (0.0%) 2 (3.8%)
Provocative test failed 0 (0.0%) 1 (1.9%)
Uncooperative patient 0 (0.0%) 2 (3.8%)
Other 9 (16.7%) 9 (17.3%)

Note.—n-BCA indicates n-butyl cyanoacrylate; PVA, polyvinyl al-
cohol; AVM, arteriovenous malformation; CVA, cerebrovascular acci-
dent; TIA, transient ischemic attack.
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mented, although one patient with a seizure history
suffered a seizure the day after the procedure and
another patient suffered a post-resection hematoma
of uncertain cause. Three of the catheters were fixed to
the femoral puncture site and were completely removed
at the time of AVM resection 1 to 3 days later. One
catheter was broken with gentle traction at the time of
fixation, leaving approximately 10 cm of the catheter in
the middle cerebral artery after resection.

Injected n-BCA may polymerize prematurely and
block the microcatheter or may incompletely pene-
trate the nidus. Early polymerization with microcath-
eter blockage occurred in two patients, again with no
untoward clinical sequelae. Premature n-BCA poly-
merization in the feeding pedicle with little nidus
penetration occurred twice in the study; additional
embolization and uneventful surgical resection were
then performed. Polymerization problems are unique
to n-BCA use, but blockage of catheters also occurred
in the PVA group with no untoward sequelae. One
catheter rupture occurred during PVA use, also with-
out clinical sequelae.

Late polymerization of n-BCA may occur, leading
to venous passage and venous occlusion. Although
venous occlusion may be a goal when attempting
intranidal embolization to achieve complete occlu-
sion, it can lead to venous/nidal hypertension if inflow
persists and outflow is obstructed (26). Polymeriza-
tion in draining veins was documented three times but
caused no adverse neurologic events or hemorrhage.
Surgery was expedited in two of the cases, and good
outcomes were achieved.

It is possible to release small amounts of n-BCA
into non-target vessels during catheter removal, ei-
ther as an adherent droplet dislodged from the cath-
eter tip or perhaps milked from the microcatheter as
it is retracted through bends of the catheterized vessel
and through the guide catheter tip. Non-target vessel
embolization of n-BCA occurred twice in the study,
but the agent embolized to vessels also supplying the
AVM, leading to no adverse clinical events.

The advantage of n-BCA solidifying within the ni-
dus while uncommonly passing through to major
veins and the lungs may have limited significance
(27). However, two episodes of PVA passage into the
pulmonary bed were noted during the study. PVA was
discovered in the pulmonary microvasculature at au-

topsy in a patient suffering post-embolization hemor-
rhage and death (without premortem adverse respira-
tory effect documented). The second episode was
documented intraprocedurally in an otherwise healthy,
45-kg, 34-year-old woman with decreasing oxygen satu-
ration after PVA injection through a flow-guided micro-
catheter.

The embolic agent cannot be viewed independently
from the delivery system when considering procedure
complications. The ability to deliver n-BCA using
smaller, flow-guided catheters to more distal loca-
tions would seem a potential safety advantage. There
may not be an advantage to n-BCA in smaller, com-
pact-nidus, proximal AVM, where PVA �500 �m in
size can be delivered successfully through smaller
flow-guided microcatheters. However, PVA particles
�500 �m, which cannot easily be injected through
small, currently available flow-guided microcatheters
were used in 63% of the procedures. When larger
microcatheters and guidewires to accommodate
larger particles or coils must be used, vessel perfora-
tions and subarachnoid hemorrhage can be antici-
pated (28, 29). In this study, three vessel perforations
were documented fluoroscopically during cases in-
volving 3-French over-the-wire catheters. One other
was discovered on post-embolization CT scans in a
case in which both 3- and 1.9-French over-the-wire
catheters were used. The only case of perforation with
a flow-guided catheter was documented after injec-
tion of n-BCA in a cross-over patient who had initially
received PVA and liquid coils.

This study showed that coils were used more com-
monly with PVA embolization (P � .0001). Where
larger arteriovenous communications exist, coils must
be used to prevent excessive PVA embolization to the
lungs, and these coils may create relatively proximal
obstructions that may not obliterate the nidus. Two of
three patients who experienced hemorrhage after em-
bolization but before surgery in the PVA group re-
quired more than the average number of coils placed
during the procedure.

Proximal occlusion may allow collateral supply,
sometimes deeper and less surgically controllable, to
vascularize the nidus, making surgery more difficult
and blood loss greater. This may have been a factor
affecting surgical blood loss in this study; blood loss,
as manifested by units of blood transfused, was

TABLE 5: Hemorrhagic complications

n-BCA (n � 54) PVA (n � 52)

Total hemorrhagic complications 7 (13.0%) 15 (28.9%)
Vessel perforation, SAH* using 3- or 1.9-French OTW catheter 1 (1.9%) 3 (5.8%)
Vessel perforation, SAH* using flow-guided catheter only 0 1 (1.9%)
Postembolization, presurgical intracerebral hemorrhage 4 (7.4%) 3 (5.8%)
Postoperative hemorrhage 2 (3.7%)** 8 (15.4%)**
AVM volume cm3 mean (range) 21.8 (10.4–32.4) 20.2 (6.3–105.3)
Deep venous drainage (n) 2 6
Coils, mean, range 12, 0–24 17.4, 0–50

Note.—n-BCA indicates n-butyl cyanoacrylate; PVA, polyvinyl alcohol; SAH, subarachnoid hemorrhage; AVM, arteriovenous malformation.
* Subarachnoid hemorrhage identified on early postembolization CT scan; not identified at fluoroscopy.
** P � .05 in intent-to-treat analysis.
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greater in the PVA group. The occurrence of post-
resection hemorrhage (n-BCA: two [4.7%] of 43 pa-
tients, one of whom required repeat craniotomy;
PVA: eight [17.8%] of 45 patients, five of whom
required repeat craniotomy; P � .05) may be a re-
flection of residual nidus, less control of perfusion
pressure alterations, or recruitment or persistence of
collateral flow sources that served as delayed bleeding
sources.

Six of eight patients with post-resection hemor-
rhage in the PVA group had deep venous drainage,
and six of eight received the average or greater than
the average number of coils placed during emboliza-
tion. Only one patient with post-resection hemor-
rhage had a residual nidus, and none had confirmed
venous occlusion. Three of the 10 post-resection hem-
orrhages occurred in AVM that were larger than the
average AVM size during the study, two in the PVA
group and one in the n-BCA group. Patients who had
intra- or post-procedural hemorrhage detected were
more likely to have received heparin during emboli-
zation. Wallace et al (15) also found hemorrhagic
complications to be greater in the PVA group, with
numbers too small to be significant.

Seizures occurring after embolization might occur
for a variety of reasons. Many patients with AVM
have experienced seizures and may have already been
receiving anti-epileptic treatment before emboliza-
tion. No new seizures occurred in the patients in the
n-BCA group, whereas three patients in the PVA
group experienced new seizures. Insofar as surgical
therapy usually includes seizure prophylaxis, the 6%
post-embolization incidence of new seizures in the
PVA group suggests that seizure prophylaxis should
be considered before performing presurgical emboli-
zation.

No specific PVA particle size and no specific coil
size or configuration has been or can be prescribed
for AVM treatment; similarly, no specific n-BCA con-
centration can be prescribed for AVM treatment. The
unique variability and range of n-BCA concentrations
possible after mixing with radiopaque Ethiodized Oil
and Tantalum Powder provides a potentially distinct
advantage to n-BCA use.

Presurgical embolization with n-BCA mixed with
Ethiodized Oil and Tantalum Powder can be consid-
ered equivalent in effectiveness to embolization using
PVA and coils. Fewer vessel perforations and sub-
arachnoid hemorrhage with flow-guided microcath-
eters, which are typically used for liquid n-BCA em-
bolization, represents an additional safety factor.
Analysis of clinical parameters that are particularly
pertinent to procedure performance and patient
safety seem to confirm and reinforce the opinion
presented by Wallace et al (15) that distinct advan-
tages to n-BCA use may exist in certain settings.

Conclusion
This prospective, randomized trial showed that n-

BCA combined with Ethiodized Oil and Tantalum
Powder is equivalent to PVA as a preoperative em-

bolic agent for cerebral AVM treatment as deter-
mined by percent of nidus reduction and number of
feeding pedicles embolized. PVA was usually com-
bined with the use of coils and larger over-the-wire
micrcocatheters. The liquid n-BCA mixture allowed
the placement of fewer coils and the use of smaller
flow-guided microcatheters with smaller guidewires.
Additionally, patients undergoing n-BCA treatment
experienced fewer adverse clinical sequelae, espe-
cially post-resection hemorrhage. Although certain
unique device risks are inherent to n-BCA use, the
clinical safety advantages of using smaller, safer mi-
crocatheters to deliver nidal n-BCA occlusion may
outweigh those risks. The availability of n-BCA in the
neurointerventional armamentarium is an important
development in the management of cerebral AVM.
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