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Summary

Neurofibromatosis type 1 (NF-1) is one of
the most common inherited diseases and as an
autosomal dominant genetic disorder results
from NF-1 gene mutation with 100% penetra-
tion and wide phenotypic variability.

The disease can involve a wide variety of tis-
sues derived from all three embryonic layers.
NF-1 vasculopathy has been described primari-
ly in peripheral arteries, but arteries supplying
the CNS may also be involved. Of those, ex-
tracranial vertebral involvement is the com-
monest and most important. A series of four pa-
tients with NF-1 and vascular disease of the ver-
tebral artery is described with a review of the
pathophysiology, vascular phenotypes, their
management and the pertinent literature.

Introduction

Neurofibromatosis type 1 (NF-1) is a com-
mon genetic disorder with a prevalence of
about one patient in 3 — 4000. NF-1 primarily
affects tissues derived from the neural crest but
can also involve non neural crest-derived tis-
sues including bone, brain and blood vessels'”.

The requisites for diagnosis are the presence
of two or more of the following criteria: six or
more “café-au-lait” spots, two or more neurofi-
bromas of any type, or one plexiform neurofi-

broma; axillary or inguinal freckling; two or
more Lisch nodules; optic pathway gliomas;
distinctive bone lesions such as sphenoid dys-
plasia or thinning of the long bone cortex, with
or without pseudoarthrosis and, finally, a first-
degree relative diagnosed with NF-1°. NF-1 can
go along with three patterns of vascular lesions:
arterial stenosis or occlusion, dysplastic chan-
ges with aneurysm formation and ruptured ar-
teries causing arteriovenous fistulae. Of these
three, stenosis of the renal artery is the most
frequent*, but occlusion of the cerebral arteries
can also occur and may result in “moyamoya-
like” disease '*°.

Aneurysmal formation and fistulae in the
head and neck region typically affect the verte-
bral arteries rather than the carotid arteries,
these parachordal or vertebra-vertebral fistulas
being the consequence of an arterial rupture
into a vein””.

During the last 20 years we have seen seven
patients with NF-1 and associated vascular le-
sions. One pediatric patient harboured a steno-
sis of the distal ICA and proximal MCA result-
ing in a pseudo Moya Moya, one patient had an
extradural cervical ICA fusiform aneurysm and
one patient had extensive venous lakes within a
facial plexiform neurofibroma. The other four
patients harboured vascular lesions that were
located at the vertebral artery and that we pre-
sent here as a series of rare cases.
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Figure I Case 1. A) Sagittal T2-W MRI (A) revealing large flow void epidural structures at C2-5, compatible with venous
pouches and a partially thrombosed superior portion, causing severe cord compression. B) Axial T1-W MRI post Gd en-
hancement showing extension of the epidural venous pouches along the left neural foramen with nerve root compressions.
C,D) Right and left vertebral angiograms demonstrating AV shunting from the LVA at C4 level, compatible with VVAVF.
Dysplastic change and tortuousity of the LVA proximal and distal to the fistula are also noted with indirect collaterals from
the left ascending cervical artery and thyrocervical trunk due to a “sump effect”.

Case Reports

Case 1

A 49-year-old woman complained of neck
pain with torcicollis for two years prior to her
first admission and had progressive swelling of
her left hand for four weeks. Neurofibromato-
sis type I was previously diagnosed by the pres-
ence of cutaneous neurofibromas and multiple
pigmented skin lesions resembling café-au-lait
spots. On clinical examination, there was a left
paresis and paresthesia involving the der-
matomes and myotomes levels C5 to T1 and
hypereflexia. During hospitalization, her neu-
rological status deteriorated quickly, with
evolving tetraparesis. MRI showed large hy-
posignal T1/hyposignal T2 epidural lesions

compatible with flow void structures at the left
side of C2-4 levels, causing severe spinal cord
compression. An intense enhancing hyposignal
T1/hypersignal T2 lesion was also noted above
the aforementioned flow void structures at the
C1-2 level. Due to rapid worsening, a laminec-
tomy was performed to decompress a supposed
neurofibroma.

During surgery, an arterialized vein causing
spinal cord compression was found and the
procedure was stopped. Postoperative angiog-
raphy disclosed a vertebrovertebral arteriove-
nous fistula (VVAVF) fed by a dysplastic left
vertebral artery at C4 level draining into a
complex network of venous channels including
the epidural and vertebral venous plexus, inter-
nal and external jugular veins. Endovascular
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treatment of the fistula using bare GDC coils in
the proximal portion of the venous pouch and
the parent artery was done in another institu-
tion resulting in a major reduction of flow
through the fistula. Although at the end of the
procedure a residual shunt was visible, it was
thought to spontaneously thrombose over the
following weeks. Following the intervention,
the patient had an uneventful recovery and re-
gained her motor function in spite of the partial
treatment. Two months later, the patient was
hospitalized again following a sudden onset of
neck pain accompanied by an audible bruit at
the left side of the neck. A new MRI showed
increased size of the epidural venous pouches
and cord compression.

Because of the rapid clinical deterioration,
she was referred to our institution for further
endovascular treatment. Occlusion of the left
vertebral artery distal to the fistula was achie-
ved by a cross-over technique via the right ver-
tebral artery employing histoacryl diluted with

lipiodol at one part to three injected between
the previous placed coils, This led to complete
occlusion of the vertebral artery fistula, but a
small shunt was visible via the thyrocervical
artery that could also be occluded with glue.
Control angiography performed one week later
confirmed complete occlusion of the fistula.
The patient’s deficits improved and the neck
pain disappeared. On two year follow-up, she
remains asymptomatic without any sign of fis-
tula recurrence.

Case 2

A 45-year-old man, previously diagnosed
NF-1, complained of a sudden onset of a cervi-
cal audible bruit, retroauricular and cervical
pain with progressive paraparesis of the legs
for six months. T2 weighted MRI sequences
demonstrated a hyposignal intensity cervical
lesion, extending through the right C5-6 neural
foramen into the epidural space with cord com-
pression. There was also hypersignal T2 change

Table 1: Spectrum of NF-1 Vasculopathy in Vertebral Artery and Neck Region: Vertebral Aneurysms.

ﬂuthors

~

Age/ Clinical symptoms Type | Level Main Treatment
sex lesion vessels(s)
Schubiger, 1978[32] | S0/M Radiculopathy VA | C2-C6 LVA Surgical removal
Pentecost, 1981[33] 1/F Periferal nerve and plexal VA T1 LVA None
impairment and neuropathy
Detwiler, 1987[34] 52/F Neck mass, Cervical Pain, VA C2 LVA | Embolization - Balloons
Myelopathy

Negoro, 1990[35] 47/M Cervical Mass Pain VA C1 LVA | Embolization - Balloons
Schievink, 1991[36] | 43/F No symptoms VA Cc7 LVA None
Muhonen, 1991[23] | 52/F | Acute neck mass and pain | VA C2 LVA Balloons
Ohkata, 1994[37] 48/F Radiculopathy VA | C4-C6 LVA Surgical trapping
Uranishi, 1995[30] 60/F Radiculopathy, VA LVA -

Cerebellar infaction
Horsley,1997[38] S6/F Neck Mass, Kyphosis VA | C5-C7 LVA | Embolization - balloons
Hoffman, 1998[39] | 59/M No symptoms VA C6 RVA None
Magara,1998[40] 28/M Neck Mass, Hemothorax VA Co-C7 LVA Surgical ligation
Miyazaki, 2004[41] | 52/F Neck Pain, Monoparesis VA | C5-C7 LVA Tried Balloon and

LUL and sonnolence surgery not successful

Thoraxic haematoma Patient died.

@se 4,2007 14/F Radiculopathy VA | C5-C6 RVA | Embolization - Ballooy
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Figure 2 Case 1 (continued), A,B) Left cervical arteries angiogram: collateral contribution to the fistula throughout deep cer-
vical and thyrocervical trunk. C,D) The control after glue and particle embolization. E,F) The right vertebral angiographic
control after completed left vertebral occlusion with no remaining fistula.

Figure 3 Case 2. Right verte-
bral angiogram AP view pre
and post gold valve balloon
(GVB) embolization demon-
strating dysplastic change of
the RVA with early filling of
the epidural venous plexus at
C4 level which completely dis-
appeared after deployment of
one No. 9 GVB that enabled
preservation of the RVA.
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Figure 4 Case 3. Right vertebral angiogram, AP view, pre-embolization (A) and left vertebral angiogram (B) lateral view
pre-embolization both demonstrate an AV shunt at the left C3-4 level, with venous blood draining into dilated epidural
pouches and then further draining into the jugular veins. There is complete obliteration of the VVAVF after GDC emboliza-
tion and sacrifice of the LVA (C, right VA angiogram, AP view).

of the cord, compatible with compressive mye-
lopathy. The right vertebral angiography sho-
wed vertebrovertebral arteriovenous fistula at
the C5 level. The lesion was embolized after se-
lective catheterization of the vertebral artery
with an 8F shuttle catheter with a latex detach-
able gold-valve balloon Number 9 (Nycomed,
Suresnes, France) mounted on a MiniTorquer
(Nycomed, Suresnes France), completely clos-
ing the fistula and preserving the right verte-
bral artery by selectively placing the balloon
within the fistulous point. This procedure was
done under heparinization.

After embolization the patient had total re-
mission of his symptoms and good clinical evo-
lution (figure 6). The patient was put on as-
pirin. Follow-up angiography two years later
demonstrated persistent occlusion of the fistula
and an asymptomatic spontaneous occlusion of
the parent artery.

Case 3

A 48-year-old man presented with a two year
history of cervical bruit and right cervical pain
radiating to the right arm. A pulsatile left cervi-
cal mass was noted at the initial physical exam-
ination. His MRI in T1 and T2 W sequences re-
vealed multiple hyposignal intense structures
at the left epidural spaces from C2 to C4 levels

and at the left side of the neck, compatible with
flow-void structures, suggestive of a vascular le-
sion. The left and right vertebral angiograms
showed a vertebrovertebral arteriovenous fis-
tula at left C3-4 level, draining into multiple
epidural pouches further draining into the left
internal jugular vein. During fluoroscopy, dys-
plasia of the left sphenoid bone was also de-
tected and physical examination after the pro-
cedure revealed café-au-lait spots and subcuta-
neous neurofibromas, confirming the diagnosis
of NF-1. Due to the good supply to the posteri-
or fossa from the right vertebral artery, the de-
cision to sacrifice the left vertebral artery was
taken using bare GDC coils.

After crossing with a two-tip microcatheter
from the right vertebral artery to the left, coils
were placed into the most proximal portion of
the venous pouch and subsequently into the
distal parent artery while retrieving the micro-
catheter. After this distal embolization, the left
vertebral artery was catheterized and the prox-
imal portion of the parent artery was occluded
while the first coil was anchored in the distal
coil package. This procedure was done under
heparinization.

Following embolization, no residual flow was
noted. The patient’s symptoms totally disap-
peared a few days after embolization and he
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Figure 5 Case 4. On T2W MRI sequences enlargement of transverse foramen due to a mass presumably representing a large
aneurysm (high signal due to low flow and turbulence) can be seen that demonstrates contrast enhancement (A-C: T1
weighted images after contrast) and bone erosion on CT (D). Adjacent structures are compressed.

was discharged from the hospital returning to
his normal life. MRI follow-up performed one
year later demonstrated complete and stable
occlusion of the fistula.

Case 4

A 14-year-old female patient, a known case
of NF-1, presented with progressive cervical
and right arm pain associated with paresthesis
at dermatomes C5 and C6, suggestive of radic-
ular compression. A plain film of the cervical
spine showed enlargement of the right C5-C6
transverse foramen and the CT scan and MRI
demonstrated that the abnormality was due to
a vertebral aneurysm. She was referred to the
neuroradiology department and an angiogram
confirmed the presence of a right vertebral
aneurysm at the C5-C6 level. Due to the symp-
toms and risk of rupture the patient was treat-
ed by sacrifice of the right vertebral artery us-
ing bare coils in the proximal part of the parent
artery after good collateral to the posterior fos-
sa was demonstrated from the left vertebral
artery.

The patient recovered from her paresthesia

at one month after the procedure and besides
no recurrence of the aneurysm after eight years
of clinical, angiographic and MRI follow-up she
still has some radicular symptoms attributable
to the persisting mass effect of the thrombosed
aneurysm.

Discussion
General considerations and genetics on NF-1

NF-1 is characterized by autosomal domi-
nant inheritance with complete penetrance but
extremely variable expression from simple
skin macules and neurofibromas to aggressive
multiple tumour presentations or complex vas-
cular lesions'. There is no evidence of locus
heterogeneity nor have any homozygotes been
found* individuals with NF-1 are heterozygote
for an NF-1 mutation>". Familial NF-1 cases
are responsible for half of all NF-1 cases* while
the other half represents new mutations.

The NF-1 gene was isolated in the proximal
portion of the long arm of chromosome 17. It
encodes a protein, neurofibromin'*", that is ex-

320

V.M. Pereira




www.centauro.it

Interventional Neuroradiology 13: 315-328, 2007

Figure 6 Case 4 (continued). Angiography (A: right vertebral artery injection, B: left vertebral artery injection) reveals a
large fusiform shaped aneurysm at C5-6 level of the RVA with good supply to the posterior circulation through the LVA. Af-
ter GDC embolization contrast stagnation in the aneurysm was noted immediately after sacrifice of the proximal RVA. Post
embolization angiograms (D,E) confirmed complete obliteration of the aneurysm.

pressed in all tissues during organogenesis, but
is found just in a few specific cells in adult indi-
viduals®®. The functions of human neurofi-
bromin are still unclear, but it seems to be in-
volved in the control of cellular growth and dif-
ferentiation®.

Neurofibromin expression has been recog-
nized in endothelial and smooth muscle cells of
blood vessels in renal and cerebral arteries and
in the aorta'. Its function in vascular cells is
not known but neurofibromin expression is re-
lated to a down-regulating of cellular growth
and its loss is therefore associated with cell pro-
liferation (tumoral mechanism).

A defect in neurofibromin may therefore be
linked to vasculogenesis in NF-1 by stimulation
of the proliferation of endothelial and smooth
muscle cells. By the same mechanism, the in-
tegrity of the endothelial layer can be compro-
mised following a breakdown function promot-
ing the spread of cells and stenosis or increase
the fragility of the vessel wall '°. Other hypothe-
ses for vascular abnormalities in NF-1 include
the presence of a dysplastic process due to ab-

normal function of neurofibromin altering the
vascular histogenesis " or the modification of
the normal process of vascular maintenance
and repair®.

Interestingly, the vascular disease in NF-1
does not affect all arteries globally in an NF-1
patient, although the whole endothelial system
and all vascular cells have the same constitu-
tional mutation of the NF-1 gene. Hamilton as-
sumes that a ‘second hit’ mutation of the normal
NF-1 allele may be needed to promote vascular
changes or a somatic mutation at another locus
may be necessary for development of NF-1 vas-
cular lesions. Environmental factors probably
contribute, such as local hemodynamic injury,
diet, smoking, exercise, stress and other recog-
nized factors of vascular lesions *.

Genotype—phenotype correlations in NF-1
are rare and familial correlations are low even
for some of the more common general manifes-
tations??. However, some evidence of this as-
sociation has recently been described, such as
the concordance between twin pairs for specif-
ic malformations and tumors, clusters of find-
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ings, or certain recurrent tumor configura-
tions?, which proves the role of non-random
genetic mutation factors in the pathogenesis of
NF-1. NF-1 gene is a prototype of a histogene-
sis control gene, i.e. a gene that functions in at
least two phases of an organism’s life: in coor-
dinating embryologic histogenesis and in
wound-healing histogenesis*'"".

Pathophysiological concepts in NF-1
vasculopathy

Vascular involvement was first described in
1905* but it was only in 1945 that Reubi first
reported the results of his observation of the
histological aspects of renal arteries in NF-1 af-
fected patients™ based on the location and size
of the arteries involved and the depth of wall
extension by the lesion. The histological classi-
fication was further expanded by Salyer and
Salyer and currently has four categories: a pure
intimal type, an advanced intimal type, the inti-
mal aneurysmal type, and the nodular or ep-
ithelial type**. They believed that these alter-
ations result from Schwann cells proliferation
in the vascular walls but could not demonstrate
this association.

In 1974, Greene reported pathologic findings
from the kidney of a patient with multiple vas-
cular lesions studied by electron microscopy re-
vealing the nature of cells comprising the nod-
ules in the pathological arteries as smooth mus-
cle cells. Neither tumors nor Schwann cells
were found. He postulated two basic groups of
vascular lesions associated with NF-1: dysplasia
of the vessel wall with smooth muscle cell pro-
liferation, which is similar to Reubi’s descrip-
tions* and a perivascular involvement, either
causing retraction or infiltration of the vessel
wall by neurofibromatous tissues”. Both pro-
cesses may lead to stenosis and occlusive symp-
toms or arterial dysplasia, aneurysmal forma-
tion or arterial rupture.

Deans reported three cases of parachordal
fistulas in NF-1 and suggested two pathological
mechanisms: the first theory stated that dys-
plastic smooth muscle or neurofibromatous
proliferation in the arterial wall leads to an
aneurysm that may subsequently rupture into
adjacent veins, while the second postulation is
related to mesodermal dysplasia that may lead
to congenital fistulae ***. The role of mesoder-
mal involvement in NF-1 may be inferred by
the characteristic distribution of the vasculopa-

thy among the cervicocranial vessels. Both in
our experience (four of seven cases with verte-
bral artery involvement as stated in the Intro-
duction) and in the literature, the cervical ver-
tebral artery is particularly prone to vascular
lesions in NF-1. Since this cervical part of the
vertebral artery is the only craniocervical ves-
sel to be derived from the mesoderm while all
other vessels are derived from neural crest
cells, one may presume mesodermal dysplasia
as the cause for the parachordal fistulae which
is further underlined by the fact that the (neur-
al crest derived) intracranial portion of the ver-
tebral artery is never involved in the vascular
diseases present in NF-1%.

NF-1 vascular symptoms and the vertebral
artery:

— Extracranial Vertebral Aneurysm (EVA):

Extracranial vertebral aneurysms are rare
and can be traumatic or spontaneous in origin.
They are usually associated with cervical trau-
ma and may occur in the setting of fibromuscu-
lar dysplasia, Ehler-Danlos Syndrome, or infec-
tions and inflammatory disease. In an NF-1
context, there are 11 case reports in the litera-
ture (See Table 1) to which we have added one.
In these reports, patients typically presented
with radicular compressive symptoms (n=4), or,
when ruptured, hematomas of the neck and
thorax (n=4), vascular lesions were asympto-
matic in three patients. In the cases presented
there was predominance of female gender, the
left side was more frequently (88%) affected
than the right, and there were encountered in
slighty older patients (mean age 44 years old).
The most common clinical symptom of EVA in
NF-1 is upper radiculopathy followed by acute
rupture symptoms, cervical mass and ischemic
embolic syndromes, but three asymptomatic
cases were also found. Four cases were located
between C1-C2 while eight cases were found in
the lower cervical segments (C3 —T1).

— Parachordal Fistulas:

The parachordal fistulas are arteriovenous
shunts located in different areas along the neu-
roaxis following the notochord and fed by
metameric arteries of the craniocervical junc-
tion or segmental arteries in the paraspinal re-
gion at different levels from the basisphenoid
from thoracic, lumbar and sacral regions. In
NF-1, there is a clear predominance of occur-
rence in neck region. The symptoms of lesions
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Figure 7 Schematic Illustration of the pathophysiology of the presented cases. In the first three patients, a vertebrovertebral
arteriovenous fistula was present. In these drawings, the dysplastic artery ruptured to a venous vertebral compartment and
major important reflux to the epidural venous plexus causing spinal cord and radicular compression can be appreciated (A-
C). D) Illustration of the vertebral aneurysm with irregular and thick walls of the RVA associated with adjacent bone ero-
sion from the pulsatility and enlargement of the transverse foramen causing compression of the exiting nerve root as was
present in patient 4.

at cervical level are mainly caused by compres-
sion by epidural engorged venous dilatation.
Bruit and tinnitus are most commonly reported
but cervical myelopathy and radicular pain
have more clinical impact. Among 29 cases col-
lected from literature (Table 1) and three cases
added in this report, the mean age of onset of
symptoms was 50 years. These fistulas frequent-
ly occurred in women (72%), on the left side
(60%), unilaterally (93%) and principally in-
volving the vertebral artery (91% are truly
VVAVF)*.

The initial clinical presentation of compres-
sive symptoms is commonly associated with an-
other differential diagnosis (neurofibroma,
bone dysplasia) however in NF-1, vascular dis-
ease should be always considered to prevent
unnecessary procedures and increase risks for
the patient. To date, five patients have been re-
ported presenting with neck mass or acute
symptoms or radiculomyelopathy who under-
went urgent decompressive surgery for “tumor
compression” and the suspicion of a vascular

lesion aroused during the procedure and con-
firmed afterwards by proper angiography.

Management and treatment strategies

The angiogram is the gold standard examina-
tion to diagnose these aneurysms and fistulas
and define the appropriate treatment and man-
agement strategy. However, MRI is important
to evaluate the possibility of a vascular lesion,
to analyze the perilesional anatomy and the
spinal cord prior to the procedure, exclude or
confirm other associated tumoral lesions and
for follow-up. MRI is also essential to analyze
the vessel wall, venous compartments and
thrombosis before and after treatment.

Considering the pathologic changes in the
arterial wall in NF-1 patients, the optimal treat-
ment for aneurysmal or arteriovenous fistula is
sacrifice of the affected artery. The literature
and our series, after careful angiographic
analysis to be undertaken prior to therapeutic
intervention, have shown that this strategy is
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feasible and effective. The most important pa-
rameter is the collateral flow from the non-in-
volved vertebral artery as well as from the an-
terior circulation through the posterior com-
municating arteries. At the present time, other
alternatives, like stent grafts or stents with
coils, are still experimental, even though they
have been used to reconstruct vessels in some
traumatic cases, when the vessel wall was nor-
mal, in a disease with underlying vascular wall
damage like NF-1 and because of the fusiform
configuration of EVAs, parent vessel occlusion
is the logical proposition.

Treatment strategies for EVAs described in
the literature vary between surgery and en-
dovascular management for parent arterial oc-
clusion. The initial reports were treated by
surgery (n=2) and the following cases includ-
ing our case were treated through the endovas-
cular route by parent artery sacrifice using de-
tachable balloons or coils (n=7) or conserva-
tively (n=3). The mortality (n=2) was related to
ruptured and profuse bleeding in spite of the
treatment. The clinical outcome of treated pa-
tients was recovery partially (n=1) or fully
(n=8) of the symptoms with no repermeabi-
lization of the aneurysms on imaging follow-up.

The endovascular technique can deal proper-
ly with VVAVFs. The regional vascular anato-
my and flow dynamics are important to plan
the management. The exact location of AVF on
the segmental part of the artery of its interseg-
mental course may impact the potential pre-
serve of the patency of the affected artery. A

“sump effect” of regional arteries which opaci-
fy the shunt zone without representing a true
direct supply can be used as alternative “path-
ways” when habitual ways cannot be used?. In
the cases reviewed managed endovascularly
(n=17), the embolism materials were diverse
(balloons, glue, bare and gianturco coils) but no
matter what was used the goal was common: to
occlude the fistulous site with or without the
parent vessel. But as seen in the experience
with case 2 of this series, even if the vertebral
artery was preserved during the treatment, the
follow-up demonstrated spontaneous thrombo-
sis of the parent artery afterwards, thus rein-
forcing the commented treatment planning.

According to the nature of the NF-1 vascu-
lopathy, in the future it will be very important
to identify the role of the NF gene and neurofi-
bromin in vascular phenotypic expression and
vessel wall proliferation, as well as to recognize
and propose a gene therapy method, feasible
and efficient, applicable in NF-1 patients be-
fore the onset of vascular disorders. Even
though techniques to control the intimal hyper-
plasia that occurs in age-related vasculopathy
and atherosclerosis are being developed and
could also be appropriate for NF-1*. While
these genetic and molecular advances are not
currently available, attention should be paid to
the management of lesions in the cervical re-
gion in NF-1 and further to suspected aneur-
ysms or arteriovenous fistulas, an appropriate
radiological approach has to be iplemented re-
garding the essential role of MRI, MR angiog-
raphy and angiography in these diseases.
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