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Abstract
Purpose The treatment of deep-seeded pediatric brain arterio-
venous malformations (AVMs) remains a challenging task.
We describe our experience using a new detachable tip
microcatheter in the embolization of brain arteriovenous
malformations, pial arteriovenous fistulas, and vein of Galen
malformations. We describe the safety and efficacy using a
new detachable tip microcatheter in the treatment of pediatric
deep brain arteriovenous malformations, pial malformations,
and vein of Galen malformations.
Methods During a period of 9 months from March 2013
through January 2014, 11 pediatric patients in 14 procedures
with 27 total injections were selected for treatment with a
detachable tip under Food and Drug Administration (FDA)
compassionate use exemption and were admitted to our de-
partment for treatment of their brain AVM using a liquid
embolic agent and a detachable tip microcatheter. The ages
of the patients ranged from 3 months to 18 years old.
Results Of the 27 total injections done, the tip detached in
seven cases. For the 16 n-BCA injections, the tip detached six
times (37.5 %), and for the 11 Onyx injections, the tip de-
tached one time (9 %). There were no cases of premature
microcatheter detachment during normal vessel navigation.
Conclusions The introduction of these detachable tip
microcatheters allows for a safe and relaxed injection that
permits a true circumferential occlusion, and may further
permit filling a larger amount of angioarchitecture without
the risk of distal migration, or vessel damage during the usual
rapid removal of non detachable micocatheters.

Keywords Detachable tip microcatheter . Pediatric .

Arteriovenousmalformations . Pial arteriovenous fistula .

Embolization . Onyx . n-BCA

Introduction

Arteriovenous malformations (AVMs) remain the most com-
mon cause of intracranial hemorrhage in children [7, 21].
Deep location lesions have a higher risk of intracranial hem-
orrhage, and when they hemorrhage, they are more likely to
have devastating morbidity and mortality [4–6, 9, 12, 13, 20,
23, 29, 31, 33, 35, 40]. The treatment of deep and eloquent
region brain arteriovenous malformations in the pediatric
population remains a challenging task. AVMs in early child-
hood often present with cardiac failure or hydrocephalus due
to their extremely high-flow nature. While surgery can be
definitive, these lesions are usually not safely surgically ac-
cessible. Stereotactic radiosurgery can also be effective for
lesions that are smaller in size, but there is still risk for
hemorrhage before they are obliterated [3, 14]. The length of
time from radiosurgery to obliteration can take up to 10 years,
and the rate of successful obliteration is up to only 72 % [10].
The efficacy of radiosurgery in high-flow arteriovenous fistulas
(AVFs) is not well documented. Also, the long-term conse-
quences of radiosurgery in children are still not completely
understood. Staged embolization procedures can be curative in
arteriovenous fistulas (AVFs) with certain angioarchitectures in a
very high number [2]. Cure rates in nidal malformations is lower
with a range between 5.6 and 53.9 % [11, 19, 25–28, 30, 32, 36,
38, 39] and also comes with the risks of radiation exposure, and
treatment associated hemorrhage [8, 15–17, 22, 37]. At the
moment the goals of embolization in AVM with a nidus
angioarchitecture are to reduce the risk of bleeding, symptomatic
improvement of cardiac failure and venous hypertension.
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Although the newer hydrophilic coated microcatheters have
improved navigation, are safer to embolize with, and have a
decreased the risk of catheter gluing in the cerebral arteries, this
concern is still a limiting factor in embolization with either n-
BCA or Onyx. The feared risk of retention of the microcatheter
by trapping of the distal catheter by the embolic agent within the
vessel, or rupturing the artery while pulling the microcatheter
limits the amount of embolic agent used with each embolization
[22]. Because of this, the entire technique for injection of n-BCA
involves a short injection time with removal of the catheter prior
to polymerization that can frequently result in incomplete cir-
cumferential occlusion. In the case of cyanoacrylates, the prob-
lem is that of adherence of the catheter to the glue. The present
technique available in the USA for injection with Onyx usually
involves creation of a “plug” proximal to the tip of the catheter
to prevent significant reflux. Detachable tip catheters have been
developed to circumvent these limitations, allowing for longer
injections and better ability to penetrate the lesion. The second-
generation detachable tip catheter, the Apollo (Ev3-Covidien,
Irvine, CA), improves on deliverability and is compatible with
both n-BCA and Onyx.We present a case series safely using the
Apollo microcatheter for pediatric and young adult brain and
pial AVMs with both Onyx and n-BCA.

Methods

Patients

During 9 months from March 2013 through January 2014, 11
pediatric patients in 14 procedures with 27 total injections
were selected for treatment with a detachable tip under an
Food and Drug Administration (FDA) compassionate use
exemption and were admitted to our department for treatment
of their brain AVM using a liquid embolic agent and a detach-
able tip microcatheter (Table 1). The ages of the patients
ranged from 3 months to 18 years old. In all cases, magnetic
resonance imaging (MRI)/MR angiography and catheter an-
giography were used as a diagnostic tool in planning for
treatment. All cases were discussed in a combined neurosur-
gery, neurointerventional radiology, neurology, radiation on-
cology conference and agreed upon to undergo staged embo-
lization procedures, either as the primary treatment, or in
preparation for microsurgical resection or radiosurgery. The
device was used with approval by both the FDA and institu-
tional International Review Board (IRB) as a compassionate
use device. The follow-up ranged from 1 to 10 months.

Embolization materials

There were 27 total injections performed (Table 1). Onyx-18
was the embolic agent used for ten injections and Onyx-34
was used for one injection. n-BCAwas used for 16 injections.

Microcatheters/microwire

In every case, the Apollo microcatheter was used to gain direct
access to each arterial feeder, at or close to the nidus and/or fistula
site. Either a 0.008-inch-diameter microwire (Mirage .008, Ev3-
Covidien) or a 0.010-inch-diameter microwire (Silverspeed 10,
Ev3-Covidien) was used to aid in the navigation process.

Procedure

All procedures were done using a Siemens Artis zee biplane
suite (Siemens, Erlangen, Germany). All cases were per-
formed using general anesthesia with neurophysiologic [so-
matosensory evoked potentials (SSEPs) and and motor
evoked potentials (MEPs)] monitoring. Transfemoral access
was obtained in each case with ultrasound guidance.
Depending on the age and size of the patient a 4 French or 5
French guide sheath was placed with a 4 French or 5 French
guide catheter. For Onyx injections, the catheter was flushed
with the appropriate amount of dimethyl sulfoxide (DMSO) to
fill the dead space of the catheter (0.24 ml). For n-BCA
injections, the catheter was flushed with 5% dextrose in water.
For each n-BCA injection, there were different ratios of n-
BCA; tantalum and ethiodol were used, depending on the flow
and territory to be occluded.

Results

Of the 27 total injections done, the tip detached in seven cases.
For the nine n-BCA injections the tip detached six times
(37.5 %), and for the 11 Onyx injections the tip detached
one time (9 %; Table 1). There were no cases of premature
microcatheter detachment during normal vessel navigation
despite the fact that, in every instance, a microguidewire
(either Mirage 008 or Silverspeed 10, Ev3-Covidien) was
used, removed and reintroduced in situ, in tortuous anatomy.
There were no leaks of contrast material or embolic agent at
the detachment zone on any injection.

Success and complications

In all catheterizations, we were able to reach our target, and
there were no complications, either immediate hemorrhagic or
ischemic complications associated with the use of this device
based on clinical and radiologic findings [MRI or Dyna com-
puted tomography (CT) when appropriate]. Within the follow-
up period, there was no evidence or suggestion of catheter tip
migration in the seven cases in which the tip detached. Within
the range of 1 to 10 months of follow-up, there were no long-
term complications seen either.
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Case example 1

Patient #7 is a 4.5-month-old boy with a sister with a known
multiple pial AVF, and RASA-1 mutation. This malformation
was diagnosed in utero. When he was born, he was also found
to have a RASA-1 mutation, in addition to hemophilia B. On
serial follow-up, at age 4 months, the child congestive heart
failure and cardiomegaly worsen, with failure to thrive and
meet milestones. The angiographic study (Fig. 1a and b)
revealed an enlarged left vertebral artery with a dilated and
very tortuous course. The vertebral artery ended in a left
posterior inferior cerebellar artery which was enlarged and it
supplied multiple branches that ended in a multifocal high-
flow fistule in the posterolateral part of the cerebellum. The
venous drainage from this fistulous location was into a dilated
venous sac that drained medially and superiorly into the
torcular region. From here, the venous drainage was into both
the transverse and sigmoid sinuses as well as through the
occipital sinuses into the jugular veins on both sides. The
basilar artery was minimally visible initially, as there was flow

reversal in the basilar artery because of the high demand of the
fistule. Figure 1c and d are post embolization images after four
total n-BCA injections through feeders from the left posterior
inferior cerebellar arteries. Note the increased flow into the
basilar artery now that the fistula has been partially closed.
Figure 2a and b illustrates the catheter position prior to the
second n-BCA embolization. Figure 2c and d shows the native
image post embolization with the detached catheter tip inside
the glue cast. Figure 3 shows native images of the embolic
material after the second stage of the procedure 1 month after
the first procedure. There were a total of four microcatheter
embolizations with n-BCA. Note in these images the initial
detached catheter remains in its original position and has not
migrated, and there is another detachedmicrocatheter from the
second-stage embolization. Given the initial high flow of this
fistula, and the age of this patient, we elected to stage this
procedures. The main advantage of the detachable tip
microcatheter is the ability to inject 90 %N-butyl cyanoacry-
late (NBCA) in a large vessel and be able to seal it
circumferentially in a very controlled and safe manner,

Table 1 A list of patients with age, gender, diagnosis, number of procedures, number of microcatheters used, tip length of microcatheter, parent vessel
through which embolization occurred, embolic agent used, total amount of embolic agent injected, and whether the microcatheter tip detached or not

Age Sex Diagnosis Injections Tip Length Vessel Embolized Material Amt Tip detached

Patient 1 4 years F Left cerebellar AVM Catheter 1 1.5 cm SCA Onyx-18 1.2 ml No

Catheter 2 1.5 cm AICA Onyx-18 1.0 ml No

Patient 2 3 months F Vein of Galen Malformation Catheter 1 1.5 cm PCA n-BCA 0.3 ml No

Patient 3 5 months F Vein of Galen Malformation Catheter 1 1.5 cm Pericallosal n-BCA 0.4 ml Yes

Patient 4 11 years M Midbrain AVM Catheter 1 1.5 cm MCA Onyx-18 0.9 ml No

Catheter 2 1.5 cm MCA Onyx-18 0.6 ml Yes

Catheter 3 1.5 cm ACA Onyx-18 0.5 ml No

Catheter 4 1.5 cm ACA Onyx-18 0.8 ml No

Procedure #2 Catheter 5 1.5 cm SCA n-BCA 0.3 ml No

Catheter 6 1.5 cm SCA n-BCA 0.1 ml No

Catheter 7 1.5 cm PCA Onyx-18 1.7 ml No

Patient 5 1.5 years F Right parietal pial AVF Catheter 1 3.0 cm ACA n-BCA 1.2 ml No

Catheter 2 3.0 cm MCA Onyx-34 1.6 ml No

Patient 6 6 months M Left basal ganglia AVM Catheter 1 1.5 cm PCA Onyx-18 0.4 ml No

Patient 7 4 months M Posterior Fossa pial AVF Catheter 1 1.5 cm PICA n-BCA 0.4 ml No

Catheter 2 1.5 cm PICA n-BCA 0.4 ml Yes

Catheter 3 1.5 cm PICA n-BCA 0.7 ml No

Procedure #2 Catheter 4 1.5 cm PICA n-BCA 1.6 ml Yes

Procedure #3 Catheter 5 cm1.5 cm PICA Onyx-18 2.0 ml No

Patient 8 18 years M Thalamic AVM Catheter 1 1.5 cm PCA Onyx-18 1.2 ml No

Patient 9 3 months M Vein of Galen Malformation Catheter 1 1.5 cm PCA n-BCA 1.3 ml No

Catheter 2 1.5 cm PCA n-BCA 1.2 ml No

Patient 10 6 months M Vein of Galen Malformation Catheter 1 1.5 cm PCA n-BCA 0.4 ml No

Catheter 2 1.5 cm PCA n-BCA 0.4 ml No

Patient 11 7 months M Vein of Galen Malformation Catheter 1 1.5 cm PCA n-BCA 0.6 ml Yes

Catheter 2 1.5 cm PCA n-BCA 0.6 ml Yes

Catheter 3 1.5 cm PCA n-BCA 0.5 ml Yes
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Fig. 1 a and b are PA and lateral
left vertebral artery injections
showing dilated left vertebral
artery with preferential flow into
the fistula from the left posterior
inferior cerebellar artery, draining
into a fistulous sac and then into a
dilated torcula. Images c and d are
postembolization

Fig. 2 a and b: Plain films in PA
and lateral views showing the cast
of the first NBCA deposition,
note the circumferential cast of the
pedicle, and the catheter
position prior to the next
embolization. c and d: plain films
in PA and lateral views showing
the detached catheter tip, after
n-BCA embolization. In images c
and d, the single arrow shows the
catheter tip, and double arrow
shows the distal end of the
detached catheter
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without the need for rapid removal, incomplete occlusion, and
risk of vessel damage (Fig. 3a and b) . (Fig. 4)

Case example 2

Patient #5 is an 18-month-old girl who was noticed to have
asymmetry of her head by her parents with an abnormal bulge
on the left parietal region at 3 months of age. Her parents also
noticed a decreased abillity to grasp with her left hand. During

her workup, she was found to have multiple pial AVFs in the
right parietal region. She was also found to have a RASA-1
mutation. She had three embolization procedures prior to the
availability of the Apollo catheter. In her last procedure prior to
cure, the Apollo catheter was used for two embolizations
(Fig. 5), one with n-BCA and the second with Onyx-34.
During both injections the catheter tip did not detach. She had
a follow-up angiogram 2 months after final embolization that
showed complete cure of the multiple pial AVFs (Fig. 6).

Fig. 3 Images a and b are PA and
lateral native films from second
stage of the procedure showing
embolic cast and stable
nonmovement of detached tip
(single arrow) 1 month after
initial procedure and detachment.
Note a second detached tip
(double arrow)from second stage
of the procedure

Fig. 4 a and b: PA and lateral right common carotid artery injection with
enlarged right middle cerebral artery with drainage into a fistulous sac
adjacent to the superior sagittal sinus then into the sinus itself. c and d: PA
and lateral left common carotid artery injection with enlarged right

anterior cerebral artery supplying drainage into the fistulous sac. e and
f: PA and lateral left vertebral artery injection with supply to the fistula
from an enlarged right posterior cerebral artery, entering the sac in a
diferent location
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Fig. 5 a and b: PA and lateral native films showing established glue cast. c and d: PA and lateral left vertebral injection showing persistent right posterior
cerebral artery supply to the fistula. e and f showing persistent right middle cerebral and anterior cerebral artery supply to the fistula

Fig. 6 a and b: PA and lateral native films after final embolization at
2 months follow-up. c and d: PA and lateral left vertebral artery injection
showing no residual shunting. e and f: PA and Lateral right common

carotid artery injections showing no residual shunting. g and h: PA and
lateral left common carotid artery injections showing no residual shunting
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Discussion

The first report addresing the problem of catheter entrapment
using n-BCAwas during the use of a detachable balloon with
a calibrated leak in 1979 [1]. The use of a detachable tip
microcatheter for the treatment of brain arteriovenous
malformations (AVMs) with Onyx was first reported in 2008
[24]. There has since been two reports of its use in adults
revealing that this microcatheter can be used safely and
efficatiously [18, 34]. The Sonic catheter (Balt ,
Montmorency, France) was the first generation of this type
of catheter. This catheter has been used safely with both Onyx
(Ev3-Covidien) [18, 34] and n-BCA (Trufill, Codman-DePuy,
Raynham, Massachussets) [24] for intracranial AVMs. The
appeal of this type of microcatheter is that one can use embolic
agents to more deeply penetrate fistulas and malformations
with permissible reflux based on length of the detachable tip
and less concern for having a retained microcatheter. Another
concern with the use of traditional DMSO compatible cathe-
ters is the risk of vessel perforation because they are somewhat
stiffer. These detachable tip microcatheters are less stiff, with
better trackability and are designed with the hope to help reduce
this risk. The concern with using a detachable microcatheter is
that the detachable tip could deploy while still maneuvering the
catheter in a normal arterial vessel, the potential for embolic
material leakage at the detachable junction and that, in the long
term, the detached segment may migrate.

The Sonic microcatheter (Balt) is not FDA approved in the
USA. A new generation detachable tip microcatheter, the
Apollo microcatheter (Ev3-Covidien), that is now being used
in Europe, is in the process of getting FDA approval. This
catheter is compatible with n-BCA and Onyx (DMSO). The
traditional prior DMSO-compatible catheters are stiffer with a
less flexible tip that require more micro-guidewire manipula-
tion for navigation; all factors that decrease trackability and
presumably increase the risk for perforation and hemorrhage.
Another concern with using embolic agents is having these
agents reflux and embolize inadvertently to normal parenchy-
mal supply. The new detachable tip microcatheter addresses
both of these issues, making it safer to embolize these lesions
with an extra 1.5–3.0 cm safety valve of reflux allowing for a
more controlled, greater penetration into abnormal fistulas,
and reduced concern for permanent adherence of
microcatheter to the embolic cast. This degree of permissable
reflux can improve flow control and improve the amount of
forward embolization. In addition, the most proximal marker
at the detachable segment facilitates the assessment of the
reflux. While the detachable tip catheter has been more com-
monly used with Onyx, it appears in our series that this
catheter may be even more beneficial when using n-BCA
because of its faster polymerization in the blood and greater
concern for catheter adherence to the glue cast compared to
the slower, more controlled precipitation of Onyx. In our

review, the rate of tip detachment was higher with n-BCA
(37.5 %) embolizations than Onyx embolization (9 %). It, in
fact, can transform n-BCA embolization into a more con-
trolled Onyx-type embolization procedure, allowing repetitive
injection of material within the same catheter.

Conclusion

The introduction of these catheters represents a “game chang-
er” in liquid embolization, mostly with n-BCA, where it can
permit a very controlled, relaxed injection, allow for a true
circumferential occlusion, and may further permit filling a
larger amount of angioarchitecture without the risk of distal
migration, or vessel damage during the usual rapid removal of
nondetachable micocatheters. With the detachable tip
microcatheter, once the injection is done, one can gently
remove the catheter, and if the tip is adherent or glued, it can
be simply detached in a very atraumatic, controlled manner. In
all our present experience, the microcatheter was able to reach
its target. All in all, it performed as designed. A liquid embolic
injection was possible in all cases and utilized even better than
originally intended. In all cases, the catheter could be with-
drawn without any difficulty. The distal tip, as expected, had
to be detached more frequently when using NBCA than when
using Onyx. This catheter is particularly useful for emboliza-
tion in pediatric patients with high-flow fistulas. You can use
this catheter to allow for permissable reflux to decrease the
high-flow state and then have a more controlled forward
injection, without the concern of gluing the catheter in posi-
tion. In our experience, the one drawback in the use of this
catheter is that you will sometimes get a false sense of security
during embolization as to the amount of reflux one should
allow. Care must be taken to note that, in certain cases, the
amount of reflux allowed may not always be at the proximal
marker as there may be functional vessels more distal to the
marker that supply normal brain. When injecting embolic
agents, careful analysis of superselective angiography should
define how much reflux should be permited. As experience is
being gained, further technical improvements in liquid embo-
lization will follow.
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