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Abstract: Neurofibromatosis type 1 (NF1) is a relatively common single-gene disorder, and
is caused by heterozygous mutations in the NFI gene that result in a loss of activity or in a
nonfunctional neurofibromin protein. Despite the common association of NF1 with neurocuta-
neous features, its pathology can extend to numerous tissues not derived from the neural crest.
Among the rare cerebrovascular abnormalities in NF1, more than 85% of cases are of purely
occlusive or stenotic nature, with intracranial aneurysm being uncommon. Predominantly,
the aneurysms are located in the internal carotid arteries (ICAs), being very rare bilateral
aneurysms. This report describes a very unusual case of fusiform aneurysms of both ICAs in
a Caucasian NF1 patient, with a new pathogenic intragenic heterozygous deletion of the NF]
gene, presenting at age 22 years with Tolosa—Hunt syndrome, because of partial thrombosis of
the left giant intracavernous aneurysm. Medical treatment with anticoagulant therapy allowed a
good outcome for the patient. In conclusion, early identification of cerebral arteriopathy in NF1
and close follow-up of its progression by neuroimaging may lead to early medical or surgical
intervention and prevention of significant neurologic complications.

Keywords: neurofibromatosis type 1, NFI gene, multiplex ligation-dependent probe amplifica-
tion (MLPA), intracranial aneurysms, Tolosa—Hunt syndrome

Introduction

Von Recklinghausen neurofibromatosis or neurofibromatosis type 1 (NF1), is one of
the most common autosomal dominant conditions affecting the nervous system, occur-
ring with an estimated incidence of one in 2,500-3,000 individuals independent of
ethnic group, race, and sex.! Caused by an inactivating mutation in the NFI gene on
chromosome 17 (17q11.2), the disease is associated with increased morbidity and
mortality.>* The NFI gene encodes the neurofibromin, a 250 kDa cytoplasmic protein
with a centrally positioned Ras-specific guanosine triphosphatase-activating domain
that acts as a negative regulator of Ras/mitogen-activated protein kinase, which has a
cardinal role in mitogenic intracellular signaling pathways.* Currently, the diagnosis
of NF1 is made in an individual with at least two of the following clinical features:
1) six or more café au lait spots (larger than 5 mm in greatest diameter in prepubertal
individuals and larger than 15 mm in greatest diameter in postpubertal individuals);
2) skin-fold freckling in non-sun-exposed areas; 3) iris Lisch nodules (hamartomas
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diagnosed on slit-lamp examination); 4) two or more neu-
rofibromas (benign peripheral nerve-sheath tumors) of any
type and/or one plexiform neurofibroma; 5) optic pathway
gliomas; 6) characteristic bony dysplasia of the long bones
and sphenoid wing; and 7) a first-degree family relative with
NF1.? Despite the common association of NF1 with neuro-
cutaneous features, its pathology can extend to numerous tis-
sues not derived from the neural crest. Arteriopathy has been
an underreported potential complication of NF1. The most
common vascular abnormality in patients with NF1 is renal
artery stenosis. When cerebrovascular abnormalities occur,
they are usually occlusion and stenosis of major intracranial
vessels. The association between NF1 and intracranial aneu-
rysms has not been firmly established. Although numerous
case reports and small series of patients, both in childhood
and adulthood, with NF1 and intracranial aneurysms have
been published, other reports have called this association
into question.®® Here, we report a longitudinal observation
through almost 2 decades in a 25 year old Caucasian patient
with a new pathogenic intragenic heterozygous deletion of
the NF'I gene, and with a phenotype complicated by fusiform
aneurysms of both internal carotid arteries (ICAs), present-
ing at age 22 years with Tolosa—Hunt syndrome (THS)
because of partial thrombosis of the left giant intracavernous
aneurysm. A close clinical/paraclinical follow-up evaluation
allowed us to act quickly in the diagnosis, and the treatment
led to a rapid resolution of symptoms that are potentially
very disabling.

Case report
Written informed consent was obtained from the patient for
publication of this case report and any accompanying images.

A 25 year old Caucasian man with skin hyperpigmentation,
multiple soft-tissue masses bilaterally at the neck, and mul-
tiple café au lait spots on the trunk and limbs since 2 years of
age was diagnosed with NF1 due to a mutation on the pater-
nally derived allele. In fact, family history was remarkable
for a father with clinical features consistent with NF1. The
patient had been followed clinically since the age of 4 years,
when a routine magnetic resonance imaging (MRI) study
showed two “incidental” intracranial intracavernous ICA
aneurysms: both the left and right side. There was no family
history of symptomatic aneurysms. Furthermore, elective
MRI screening in first-degree relatives or in other family
members did not reveal asymptomatic cerebral aneurysms.

The patient was therefore molecularly characterized
by performing a comprehensive mutation scanning of the
NFI gene. The pathogenic mutation eluded identification
at the ribonucleic acid level by direct sequencing of reverse
transcription polymerase chain reaction products covering
the entire NF'/ transcript. Conversely, multiplex ligation-
dependent probe amplification, was able to detect a new
intragenic heterozygous deletion (NM_000267.3:c.1330-
?_1476+7del) encompassing the adjacent exons 12 (10a)
and 13 (10b) of the NF1 gene (Figure 1).° Otherwise in
good health, the patient has followed a long clinical 20-year
follow-up without any special treatment. At age 22 years,
the patient was admitted to our Division of Neurology for
left periorbital pain, ipsilateral ocular motor nerve palsies,
and diplopia. Four days prior to admission, the patient had
the first episode in his life of severe left periorbital pain;
72 hours later, he also presented with limited left eye move-
ments, ipsilateral palpebral ptosis, and horizontal diplopia.
Pain did not recede after the administration of nonsteroidal
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Figure | Bar graph showing the result of multiplex ligation-dependent probe amplification (MLPA) analysis using the SALSA MLPA P08I and P082 NFI kits (MRC-Holland,
Amsterdam, the Netherlands). Relative amounts of probe-amplified products were compared with reference samples and data analysis was performed using the Coffalyser
9.4 package (MRC-Holland). Values under a threshold of 0.7 and over a threshold of 1.3 for multiple adjacent probes indicate the presence of a deletion or duplication,
respectively. The arrows highlight the exons 12 (10a) and 13 (10b) deleted in this patient.
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anti-inflammatory drugs. Neuro-ophthalmologic examination
showed left palpebral ptosis, exotropia of the primary look
of the left eye, and paresis of the third, fourth, and sixth left
cranial nerves. A provisional diagnosis of THS led us to
perform a diagnostic workup, including routine blood tests,
inflammatory markers, fasting blood glucose, lupus blood test
(antinuclear antibody, anti-double-stranded deoxyribonucleic
acid, cytoplasmic antineutrophil cytoplasmic antibody), and
imaging studies. Laboratory tests were normal. MR brain
study documented a flow-void signal of patent intracavernous
side carotid siphon (arrowhead, Figure 2A) and, medially,
intravascular characteristic signal modification suggestive of
breakdown of hemoglobin products in the thrombus (aster-
isk, Figure 2A). Time-of-flight MR angiography, with 3-D
maximum-intensity projection reconstruction (Figure 2B),
detailed the two intracranial fusiform aneurysms, one at the
left ICA as a giant fusiform intracavernous aneurysm (larger
than 25 mm in diameter), and the second as a contralateral
smaller aneurysm (12 mm large). Finally, an angio-computed
tomography shaded surface display reconstruction image

Figure 2 Magnetic resonance (MR) axial T,-weighted cerebral study shows flow-
void signal of patent intracavernous side carotid siphon (arrowhead), and, medially,
intravascular characteristic signal modification to refer breakdown hemoglobin
products of thrombus (asterisk) (A); time-of-flight MR angiography (TOF-MRA),
using a maximum-intensity projection (MIP) algorithm with 3-D MIP reconstruction,
detailed two intracranial fusiform aneurysms, one at the left internal carotid artery
(ICA) as a giant fusiform intracavernous aneurysm (larger than 25 mm in diameter),
and the second as a contralateral smaller aneurysm (12 mm larger) (B); angio-
computed tomography (A-CT) shaded surface display reconstruction (SSD) study
shows magnified detail of left partially thrombosed fusiform giant aneurysm (C);
left selective ICA digital angiography anteroposterior view confirms the partially
thrombosed giant intracavernous aneurysm (D).

(Figure 2C), showed magnified detail of a left fusiform
giant aneurysm and left selective ICA digital angiography
(Figure 2D) confirmed a partially thrombosed giant intrac-
avernous aneurysm. According to neuroradiological study,
we concluded that the patient had a symptomatic form of
THS.!° A conservative treatment was chosen, and the patient
underwent 5 days of standard subcutaneous unfractionated
heparin treatment adjusted in dose to prolong the aPTT
(activated Partial Thromboplastin Time) between 2.0 and 2.5.
After the fifth day of heparin therapy, oral sodium warfarin
was initiated, adjusted in dose to achieve an international
normalized ratio level between 2.0 and 3.0. The outcome
was favorable: at week 10 the patient was asymptomatic,
and his neuro-ophthalmologic examination was completely
normal. The patient currently has no neurological sequelae,
and is still on oral anticoagulant therapy.

Discussion
Vascular disease associated with NF1 is an underrecognized
complication, and includes stenoses, aneurysms, and arte-
riovenous malformations involving the aortic, renal, mes-
enteric, carotid-vertebral, subclavian-axillary, iliofemoral,
intracerebral, and coronary arteries.!"'? Reubi first described
the pathology of these lesions in 1945, and classified them
into three types of arterial lesions according to the size of the
vessel involved and the extent of the lesion — a pure intimal
type, an advanced intimal type, and the intimal-aneurysmal
type — and Feyrter presented an additional form: the nodular
or epithelial type.'>'* A hallmark of diseased vessels in NF1
patients is lumen occlusion and intimal wall hyperplasia.'®
Salyer and Salyer suggested that intimal thickening in NF1
vasculopathy is the result of a proliferation of Schwann cells
within the arteries.”” This implies a pathogenic relationship
between these lesions and the neurofibromas that character-
ize this disease. From a molecular point of view, while it
is well established that aberrations in Ras signaling lead to
human malignancies, emerging data generated in genetically
engineered mouse models now implicate perturbations in the
Ras-signaling axis in vascular smooth-muscle cells as central
to the initiation and progression of neointimal hyperplasia and
arterial stenosis.'®

Cerebrovascular complications that are quite variable
from one patient to the next can be more serious, particularly
among younger patients, as reported by an analysis performed
in the US from 1983 to 1995 indicating that the median age
of death for NF1 patients was 15 years lower than that of the
general population.* More recent studies confirmed these
observations.!”!#
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Among the rare cerebrovascular abnormalities in NF1,
more than 85% of cases are of purely occlusive or stenotic
nature, with intracranial aneurysm being uncommon.
Schievink et al detected incidental intracranial aneurysms
in two (5%) of 39 patients with NF1 who were hospitalized
for other reasons, suggesting that patients with NF1 are at
an increased risk of developing intracranial aneurysms as a
vascular manifestation of NF1.” From published case series of
symptomatic intracranial aneurysms in NF1 patients, it seems
there may be a wide symptomatology, either isolated or syn-
dromic, thus underlining the importance of a clear correlation
between anatomical sites and clinical presentations.®!*2!

Reported here is an unusual case of THS developing in
association with a rapidly progressive thrombosis of intra-
cavernous carotid artery aneurysm in a 25 year old NF1
patient. Because of the rarity of this association, we reviewed
the literature via Ovid and PubMed in an attempt to estab-
lish possible demographic and clinical characteristics that
may suggest putative mechanisms of pathogenesis. Studies
from the 1940s to the present day were searched using the
following terms: NF1, carotid-cavernous aneurysms, and
Tolosa—Hunt syndrome. To the best of our knowledge, this is
the first documented case of an association of NF1 and THS.
It should be duly noted that THS accounts for <<5% of cases
of painful ophthalmoplegia, and affects both sexes equally
and all ages, with a peak in the fifth decade. Although the
etiology of the syndrome remains unclear, THS is largely
considered a painful syndrome of idiopathic, self-limited
inflammation of the cavernous sinus, typically responsive
to corticosteroids.?*?* Diagnosis of THS involves the use of
MRI scan and blood test.?** Diagnosis is also done based on
the response of the patient suffering from this syndrome to
corticosteroids or other steroidal drugs. In our case, it should
be remarked that anticoagulant therapy has completely solved
the symptoms without any neurological sequelae, without
any need to administer corticosteroids.

Actually, there are many other causes of painful oph-
thalmoplegia, such as sella syndromes, cerebral aneurysms,
carotid cavernous fistulae, tumors beside the cavernous or
orbital sinus, diabetic neuritis, and infections from contigu-
ous regions.'®* Moreover, there has been report of some
reversible artery stenosis in THS, and these constriction
changes were considered to be caused by compression by
idiopathic granulomatous inflammation or periarteritis in the
cavernous sinus.?>?>?"2¢ Therefore, it is more likely that an
etiopathogenetic linkage between THS and intracavernous
vasculopathy can be found. Recently, an unusual case of THS
with a reversible internal carotid dissection aneurysm and a

stenosis in the intracavernous ICA segment was described in
the literature.?” Usually, cavernous sinus aneurysms, which
represent 5% of all intracranial aneurysms, are more frequent
in the elderly and present with an indolent ophthalmoplegia.
In many cases, the aneurysms were incidental findings on
neuroimaging or autopsy. Intriguingly, in a recent paper, Shel-
ton et al described the first case of cavernous sinus syndrome
from an intracavernous ICA aneurysm in a baby with tuber-
ous sclerosis, another relevant phakomatosis.* Therefore, a
hypothesis we can keep in consideration is that phakomatoses
give a predisposition, by a possible developmental defect of
the arterial wall, to the emergence of intracranial aneurysms,
which according to their location can give rise to distinctive
symptomatologies (ie, indolent ophthalmoplegia due to
intracavernous ICA). In our NF1 patient, we propose that
the pain associated with ophthalmoplegia may be due to an
“idiopathic” inflammation of the vascular wall, whose origin
cannot to our knowledge be explained by a known association
with phakomatoses themselves, but at the same time cannot
be excluded at all.

Conclusion

Mutations of the NFI gene result in either a loss of function
or a nonfunctional neurofibromin protein that allows for Ras
activation and ultimately for uncontrolled cell proliferation.
NFI haploinsufficiency results in disease with complete pen-
etrance and a range of clinical complications. Cerebrovascular
disease appears to contribute disproportionately to mortality
in children and young adults with NF1.> On review of the
literature, bilateral fusiform aneurysms in the anterior circu-
lation, as described in our patient, are extremely uncommon
in NF1 and represent a therapeutic challenge, particularly if
the aneurysm is giant and intracavernously located. Further-
more, the patient’s clinical characteristics are also notable for
the rapid progression of symptoms, after a clinically silent
long period, and their precise anatomoclinical correlation in
determining a symptomatic form of THS, emphasizing the
potential dynamic nature of aneurysms. This report serves to
draw attention to the management of cerebrovascular disease
as a specific potential complication of NF1 that has not been
specifically addressed by current published guidelines for the
diagnosis and management of NF1 patients. As is well known
to clinicians, unlike optic glioma, clinical examination may
not identify children at risk for cerebral arteriopathy, and
therefore the natural history, frequency, and pathogenesis of
vascular lesion formation are not well defined.*' In September
2008, the American Heart Association published a scientific
statement on the management of stroke in infants and children,
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and recommended that routine vascular screening may be
considered in individuals with relatively common and high-
risk disorders, such as NF1, Down syndrome, and sickle-cell
disease.” In particular, urgent evaluation for the presence of
an intracranial aneurysm should be considered in children or
young adults with NF1 or other phakomatoses who develop
new cranial nerve deficits, or even other types of focal deficits.
Conversely, children with aneurysms should be evaluated for
the stigmata of phakomatoses. In particular, on detecting a
carotid bruit, the clinician is duty-bound to investigate fur-
ther, as a proportion of patients will have significant stenosis
or other carotid disease, even if they are asymptomatic. In
contrast with current published guidelines for the diagnosis
and management of NF1 patients, we recommend also the
potential for universal noninvasive neuroimaging (ie, MRI
and transcranial Doppler sonography as effective diagnostic
tests) of young children with confirmed or probable NF1.
Furthermore, targeting signaling pathways may prove to be a
useful approach, because cell migration and proliferation are
critical events in the development of vasculopathy. Elucidation
of the role of neurofibromin in endothelial dysfunction and
smooth-muscle cell migration and proliferation may lead to
novel approaches to treatment of vascular disease in general,
as well as in patients with NF1.
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