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ABSTRACT

BACKGROUND AND PURPOSE: A vein of Galen aneurysmal malformation is known to present with recruitment of dural feeders
and, in our cohort, a fine, vascular network formation. The vessels we have observed differ from dural vascular recruitment in that
they produce a hairlike, collateral network of vessels. We reviewed treatment courses of vein of Galen aneurysmal malformation
treatments in a series of 36 cases that displayed a fine, vascular network formation.

MATERIALS AND METHODS: We retrospectively analyzed 36 cases of vein of Galen aneurysmal malformation, including tectal/tha-
lamic AVMs, treated at our center from January 2004 to September 2021, and reviewed fine, vascular network formations in the
subarachnoid space and subependymal zone alongside the vein of Galen aneurysmal malformation.

RESULTS: Patients at first endovascular treatment ranged from neonates to 157 months (median age, 4.3 months). Patients with preinter-
ventional fine, vascular network formations were significantly older at the initial angiogram than patients with postinterventional fine,
vascular network formations (P <.05). On average, for 20 control choroidal/mural vein of Galen aneurysmal malformations whose treat-
ment course had been completed and in which no plexiform network was visualized, a mean of 2.63 (SD, 1.64) treatments were required
to achieve a radiographic cure. For the 36 choroidal/mural vein of Galen aneurysmal malformations whose treatment course had been
completed and in which a fine, vascular network formation was visualized, a mean of 5.94 (SD, 2.73) treatments were required to achieve
a radiographic cure (P < .01).

CONCLUSIONS: Development of a fine, vascular network formation is an acquired and reversible phenomenon that differs from
typical dural vessel recruitment, given the hairlike nature of the network and its rapid onset postinterventionally. It typically
resolves after completion of treatment, and this resolution correlates with closure of the vein. We recommend that neurointerven-
tionalists avoid delays in treatment wherever possible to reduce the likelihood of a fine, vascular network formation.

ABBREVIATIONS: FVYN = fine, vascular network; FVNF = fine, vascular network formation; SAS = subarachnoid space; SEZ = subependymal zone; TAE =

transarterial embolization; TVE = transvenous embolization; VGAM = vein of Galen aneurysmal malformation; VOG = vein of Galen

Vein of Galen aneurysmal malformation (VGAM) occurs in
early embryonic development and accounts for a minor frac-
tion of all vascular malformations, but a far greater portion of neo-
natal and pediatric vascular malformations.'> A VGAM develops
between 6 and 11 weeks of gestation. While most VGAMs are
diagnosed antenatally or as neonates, some patients survive to
adulthood relatively asymptomatic and present with hemorrhage
or other manifestations.*® VGAMs entail a dilated vein of Galen
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(VOG), but the true fistula occurs between the persistent prosen-
cephalic vein of Markowski (the mature VOG precursor) and the
arterial limbic system (pericallosal arcade and anterior-posterior
choroidal arteries).

A VGAM is characterized as either choroidal and mural”"!
Choroidal VGAMs are more common in the neonatal period and
are more complex, with a larger number of high-flow fistulas; in
our experience, they are more likely to produce medically untreat-
able, high-cardiac-output failure. Additionally, Lasjaunias et al''
reported that a choroidal-type VGAM “is encountered in most neo-
nates with low clinical scores.” It is supplied by numerous feeder
vessels from the limbic system (pericallosal arcade, choroidal
arteries, and occasionally thalamoperforating/transmesencephalic
arteries).'” These vessels mostly converge at the anterior portion of
the median prosencephalic vein. Mural VGAMs contain fistulas at
the inferolateral margin in the wall of the median prosencephalic
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FIG 1. Patient inclusion flow chart and FVNF geography. Patients were considered if they presented to our practice with an AVM between
January 2004 and August 2021. Exclusion criteria included incomplete courses of treatment, treatment at centers outside our practice, tectal/
thalamic AVM, or no observable FVNF. A, An FVNF was generalized as being present in either the thalamus, the cisternal space surrounding the
VOG, or both with a description of laterality (B). VOGM indicates vein of galen malformation.

vein.> Mural VGAMs manifest later in infancy as macrocephaly,
hydrocephalus, or delayed cognitive development (especially if asso-
ciated with venous occlusions/thrombosis). A smaller number of
feeders and greater outflow obstruction has often led to a more
drastic dilation of the median prosencephalic vein in our experi-
ence. Cardiac failure is milder than in the choroidal subtype, and
cardiomegaly may be asymptomatic.”"

Endovascular embolization is a criterion standard treatment
for VGAM.>"*'® Embolization is generally staged during several
sessions. Embolization aims to safely reduce the risk of cardiac
failure, venous hypertension, and hydrocephalus by closing AVFs
at the arteriovenous junction, contributing to the lesion. If
untreated or if arterial feeders are closed without closing the ve-
nous shunt, dramatic remodeling can occur, such as the formation
of a “fine,” vascular network that reaches the arteriovenous shunts,
which further supply the lesion. This finding has been noted as
recruitment of dural feeders and a general, collateral network in
other publications:'”>' We describe a dynamic progression of
feeders in the subependymal zone (SEZ) and the subarachnoid
space (SAS) as a reversible, physiologic phenomenon dependent
on flow demand, low venous pressure, and/or tissue ischemia.

A previous study from our practice assessed dural recruitment
and contribution to VGAM fistulas.”> We built on these findings
with a further analysis of a larger cohort to assess a fine, vascular
network formation (FVNF) in the SAS/SEZ. The vessels we have
observed accompanying initial imaging or arising with time in
cases of a VGAM differ from dural recruitment in that they pro-
duce a hairlike, collateral network of vessels. We reviewed treat-
ment courses of patients with VGAMs in a series of 36 cases that
had FVNF shunting into the lesion. Some of these cases presented
with an FVNF in pretreatment imaging. In these cases, the FVNF
may cause confusion by resembling a “true” thalamic AVM

1482 Shigematsu Oct 2022  www.ajnr.org

(Online Supplemental Data). In some cases, initial imaging in the
neonate period shows high-flow AVFs; then at 3-month follow-
up, it shows an FVNF. We also observed this phenomenon after
coil embolization of feeders that failed to close the AVF and on
follow-up after the primary stage of embolization with liquid em-
bolic agents (n-BCA), with incomplete closure of these AVFs. We
have seen regression of the FVNF after proper closure of the arte-
riovenous shunt without embolization of the FVNF itself. This
represents a delayed anatomic change related to the hemodynamic
demands of the high flow. We discuss the significance of these
observations, their influence on the treatment paradigm our prac-
tice uses for incidences of VGAMs with visible FVNFs, the various
presentations that our practice has encountered, the locations of
FVNEF feeders, and correlations with resolution of the VGAM and
FVNE therein.

MATERIALS AND METHODS

This study was approved by the appropriate institutional review
board. All imaging was reviewed by neuroendovascular surgery
attending physicians (T.S., ].T.F., A.B.). We retrospectively ana-
lyzed 156 consecutive cases of all VGAMs, including tectal/tha-
lamic AVMs, treated at our center from January 2004 to
September 2021 (Fig 1A). We selected patients whose treatment
course was completed and ended in complete or near-complete
occlusion (>95%) for a total of 88 patients. We included only
patients whose treatment course and imaging series were com-
plete, to demonstrate the difference between closure of the mal-
formation and amelioration of the FVNE. Of these, we extracted
64 cases whose complete treatment course was performed at our
practice rather than at multiple institutions. We defined tectal or
thalamic AVMs as those without obvious large feeders or fistulas
(which often resemble but are distinctly not a VGAM) to ensure



FIG 2. Angiogram. Anterior-posterior (A-D) and lateral (E-H) views of the angiogram and T2-weighted MR imaging (/-L) of case 4. We show a
progressive diminution of the FVNF at the thalamus and quadrigeminal cistern (B-D, F and G, J-L) observed after initial treatment (A, E, /). This
reduction was achieved through staged embolization of feeder vessels to the VGAM from 4.2 to 10 to 20 to 40 months. The yellow arrows indi-
cate location of FVNF on AP and Lateral view of cerebral angiography sections. The red circle indicates the location of FVNF on axial MRI plane.

that no VGAMs were excluded. We excluded tectal/thalamic
AVMs for a total of 56 choroidal or mural-type VGAMs. We
gathered information from clinical case records and MR imag-
ing/angiography on presentation and during follow-up. We
recorded patient demographics, presentation, and the patient’s
timeline to cure. MR imaging was used to identify anatomic loca-
tions of the FVNF. A FVNF was defined as the hairlike, hypervas-
cular, collateral network around the VGAM on angiography and
T2 MR imaging. The findings were analyzed to aid discussion of
the FVNF in the SAS/SEZ alongside the VGAM.

RESULTS

Among the 56 cases selected for detailed review, we identified 36
patients with SAS/SEZ FVNFs (Fig 1). We present 36 cases of
VGAMs that we evaluated on the basis of the FVNF, a classifica-
tion, treatment strategy, anatomic location, patient demographics,
and procedure quantity required to achieve complete obliteration
of the malformation.

Overall FVNF Cohort

Ages at the time of the first endovascular treatment ranged from
neonate to 157 months (mean age, 12.1 months; median age,
4.3 months). In 16 patients (44.4%), the vascular network was iden-
tified on the initial angiogram and drained into the VOG (Figs 2A
and 3A). In 20 patients (55.6%), the FVNF was observed after the
initial angiogram (Fig 4A, Online Supplemental Data). The cohort
of patients with FVNFs before intervention was significantly older
at the initial angiogram compared with the patients who developed
these networks after =1 session of endovascular embolization
(mean, 12 [SD, 40.1] months versus 4.0 [SD, 5.4] months; P <.05).
We compared the 20 VGAMs for which no FVNF had been visual-
ized (Fig 1) with our FVNF cohort on the basis of the treatment
number. On average, for the 20 choroidal/mural VGAMs whose
treatment course had been completed and in which no plexiform
network was visualized, a mean of 2.63 (SD, 1.64) treatments were
required to achieve a radiographic cure. For the 36 choroidal/mural
VGAMs whose treatment course had been completed and in which
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FIG 3. Angiogram. Anterior-posterior (A—£) and lateral (F=J) views of the angiogram and T2-weighted MR imaging (K—N) of case 23. We show a pro-
gressive diminution of the FVNF bilaterally at the thalamus with a bias for the right side (B—E, G-J, K—M) observed after initial treatment (A and F).
This reduction was achieved through staged embolization of feeder vessels to the VGAM staged from 0.5 to 3 to 20 to 72 months.

an FVNF was visualized, a mean of 5.94 (SD, 2.73) treatments were
required to achieve a radiographic cure (P < .01).

Patients were categorized into left, right, or bilateral subarach-
noid/thalamic fine, vascular networks (FVNs) (Fig 1B). The FVNF
was localized to either the left, right, or bilateral thalamus in 2 cases,
the cisternal space surrounding the VOG in 16 cases, and both for
18 cases. We also noted 3 patterns of FVN expansion/regression
during the treatment course of our cohort: 1) progressive decrease
in the FVNF after initial presentation (20/36; 55.56%), 2) an origi-
nal increase in the FVNF after initial presentation followed by
progressive decrease (7/36; 19.44%), and 3) cycling of increases
and decreases in the FVNF after initial presentation followed by
eventual cure (9/36; 25%).

Demonstrative Cases

Subject 4, who was first imaged via cerebral angiography at 4.2
months and was found to have a mural VGAM, underwent
staged embolization therapy (Fig 2). No FVNF was initially
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observed around the dilated VOG (Fig 24, -E, -I). Six months
following this initial imaging and subsequent embolization, we
discovered an obvious, novel FVN in the right thalamus and
quadrigeminal cistern (Fig 2B, -F, -J). We were able to success-
fully regress this FVN through staged, transarterial emboliza-
tion, and we observed continuing regression at the 19-month
follow-up (Fig 2C, -G, -K). After complete obliteration of the fis-
tulas dilating the VOG (cured), we no longer found visible
FVNs as evidenced by images obtained at a 40-month follow-up
(Fig 2D, -H, -L).

Subject 23, initially imaged at 16.4 months and found to have a
choroidal VGAM, presented with an observable FVNF on the ini-
tial imaging series (Fig 3A, -F, -K). On the angiography/MR imag-
ing at 3 months (Fig 3B, -C, -G, -H, -L) and 15 months (Fig 3D, -1,
-M) after the first procedure, during the staged embolization that
followed, the FVN receded little by little. After the complete oblit-
eration of the VGAM had been achieved, no FVN was seen at the
final follow-up at 6 years of age (Fig 3E, -J, -N).
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FIG 4. Angiogram. Anterior-posterior (A—C) and lateral (D—f) views of the angiogram and T2-weighted MR imaging (G-J) of case 22. We show an
up-regulation (H) and waning (B and C, E and F, | and J) of a plexiform network centered around the right hypothalamus and quadrigeminal cistern.
The FVNF observed at 4 months post-initial consultation was rectified with staged embolization and obliterated by the 6-year follow-up (C, F,J).

Subject 22 presented to our practice with a choroidal VGAM
and a nascent FVNF on initial screening (Fig 4G). This patient pre-
sented to our practice at 5 years of age with an FVNF localized to
the posterior right hypothalamus and quadrigeminal cistern. The
diagnostic angiogram and MR imaging that preceded the initial
embolization revealed an FVNF. The first session of embolization
treatment was planned for only 4 months following the original
consultation, yet the imaging performed on arrival to the angio-
suite revealed an up-regulation of the FVNF (Fig 44, -D, -H).
Fortunately, it seemed that the observed FVNF regressed after 2
stages of transarterial embolization at 10 months (Fig 4B, -E,- )
and was completely absent after total occlusion of the VGAM fistu-
las (Fig 4C, 4F, 4]) at 6 years post-initial imaging.

Subject 30 presented to our practice as a neonate, imaged via
CT 1 day postnatal, with a choroidal VGAM without observable
FVNF (Online Supplemental Data). At 5 months of age, after a sin-
gle embolization, we identified an FVNF in the right thalamus and
SAS (Online Supplemental Data). After 4 embolization treatments,

we found an initial regression of the plexiform network (Online
Supplemental Data), which had abated entirely by the tenth treat-
ment, at which point closure of the vein had been achieved (Online
Supplemental Data).

DISCUSSION

Summary of Findings

Most of our cohort had FVNFs identified on a follow-up angio-
gram following a stage or multiple stages of embolization therapy.
Those who presented with an FVNF at the initial angiography
were significantly older at presentation than those whose FVNF
was identified during a follow-up angiography. Even after removal
of a large outlier (case 31) from the initial FVNF presentation
group, we still observed a significantly higher mean age at presen-
tation compared with the postinterventional group. We reasoned
that this finding may be due to the “secondary” nature of the
FVNF. Case 31 experienced a delay in treatment until just older
than 13 years of age because the VGAM diagnosis occurred in a
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work-up to determine the cause of headaches. This was the first of
our findings that suggested that one should not delay treatment,
particularly considering the greater treatment burden identified in
the cohort with FVNF at initial presentation. The importance of this
observation can be seen in cases 4 and 30 (Fig 2 and Online
Supplemental Data) in which the MR imaging/MRA in the neonatal
period clearly showed an AVF angioarchitecture, whereas the MR
imaging and angiography at 6 and 5months of age, respectively,
clearly showed the acquired FVNF in the thalamic region. We
found that those with an FVNF required more treatment to achieve
cure than those without an FVNF. Unsurprisingly, a significant
association was observed between the choroidal VGAM subtype
and presentation of the FVNF relative to a mural VGAM (4/14 mu-
ral versus 32/42 choroidal; P <.01). The anatomic locations of the
observed FVNFs were mainly centered around the thalamus, sur-
rounding the SAS and/or the quadrigeminal cistern; they were usu-
ally attached or very close to the dilated the venous sac of the VOG.

VGAM Treatments

A FVNF poses a number of challenges to diagnosis and treatment
of VGAMs, specifically, due to the difficulty of differentiating a tec-
tal/thalamic or traditional VGAM surrounded by an FVN (Online
Supplemental Data). On identification of an FVNF, our strategy is
still to embolize the fistulous connections where feeders communi-
cate with the vein. Focus is placed on penetrating the embolic mate-
rial through to the vein to ensure closure of the fistula; occasionally,
multiple fistulas may be targeted through 1 injection rather than
each individual abnormal feeder vessel. The ideal strategy in our
practice is cannulation of the primary feeder of the malformation,
as close to the fistula as possible, and injection of highly concen-
trated n-BCA glue (70%-90%). After multiple rounds of staged
embolization, remaining feeders become considerably less dilated
and are difficult to distinguish from the observed FVNF. In this pat-
tern, we use low-concentrate n-BCA (40%-50%) from an identifia-
ble, proximal feeder and occlude the venous component of the
fistula. SEZ/SAS FVNFs cause no symptoms in our patients; subse-
quently, we describe a clinical focus on embolization of major
feeders rather than FVNFs. Most important, the expansion of the
FVNF after beginning staged transarterial embolization (TAE)
leaves only transvenous embolization (TVE) or TAE through the
fine vasculature as endovascular treatment options. These are both
technically difficult options and, in areas such as the thalamus, carry
a higher risk of stroke. While our practice has begun to favor a TVE
approach using the Chapot pressure cooker technique after multi-
ple rounds of TAE, a large FVNF can lead us to decide against this
otherwise effective approach due to the possible increased risk of
hemorrhage.23 Indeed, a member of our TVE cohort with extensive
FVNFs at the time of treatment experienced a hemorrhage in the
SAS surrounding the malformation adjacent to the FVNF (Online
Supplemental Data).

FVNF and Shunt Formation

Members of our research group published a case series on dural
arteriovenous shunt formation secondary to VGAM.** They
noted that the FVNF occurred in 26/87 patients in 3 distinct pat-
terns: 1) feeders arising predominantly from pial vessels, 2)
feeders arising from both pial and dural vessels, and 3) feeders
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arising predominantly from the dural vessels. In the 2 latter cases,
they posited that “angiogenic stimuli from the partially throm-
bosed Galenic venous pouch located in the SAS and in near direct
contact with the dura baring the thin arachnoid results in an
angiogenic response from the dura.” We suspect that proangio-
genic stimuli from the local vascular environment may play a role
in recruiting vessels to the malformation, which should be inves-
tigated further. We are pursuing this hypothesis further by organ-
izing a large-scale, multiomics analysis of the VGAM at our
practice. Contrary to our observations, in other forms of AVM, it
is often observed that increased vascularization occurs as a result
of incomplete or staged embolization.! As a result, we believe that
the physiology of VGAM may be unique among AVMs and
should be examined further in the form of a multiomics analysis.

Patterns of FVNF

We chiefly observed 2 patterns of FVNF with VGAM: 1) an
FVNF that was present at the initial diagnostic angiogram and
MR imaging, diminishing with time as the shunts are closed, and
2) an FVNF that developed during the staged embolization treat-
ment course of the patient. We believe the latter to be due likely
to incomplete shunt occlusion or shunt increase. It may also be
related to increases in flow and/or tissue ischemia secondary to
arterial insufficiency or venous hypertension, resulting in tissue
hypoperfusion. If properly treated, this FVNF will diminish with
time and regress with closure of the malformation.

CONCLUSIONS

Development of an SEZ/SAS FVNF is common during the multi-
session treatment of the VGAM. We believe this is an acquired
and reversible phenomenon that differs from typical dural vessel
recruitment, given the hairlike nature of the network and its rapid
onset in cases in which it is not observed at initial imaging postin-
terventionally. This finding is limited by the resolution of cur-
rently available imaging modalities and will require a future
pathologic study to validate. These networks regress and progress
as we treat the VGAM, targeting the venous side of the fistula. It
typically resolves after completion of treatment, and this resolu-
tion correlates with closure of the vein. We recommend that neu-
rointerventionalists avoid delays in treatment wherever possible
to lower the likelihood of an FVNF. In cases in which an FVNF
appears spontaneously, we recommend treating the VGAM with
staged TAE without embolizing individual FVNF feeders, which
tend to resolve after closure of the vein.

Ethics Approval

This study was approved by the Mount Sinai Hospital institu-
tional review board with a consent waiver under IRB STUDY 21—
00749.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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