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Abstract Neurofibromatosis type 1 (NF1) is a genetic syndrome which typically presents with
neurological manifestations. Some of the patients may also present with vasculopa-
thies, among which arterial aneurysms and stenosis are the most common. Deep vein
thrombosis (DVT) has rarely been described, and, to the best of our knowledge, the
present is the first report of DVT due to venous compression by a neurofibroma in the
setting of NF1.

This is the case of a 23-year-old male with NF1 who experienced DVT due to
compression of the left posterior tibial veins by a large tumor arising from the tibial
nerve. The DVT was acutely treated with enoxaparin and then with rivaroxaban. Two
months after the diagnosis, Doppler ultrasonography showed partial recanalization
and persistence of the DVT. The patient was then referred to neurosurgery for surgical
resection of the tumor. There were no complications during the procedure, and the
patient did not present postoperative neurological deficits. The final histopathological
diagnosis was of a benign neurofibroma. After one year of follow-up with vascular
surgery, the patient presented no more episodes of DVT.

In case there is a tumor compressing the deep vessels of the leg and promoting DVT,
surgical resection with microsurgical techniques may be curative.
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Resumo

Palavras-chave
= neurofibromatose 1
» neurofibroma
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A neurofibromatose tipo 1 (NF1) é uma sindrome genética classicamente associada a
manifestacoes neuroldgicas. Contudo, alguns dos pacientes apresentam também
manifestacoes vasculares, dentre as quais aneurismas e estenoses arteriais sdo as
mais comuns. Trombose venosa profunda (TVP) associada a NF1 raramente foi descrita,
e, pelo que sabemos, este é o primeiro relato de TVP devido a compressdo venosa por
neurofibroma no contexto de NF1.

Este é o caso de um paciente masculino de 23 anos, com NF1, que apresentou um
episddio de TVP devido a compressdo das veias tibiais posteriores esquerdas por um
grande neurofibroma que surgia do nervo tibial. ATVP foi tratada de forma aguda, com
enoxaparina e rivaroxabana. Dois meses apos o diagndstico, a ultrassonografia com
Doppler demonstrou recanalizacdo parcial com persisténcia da TVP. O paciente foi
entdo referido a neurocirurgia para ressec¢dao da massa. Nao houve complicagoes
devido ao procedimento, e o paciente ndo apresentou déficits neuroldgicos. O
diagnéstico histopatologico final foi de um neurofibroma. Ap6s um ano de seguimento
com a cirurgia vascular, o paciente ndo apresentou mais epis6dios de TVP.

Caso haja um tumor comprimindo os vasos profundos da perna e promovendo TVP, a

= trombose venosa

Background

Neurofibromatosis type 1 (NF1) is a complex genetic syn-
drome, in which the gene for neurofibromin (a tumor suppres-
sor protein) suffers a wide range of mutations,' resulting in
decreased neurofibromin synthesis. The prevalence of NF1 is
around 1 /3},000,2’3 and it presents as a systemic disease, with
dermatological, cardiovascular, gastrointestinal, orthopedic,
central, and peripheral nervous system manifestations.*
One of the cardinal features of NF1 is the predisposition toward
the development of certain peripheral nerve sheath tumors
(PNSTs). These may be benign, such as neurofibroma, or
malignant, such as the malignant peripheral nerve tissue tumor
(MPNST).! Among the systemic complications of NF1, there is a
series of vascular abnormalities, of which arterial manifesta-
tions are the most common. Those mostly comprise aneurysms
and stenoses of renal, aortic, and mesenteric arteries,® with
hypertension as the most common clinical feature secondary to
these.*%7 Venous manifestations are, in turn, exceedingly rare,
and may include venous thrombosis (vT)& 13

Literature Search

To investigate previous cases of NF1 with VT, we searched the
MEDLINE database for articles written in English with the
following MesH keywords and Boolean operators: (“Neurofi-
bromatosis 1" AND “Venous thrombosis”) OR (“Neurofibromatosis
1” AND “Vascular disease” AND “Vein”). While applying article-
type filters to select case reports, clinical studies, observational
studies, reviews, and systematic reviews, the search yielded 29
individual results, all case reports. In total, there were six case
reports of NF1-associated VT.>"1241> By searching the refer-
ences of each of these studies, we were able to find another
case.? In these reports, five patients had aneurysms correlated
to the formation of thrombus® 121415 and two did not,%'9
one of which was secondary to compression by an exostosis.'?
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resseccao cirtrgica com técnicas microcirargicas pode ser curativa.

The other 23 articles reported arterial manifestations, vascular
malformations, and NF1-associated vascular retinopathy. Some
of these cases also presented with venous manifesta-
tions,'>16-23 yet none with thrombosis.

Case Presentation

History and Examination

One year before surgery, a 22-year-old male with NF1
presented with swelling on the left leg, accompanied by
pain on walking. Doppler ultrasonography (USG) was per-
formed and showed a large mass over the course of the left
tibial nerve. There was no DVT, and the left saphenous veins
were tortuous. We decided not to resect the tumor at that
moment. The patient was treated with 0.5 g of metamizole
twice a day for 1 week, with improvement of the pain.

Ten months later, the patient presented with an acute
episode of edema and pain in the left leg. Doppler USG was
performed, and showed DVT of the posterior tibial veins and
thrombophlebitis of one collateral of the saphenous vein. The
patient was hospitalized for 3 days, and underwent treatment
with enoxaparin (1.5 mg/kg once a day). A computed tomog-
raphy angiogram (angio-CT) was performed, and it showed
compression of the left fibular and posterior tibial veins by a
large tumor arising from the tibial nerve (=Fig. 1). Given the
setting of NF1, the lesion was presumed to be a neurofibroma.
The patient continued treatment with 15 mg of rivaroxaban
twice aday for 21 days, and then 20 mg once a day. Doppler USG
was again performed two months after the initial diagnosis of
DVT, and it showed partial recanalization with persistence of a
thrombus (=Fig. 2). The saphenous veins were congested and
tortuous. The patient was then referred to the authors’ care for
evaluation by vascular and peripheral nerve surgery.

Upon physical examination, he presented with pain on the
left leg (visual analog scale [VAS] = 6), M4+ left foot flexion
on the British Medical Research Council (BMRC) scale, and
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Fig. 1

Deep vein thrombosis in the setting of NF1
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(A) Three coronal slices of a computed tomography angiogram (angio-CT) showing the compression of the posterior tibial veins by the

tumor (T) arising from the tibial nerve. Note the deviation of the course of one of the posterior tibial veins (ptv), compressed against the muscles
of the posterior compartment of the leg. One of the fibular veins (fv) appears to be compressed against the fibula. (B) 3D reconstruction of an
angio-CT from a posterior-medial point of view showing the mass effect of the tumor onto the posterior tibial veins. The white arrows show one
of the deviated fibular veins. The black arrows show one of the deviated posterior tibial veins.

V 118 POST ESQ

Fig. 2 Doppler ultrasonography of the left posterior tibial veins,

performed two months after hospitalization for the treatment of deep
vein thrombosis. There is partial recanalization, yet the thrombus is
still present. Abbreviation: V TIB POST ESQ, left posterior tibial veins.
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plantar hypesthesia. The mass was not palpable, yet the left
leg was edematous. There was also a positive Tinel sign over
the course of the left tibial nerve.

Electroneuromyography was performed, and it showed a
delay in motor conduction with a reduction of amplitude
(3.7 uV), and a minor delay in the distal sensitive response of
the left sural nerve. Magnetic resonance imaging (MRI) was
then also performed to better evaluate the tumor’s relationship
to neighboring structures and to help in the preoperative
planning (=Fig. 3). Even though the lesion was large (96 mm
on its largest axis), it presented predominantly high
(> 13 %102 mm/s?) apparent diffusion coefficient (ADC)
values on diffusion-weighted imaging (DWI). This, along with
the absence of features suggestive of malignancy (that is,
peripheral enhancement, perilesional edema, intratumoral
cystic changes), favored the hypothesis of a benign neurofibro-
ma.>*?> There were no signs of muscle denervation.

Surgery

Given the presence of a large tumor inside the left tibial nerve,
and the evidence of the persistence of DVT on Doppler USG,
surgical resection of the tumor with decompression of the
vessels was then decided. With the aid of loupes, a classic
approach to the left tibial nerve through the medial aspect of
the leg was performed, with mobilization of the gastrocnemius
and soleus muscles. Gentle progressive dissection was then
performed, with individualization of the compressed deep

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Fig. 3 (A) Coronal Short tau inversion recovery weighted (STIR-
weighted) magnetic resonance imaging (MRI) without contrast of a
large heterogeneous lesion (96 x 56 x 49 mm) arising from the left
tibial nerve and compressing the deep vessels of the posterior
compartment of the left leg. The lesion presents with well-defined
borders, and there are no apparent signs of tissue invasion or
perilesional edema. (B) Axial T2-weighted MRI without contrast of the
lesion showing predominantly high signal intensity and a central
region with lower signal intensity. (C) T1-weighted MRI with contrast
showing discrete and heterogeneous central enhancement. The arrow
shows one of the posterior tibial veins compressed against the soleus
muscle fascia. Abbreviations: Lh, lateral head of the gastrocnemius;
Mh, medial head of the gastrocnemius; MRI, magnetic resonance
imaging; S, soleus muscle; T, tumor..
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vessels of the leg. After the complete exposure of the tumor
(and of the healthy tibial nerve proximally and distally to the
mass), electrical mapping of its surface was conducted with the
aid of intraoperative electrical stimulation to identify an area
devoid of functional fascicles. With the aid of microsurgical
techniques under microscopy, a sharp opening of the pseudo-
tumoral capsule was performed in this “electrically-silent”
area. An intraoperative biopsy was then performed, and it
revealed a probable neurofibroma, without characteristics of
malignancy. The pseudotumoral capsule could be differentiat-
ed from the true tumor capsule by its color and consistency
(respectively white-grayish and tough, against yellowish and
soft), and a cleavage plane was established in a fascicle-free
corridor. A circumferential dissection was performed with
complete isolation of the tumor toward its proximal and distal
poles to identify the tumor’s fascicle of origin (in this case, only
one). The fascicles that entered and exited the tumor were not
functional, and they were sectioned. The huge tumoral mass
was resected en bloc, with the preservation of the functional
fascicles. The borders of the nerve were gently everted to look
for any residual tumor inside the nerve (“open book” maneu-
ver) (~Fig. 4).

Follow-up

No postoperative complications were observed. The patient
left the hospital with the same deficit as before (M4+ foot
flexion) and reduction of pain (VAS = 3). He was treated with
pregabalin as soon as was discharged (75 mg 3 times a day
during the first month; twice, during the second month; and
once, during the third month), and was directed to physio-
therapy treatment after the stitches were removed. He was
followed up in the outpatient clinic, and, after 3 months,
recovered to M5 foot flexion and presented with no more
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Fig.4 (A) Exposure of the tumor. The arrows show functional fascicles dislocated by the mass. (B) Surgical aspect after resection of the lesion.
The arrows show the preserved functional fascicles inside the tibial nerve. (C) Tumor resected en bloc. (D) Hematoxylin and eosin, 400x. Benign
neurofibroma showing hypocellular proliferation of slightly elongated spindle cells, with wavy and hyperchromatic nuclei; in some, the nucleolus
is evident. Collagen and a slight amount of mucoid material are observed among the neoplastic cells, as well as rare mononuclear inflammatory
cells. The specimen presented no necrosis, and there were rare nuclear atypia.
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pain, so that pregabalin was discontinued. Six months after
the surgery, the patient was also evaluated by vascular
surgery, and no further episodes of DVT were observed.

Discussion

In the present study, we report a case of a patient with NF1
who experienced DVT due to compression of posterior tibial
veins by a neurofibroma in the posterior compartment of the
leg. To the best of our knowledge, the present is the first
report of VT secondary to external compression by neurofi-
broma in the setting of NF1.

The prevalence of NF1 vasculopathy has been estimated to
be of at least 8% in a study?® conducted with 181 pediatrics
patients with NF1. Its mechanisms are yet not completely
understood.**’~2° The vascular manifestations of NF1 appear
to increase morbidity and mortality. A nationwide study30
conducted in the United States with death certificates showed
that NF1 patients younger than 30 years of age who died were
more than twice as likely to have been diagnosed with vascular
disease when compared with those without NF.

The vasculopathy pathogenesis of NF1 has been shown to
involve a series of events caused by dysfunction of the
synthesis of neurofibromin (the encoded protein of the
NF1 gene), which physiologically works as a downregulator
of the Ras cascade signaling. Without the downregulation,
the Ras signaling pathway augments cell proliferation in the
vascular endothelium (with enhanced expression of cyclin D
and cells more frequently entering the cell cycle).28 It also
causes smooth-muscle hyperplasia’ and inflammation.?®
The cell lineage that appears to be key in this pathogenesis
is the bone-marrow-derived cell (BMDC). It has been shown
that the inactivation of the NF1 gene in this cell lineage in
mice was both sufficient and necessary to cause neointima
formation and evidence of vascular inflammation similar to
that observed in NF1 knockout mice.?°

Although the manifestations of NF1 vasculopathy are
mostly arterial, patients may also present with venous
rupture, venous aneurysms, and/or VT.271231 It has been
shown that the absence of NF1 in vitro is sufficient for human
venous endothelium cells to undergo autonomous prolifera-
tion.”® This endothelial dysfunction has been extensively
implicated in the pathogenesis of VT.3273° In this setting,
the venous endothelium also shows altered vascular mor-
phogenesis, which helps to explain the vascular morpholog-
ical alterations in NF1 patients (that is, stenosis and
aneurysms),>>12141931 some of which may further in-
crease the risk of VT (that is, venous aneurysm).?'s"z'8

We have found four reports of NF1 patients presenting
with venous aneurysm and an associated VT. Seinturier
et al.'? presented a case in which a 64-year-old woman,
with NF1, developed pulmonary embolism secondary to a
thrombosed venous femoral aneurysm. There are other 3
case reports of NF1 patients younger than 50 years of age
who presented with internal jugular thrombosis secondary
to aneurysmal degeneration.("'”'14

Lehrnbecher et al.2 reported a case in which a 4-year-old boy
was diagnosed with NF1 systemic vasculopathy, including
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thrombosis of the right posterior tibial vein, without evidence
of a correlated aneurysm or compression/infiltration by a
tumor.

None of the seven reports described compression or
infiltration of venous structures by a neurofibroma. None-
theless, DVT in NF1 patients may also be caused via extrinsic
compression by these tumors, as blood stasis has also been
implicated in thrombogenesis.>3° This, we think, contrib-
uted to the process of thrombogenesis in the present case,
given that the tumor arose from the tibial nerve, in a tight
region in the posterior compartment of the leg.

Deep vein thrombosis secondary to external compression
by tumors has been reported in other settings such as the
superior vena cava, and pulmonary and iliofemoral veins.*?-42
It has been reported once in the setting of NF1, by an exostosis,
in the popliteal vein.'® One study*® conducted with patients
harboring high-grade non-Hodgkin lymphoma showed that
venous compression by the tumor was present in 51% of
patients with DVT. Given the higher prevalence of neuro-
fibromas in NF1 patients, it is thus reasonable to assume
that DVT secondary to tumoral compression may also have a
higher prevalence in this population.

Conclusion

Clinicians should be alert to signs and symptoms suggestive
of DVT in NF1 patients, as NF1 seems to favor venous
endothelium dysfunction. Tumors may also compress or
infiltrate the veins, promoting VT through blood stasis,
when there is venous compression; or through endothelial
damage, when infiltration occurs. In case there is a tumor
compressing venous structures and promoting DVT, surgical
resection with microsurgical techniques may be curative and
able to preserve neurological function.
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