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Original Paper

Adjuvant Coil Assisted Glue Embolization of Vein
of Galen Aneurysmal Malformation in 

Pediatric Patients
Dong Joon Kim, MD, PhD1, Dae Chul Suh, MD2, 

Byung Moon Kim, MD1, Dong Ik Kim, MD, PhD1, 3

Purpose: Adjuvant coils may offer advantages in flow control during glue embolization of high flow
vein of Galen aneurysmal malformation (VGAM) patients but involves specific issues such as feasi-
bility, durability and coil mass effect. The purpose of this study is to assess the outcome of adjuvant
coils in addition to transarterial glue embolization for treatment of these patients. 

Materials and Methods: Five pediatric VGAM patients (age range; 11 weeks to 2 yrs 2 mos) with high
flow fistulous angioarchitecture were treated with adjuvant coils 1) in the distal feeding artery
and/or 2) in the vein of Galen followed by glue embolization of the shunt. The angiographic / clini-
cal outcomes were assessed. 

Results: Adjuvant coils were deployed in the distal feeding artery (n=3), vein of Galen pouch plus distal
feeding artery (n=2). Additional transarterial glue embolization of the fistulae was successfully per-
formed (n=4). Complete occlusion was achieved with coils in one case. Complete occlusion was
achieved for all mural type cases (n=4). Residual feeders remained in a case of choroidal type of
VGAM. No complications were noted related to the treatment. All patients showed normal devel-
opment on follow up (range: 7.6 to 88.8 mo, mean 49.3 mo). Initial hydrocephalus improved on fol-
low up despite coil mass effect in dilated vein of Galen.

Conclusion: Adjuvant coils for flow control with glue embolization may be a safe and effective treat-
ment method for VGAM patients with high flow fistulous feeders. 
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Vein of Galen aneurysmal malformation (VGAM) is
a rare arteriovenous malformation of the choroidal
system draining into the median vein of prosen-
cephalon, the embryonic precursor of the vein of
Galen.1, 2 Results of microsurgical treatment of VGAM
are dismal with reported mortality rate of 84.6%.3 Thus
endovascular embolization is the preferred treatment of
choice.1, 3-5 Transarterial embolization of the fistula is
often performed with liquid embolic agents such as
glue.1 Recent reports show successful use of onyx.6, 7

However, challenges in using these liquid embolic
agents remain especially in patients with angioarchitec-
tural features such as large high flow f istulae.8

Adjuvant detachable coils in addition to glue emboliza-
tion have been used for flow control in vascular lesions
of the body with high flow f istula.8-13 Combined
transarterial/transvenous methods have been used
successfully for approaching the target f istula in
VGAM patients.12 But specific issues related to this
method such as the coil embolization methods, durabil-
ity of treatment, effects of persistent coil mass,
treatment of residual feeders, and potential complica-
tions in VGAM patients are limited.3, 9, 12, 14 The purpose
of this study is to assess the feasibility and outcome of
adjuvant coil assisted glue embolization in treatment of
these VGAM patients with high flow fistulae.

MATERIALS AND METHODS

Pediatric patients who were treated for VGAM were
collected. Among the VGAM patients, five consecutive
patients (M:F=3:2, age range; 11 weeks to 2 yrs 2 mos)
in whom coils were used for flow control for high flow
fistulae were included. The initial treatment results,
follow up angiographic/imaging findings, and clinical
follow up results were assessed. 

For each patient, the clinical status and the radiologi-
cal findings were carefully examined for the optimal
timing of the endovascular treatment. The MR and/or
CT images were examined to assess the individual
angioarchitecture prior to treatment. The procedure was
performed under general anesthesia. In general, a 4Fr
sheath was used to access the femoral artery. A 4Fr
catheter was used for angiography of the internal
carotid and vertebral arteries. The angiographic
features of the feeders, shunt location, and venous
outflow patterns were carefully examined. The feeders
were assessed for either high flow fistula or nidus like
feeders. The location of the shunt was assessed in
regard to the feeders. The draining veins were assessed
for the dilated vein of Galen, presence of deep venous

drainage, and outflow restrictions. When a high flow
fistula was identified, a microcatheter was selected as
distally as possible in the feeding artery. Two main
methods were used for deploying adjuvant coils:
Detachable coils were mainly deployed in the 1) distal
segment of the feeding artery, or 2) in the vein of Galen
for flow reduction and as a scaffold for stable coil
deployment in the distal feeding artery. When the coils
were deployed in the dilated vein of Galen, the intent
was not to completely occlude the shunt but to reduce
flow, thus was incompletely packed. For the distal
artery, detachable coil diameter 0.5 to 1 mm larger than
the vessel diameter was chosen. For the dilated vein of
Galen, coil diameter corresponding to the diameter of
the vessel was chosen. After flow reduction with the
coils, the distal feeder was embolized with glue (n-
butyl cyanoacrylate). The concentration of glue was
decided at the discretion of the operator. The patients
were followed in the intensive care unit immediately
after the procedure for at least 24 hours. Cross sectional
imaging was performed within a few days. 

After discharge, the patients were followed regularly
in the outpatient clinic with special attention to
developmental milestones. Patients with delay in
development were referred for rehabilitation therapy.
MRI and MR angiography follow up was performed
regularly on a three month to yearly basis for assess-
ment of brain parenchymal changes including
hydrocephalus and recurrence/residual feeders.
Institutional review board approval was obtained with
waiver of informed consent based on the retrospective
study design. 

RESULTS

The characteristics of the lesions are summarized in
Table 1. The gross classification of the vein of Galen
aneurysmal shunt lesions were mural type VGAM
(n=4) and choroidal type VGAM (n=1). The mural type
VGAM consisted of one to three large fistulous feeders
(cases 1, 2, 3, 5). The choroidal type VGAM consisted
of multiple nidal type of feeders (case 4). 

Transarterial embolizations
All treatment was performed by transarterial access.

The vein of Galen was approached transarterially
across the large high flow fistula. Transarterial glue
embolization of the high flow fistula was successfully
performed in all cases after flow reduction with the
adjuvant coil deployment. 

For the mural type lesions, adjuvant coils were
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deployed in the distal artery (n=2) and vein of Galen
plus distal artery/proximal venous pouch (n=2) (Fig. 1).
Complete occlusion was achieved for mural type cases
with occlusion of all high flow f istulae in the f irst
session (cases 1, 2, 3, 5). Complete occlusion was
achieved in a case (case 1) with only coil embolization
of the vein of Galen plus focal proximal venous
outpouch. However, recurrence of the shunt was
detected on the three months follow up with aggravated
hydrocephalus. The recurred fistula was completely
embolized with glue in the second session. Complete
occlusion was achieved in a case (case 5) with only coil
embolization of the distal feeding artery. 

For the choroidal type VGAM, adjuvant coils were
deployed in the distal artery (n=1) of the high flow
fistulous feeder (Fig. 1). Residual nidal type of feeders
remained after the embolization in this case (case 4).
Due to difficulty of endovascular access of the residual
feeders, two sessions of gamma knife treatment were
performed for the residual shunt. 

No complications were noted associated with the
endovascular treatment in all cases. 

Follow up
Follow up was available in four patients (7.6 to 88.8

mo, mean 49.3 mo). A single patient referred from a
foreign country who had complete occlusion of the
mural type shunt was lost to follow up (case 2). None
of the other patients who had complete occlusion
showed recanalization on follow up (cases 1, 3, 5). Post
gamma knife treatment follow up showed progressive
obliteration of the feeders (case 4). 

Improvement of hydrocephalus was seen in the
patients who initially presented with hydrocephalus
(cases 1, 3, 5). This included a patient who was treated
by adjuvant coils deployed in the dilated vein of Galen
thus had persistence of coil mass effect (Fig. 2, case 1).
No other brain parenchymal changes related to the coil
mass were seen. Clinically, all patients showed normal
development. 

DISCUSSION

Our experience of adjuvant coil assisted glue
embolization in treatment of pediatric VGAM patients
with high flow f istulae show that this is a feasible
treatment option especially for mural type of lesions
with few arterial feeders. Flow control with coils
allowed easier and safer glue embolization of the high
flow fistula with good long term results. 

The main goal of treatment in VGAM patients is to
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restore normal growth and development without
neurological deficits by careful and timely manage-
ment.1, 15 Endovascular treatment is the preferred
treatment modality with the fistulous zone as the target
of treatment.1, 3, 5, 8 However, flow control in patients
with high flow f istula during injection of liquid
embolic agents is often a challenge. Controlled
occlusion of the target lesion site is often precluded due
to the tendency of the embolic material to migrate
distally with the fast flow. Use of high concentration

glue with tantalum powder - which is not available in
some countries - for radioopacity and lowering the
blood pressure during the injection of glue may be
adjunctive maneuvers for flow control.1 However, these
maneuvers may not be suff icient in preventing
potentially hazardous distal migration. In this regard,
adjuvant coil embolization is an attractive option for
flow control in patients with high flow shunt.  
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A B

C D
Fig. 1. Pre (A, C) and post (B, D) adjuvant coil assisted glue embolization of 2 cases of mural type VGAMs (AP views). Case 2 (A, B);
4month year old male was referred for VGAM. The angiography showed a VGAM with 2 high flow fistulae. Due to the high flow, coils
were deployed in the enlarged vein of Galen followed by coils in the distal feeding arteries. Additional glue embolization resulted in
complete occlusion of the shunt. Case 3 (C, D); A 10-month old girl was referred for incidental findings of craniomegaly and slight
delayed development. MR (not shown) and DSA showed a VGAM with three high flow fistulae. Detachable coils were successfully
deployed at the distal aspect of the feeding arteries. Additional glue embolization occluding the fistulous point resulted in complete
occlusion. 



Treatment method and durability
The main endovascular treatment target site is the

distal feeding artery and the initial vein at the fistulous
zone.1 Detachable coils are easier to control than the
liquid embolic materials at the site of high flow
fistulae. Thus, two main methods were used for our
adjuvant coiling in our series according to the individ-
ual angioarchitecture of the patient. The coils were
deployed at the farthest distal feeding artery or the vein
of Galen plus distal feeding. With the deployment of
coils in the distal artery, lower concentration of glue
could be used with easier flow control.9, 11 We did not
experience any case of signif icant glue migration
beyond the coils. The coil density necessary to achieve
suff icient flow reduction for safe glue injection is
diff icult to determine. However, complete or near

complete arrest of flow on test contrast injections was
not necessary since the coils were much more effective
in preventing distal migration of glue compared to
contrast due to its viscosity. 

Meila et al. reported their experience of flow
occlusion using coils by a combined tranvenous and
transarterial kissing microcatheter approach. They
showed that by using the kissing microcatheter
technique, they were successful in achieving complete
or >90% closure of the shunt in 11 of their 14 patients.12

This may be a good option when the microcatheter
cannot approach or the coils cannot be safely deployed
at the point of fistula. The deployment of coils in the
fistulous zone may completely occlude the flow.10, 12, 16

Complete occlusion with only coils was achieved in the
initial treatment in two of our cases (cases 1 & 5).
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A B

C D

Fig. 2. Case 1: Reversible changes of
hydrocephalus in accordance with
reopening and occlusion of the VGAM
shunt. MR T2 weighted image taken two
days after the initial coil embolization of
the dilated vein of Galen and the
proximal venous pouch show mild
hydrocephalus. Glue was not used due
to complete occlusion of the shunt with
the coils (A). Three months follow up
showed aggravation of hydrocephalus
which prompted a repeat DSA revealing
reopening of the previously coil
embolized feeding artery (B). Second
stage embolization was performed with
additional adjuvant coils in the distal
feeder and glue embolization. Complete
occlusion was achieved. Six months
follow up after the second stage
embolization show marked improvement
of the hydrocephalus despite the persis-
tent mass effect in the dilated vein of
Galen (C). Five years follow up show no
signs of hydrocephalus (D). The patient
is clinically normal on seven years follow
up. 



However, durable complete occlusion with only coils
was seen in only one of our cases (case 5). Recurrence
due to insufficient penetration of the coils and glue in
the distal feeder and the initial vein may result in
recurrence as seen in 1 of our cases (case 1).8, 13 The
lesion recurred on follow up from migration of the coil
mass into the vein of Galen. No recurrences were seen
when adjuvant coils with sufficient glue cast occluded
the distal feeder and the fistulous point. 

Persistent coil mass effect
The cause of hydrocephalus in VGAM patients is

controversial. The compressive effects of the enlarged
vein of Galen on the cerebral aqueduct may cause
noncommunicating hydrocephalus.8 Another cause may
be the increased venous pressure in the venous sinuses
from the arteriovenous (AV) shunt precluding
cerebrospinal fluid absorption.1

In our series, improvement of hydrocephalus was
seen in all patients treated with adjuvant coils in the
distal artery and/or the dilated vein of Galen.
Persistence of mass effect after coil deployment in the
enlarged vein of Galen regarding the outcome of
hydrocephalus is a valid concern. The explicit aggrava-
tion/improvement of hydrocephalus in accordance with
the recurrence/occlusion of AV shunt in our case
suggest that the increased venous pressure from the AV
shunt may be the prominent pathogenesis of
hydrocephalus in VGAM patients (Case 1, Fig. 2). Mild
hydrocephalus which was present immediately after the
initial coil embolization of the vein of Galen showed
aggravation on the three months follow up concurrent
with reopening of the shunt. Six month follow up after
complete occlusion with additional adjuvant coil and
glue embolization showed improvement of the
hydrocephalus despite the persistence of mass effect in
the enlarged vein of Galen. 

Residual shunt feeders
Residual smaller feeders may remain after emboliza-

tion of the main high flow fistula for choroidal type of
lesions. These residual lesions may be treated by
transarterial embolization in a staged session with
regards to the patient’s clinical status.1, 8 Gamma knife
therapy was performed in our case with residual nidus
like feeders which were not amenable with transarterial
embolization. Only a few reports of treatment of
VGAM with gamma knife are available in the literature
with mixed results.17-19 Marked decrease of residual
feeders was seen after two sessions of gamma knife
therapy suggesting a somewhat delayed response.

Although gamma knife therapy may be a treatment
option, this should be limited to clinically stable
patients who are not feasible for treatment with
endovascular methods. 

Potential complications
Coil embolization of the distal artery may be innocu-

ous since no drainage routes are compromised.
However, complete coil embolization of the vein of
Galen may result in hemorrhage.8, 20 Classically, the
deep venous drainage is not known to be connected to
the vein of Galen but exceptions are reported.2, 8, 21, 22

Impairment of deep venous drainage or sudden conges-
tion of subependymal anastomoses may cause
hemorrhage in cases of complete venous occlusion
with residual arterial feeders.1, 8, 14, 20 Thus, our intention
was not to completely occlude the vein when coils were
introduced into the vein of Galen but only to provide a
scaffold for coil deployment in the distal feeder artery. 

Rupture of the feeding artery may be a concern
during delivery of the coil.8 Fortunately, this was not
encountered in our experience. Careful sizing and
deployment of the coils are mandated. 

This series is limited by the small number of cases
thus caution is needed in interpreting the results. Due to
the rarity of the disease, only a few large case series are
available. Larger case series with longer follow up is
warranted. 

CONCLUSION

Our results show that adjuvant coils for flow control
with glue embolization may be an effective method for
safer and easier treatment of VGAM patients with high
flow fistula. This method may be most effective when
complete occlusion of the distal artery and the fistulous
point is achieved and in mural type VGAMs with
limited number of feeders. 
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