BRAIN &
DEVELOPMENT

Official Journal of
' the Japanese Society

r‘- SR
ELSEVIER Brain & Development xxx (2019) xxx—Xxx of Child Neurology

www.elsevier.com/locate/braindev

Original article

Brain gliomas, hydrocephalus and idiopathic aqueduct stenosis
in children with neurofibromatosis type 1

Marie Glombova “>*, Borivoj Petrak ?, Jiri Lisy ¢, Josef Zamecnik d
David Sumerauer ¢, Petr Liby'

@ Department of Paediatric Neurology, Second Faculty of Medicine, Charles University in Prague and Motol University Hospital, Prague,
Czech Republic
® Paediatric Department, District Hospital Kolin, Czech Republic

€ Department of Imaging Methods, Second Faculty of Medicine, Charles University in Prague and Motol University Hospital, Prague, Czech Republic

4 Department of Pathology and Molecular Medicine, Second Faculty of Medicine, Charles University in Prague and Motol University Hospital,

Prague, Czech Republic

€ Department of Haemato-oncology, Second Faculty of Medicine, Charles University in Prague and Motol University Hospital, Prague, Czech Republic

' Department of Neurosurgery, Second Faculty of Medicine, Charles University in Prague and Motol University Hospital, Prague, Czech Republic

Received 29 September 2018; received in revised form 28 March 2019; accepted 2 April 2019

Abstract

Purpose: To evaluate the incidence and clinical importance of brain gliomas — optic pathway gliomas (OPGs) and especially glio-
mas outside the optic pathway (GOOP) for children with neurofibromatosis type 1 (NF1), additionally, to assess the causes of
obstructive hydrocephalus in NF1 children with an emphasis on cases caused by idiopathic aqueduct stenosis.

Subjects and methods: We analysed data from 285 NF1 children followed up on our department from 1990 to 2010 by the same
examination battery.

Results: We have found OPGs in 77/285 (27%) children and GOOPs in 29/285 (10,2%) of NF1 children, of who 19 had OPG and
GOOP together, so the total number of brain glioma was 87/285 (30,5%). GOOPs were significantly more often treated than OPGs
(p > 0.01). OPGs contain clinically important subgroup of 14/285 (4.9%) spreading to hypothalamus. Spontaneous regression was
documented in 4/285 (1.4%) gliomas and the same number of NF1 children died due to gliomas.

Obstructive hydrocephalus was found in 22/285 (7.7%) patients and 14/22 cases were due to glioma. Idiopathic aqueduct stenosis
caused hydrocephalus in 6/22 cases and was found in 2.1% of NF1 children. Two had other cause.

Conclusions: The total brain glioma number (OPGs and only GOOPs together) better reflected the overall brain tumour risk for
NF1 children. However, GOOPs occur less frequently than OPGs, they are more clinically relevant. The obstructive hydrocephalus
was severe and featuring frequent complication, especially those with GOOP. Idiopathic aqueduct stenosis shows an unpredictable
cause of hydrocephalus in comparison with glioma and is another reason for careful neurologic follow up.
© 2019 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Neurofibromatosis type 1 (NF1) is an autosomal
dominant disorder, with complete penetrance, variable
expression and a high rate of new mutations. The inci-
dence is about 1: 2500-3000 individuals, the average glo-
bal prevalence 1 case per 3000 individuals [1]. The NF1
gene is located on the 17th chromosome (17q11.2) and
encodes neurofibromin. Neurofibromin is known as a
tumour suppressor and NF1 patients are at increased
risk for developing benign and malignant tumours.

The diagnosis is based on the National Institutes of
Health (NIH) Diagnostic Criteria for Neurofibromato-
sis Type 1 [2].

The most common NF1 brain gliomas are optic path-
way gliomas (OPG), usually with a presented incidence
of 15-20%, but in fact incidence differs between studies
from 4.8% to 29% [3,4]. The period of OPG manifesta-
tion is mostly up to six years of age, respectively during
first decade of life, but later manifestations have been
noted, too, and OPG appearing in older children or
adults could be more aggressive and more often progress
than in small children [5,6]. Histologically they are usu-
ally pilocytic astrocytomas grade I, they are in one half
to two thirds asymptomatic, and their biologic potential
is more favourable with a better prognosis than in non-
NF1 patients [7,8]. Identifying which lesions will become
aggressive is unpredictable in the beginning and also
spontaneous regression is described [§]. The most com-
mon OPG symptoms are ophthalmological, such as
vision loss or squinting, but also pubertas praecox or
small linear growth could appear too. According to Lis-
ternick et al., the actual incidence of symptomatic OPGs
in NFI1 is probably 1.5-7.5% [9]. OPG are classified
according to modified Dodge criteria from 2008 into
four types involving: type 1 — optic nerve/s, type 2 — chi-
asma, type 3 — optic tracts and type 4 — posterior tracts.
H+/— means hypothalamus involvement and LM +/—
leptomeningeal dissemination. According to Taylor
et al., 98% of OPG involve the optic nerve — one or both,
and/or optic chiasma [10]. The MRI definition of the
OPG is an enlargement of the optic nerve beyond nor-
mal size, with or without contrast enhancement on brain
MR imaging [8].

Gliomas outside the optic pathway (GOOPs) in NF1
children are less commonly mentioned in literature, and
the incidence rate is not really known. Their biologic
potential, in comparison with non NF1 patient with
brain gliomas, is often less aggressive, but in comparison
with OPG it is more important in NF1 patients. The
described localisation is mostly in the brainstem and
cerebellum [5,11,12]. GOOPs have sometimes difficult
differential diagnosis with distinguishing from hyperin-
tense lesions on T2W images typical for NF1. These
findings are called Focal Areas of Signal Intensity
(FASTI) [13]; they appear typically at about three years

of age, increase in number and size into adolescence,
and then spontaneously regress. They are typically
hyperintense on T2W and FLAIR MR images and
iso- to mildly hypointense on TIW images. Sometimes
they show slight T1 shortening, which has been related
to myelin clumping or microcalcification. Mass effect,
vasogenic oedema, and contrast enhancement are char-
acteristically absent [14], however, the lesions in the glo-
bus pallidus occasionally have a mild mass effect and
may be bright on TIW images [15]. The incidence of
FASI in the Czech NF1 child population is 86% [16].

Obstructive hydrocephalus is mostly caused by an
expansive lesion compressing the liquor pathway - espe-
cially a chiasmatic, hypothalamic, or brainstem tumour.
The incidence in NF1 patients is 1-5% [4,11,17,18].

Idiopathic aqueduct stenosis of the distal part of the
aqueduct is a rare condition connected with NF1 and
also another possible cause of obstructive hydro-
cephalus in NF1. Incidence is described in about 1.5—
2% of NFI1 patients and the aetiology is unknown
[11,12,18]. Phase-contrast MR imaging is helpful for
the diagnosis of aqueduct stenosis [19]. Clinical signs
of increased intracranial pressure from this condition
are usually very inconspicuous, although patients could
have huge findings on brain imaging.

2. Subjects and methods

We undertook a retrospective analysis of 285 NF1
children according to the NIH diagnostic criteria for
NF1, followed up at the Department of Paediatric Neu-
rology in Motol Hospital (which is University Hospital
of Second Medical School of Charles University in Pra-
gue), between 1990 and 2010. This department examined
patients from the whole Czech Republic. Records were
collected for 154/285 (54%) boys and 131/285 (46%)
girls, ranging in age from birth to their nineteenth birth-
day. The cohort contains children followed up at our
Department, evaluated by the same scheme — neurologic
and ophthalmologic examinations, and all had also at
least one brain MR imaging. Children without brain
MR imaging (none or only CT) or with lack of clinical
information were excluded from the study. Neurologic
examination contained evaluation of muscle tonus, cra-
nial nerves function, deep tendon reflexes, cerebellar
function, in nursling evaluation of psychomotor devel-
opment, annually during follow up, at least once, and
in patients with neurologic symptoms/problems as fre-
quently as needed. Opthalmological evaluation included
visual acuity since 3 years old and evaluation of optic
disc (swelling or atrophy) each 4-6 months, in coopera-
tive children color vision and perimeter once a year. —
Some brain MRI examinations were recorded on a
0.5 T machine (14 patients) and the main part of the
cohort (271 patients) on 1.5T MR equipment. Brain
MRI protocol contain TIW, T2W and FLAIR imaging,
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coronal sequences for optic nerves evaluation, sagital
sequences, and imaging after contrast application. All
findings were evaluated at the Department of Radiology
in Motol Hospital and described by paediatric radiolo-
gists on MRIs with the same OPG diagnostic criteria.
Problematic findings, especially in identifying FASI
and suspected GOOP, were discussed on multidisci-
plinary seminars with paediatric specialists: neurolo-
gists, neurosurgeons, radiologists and oncologists.

The aim of the study was to emphasis especially
GOOPs and their importance for NF1 children although
they has been frequently missed out or outshined by
OPGs, additionally, to assess the causes of obstructive
hydrocephalus in NF1 children and show the rare cases
caused by idiopathic aqueduct stenosis.

2.1. Evaluated MR findings

OPGs were evaluated in all 285 NF1 patients and
were classified as a dilatation of the optic nerve more
than 4 mm on the coronal sequences, and in the chiasma
as a widening more than 4 x 10 mm (height x width).
The measurements were based on Avery et al., Karim
et al., Kornreich et al. and Votruba et al. [8,20-22].
Accessory information as elongation of the optic nerve,
kinking, mass effect and enhancement after contrast
administration were also described. The tumour locali-
sation was defined according to MRI modified Dodge
criteria: type 1 — optic nerve/s, type 2 — chiasma, type
3 — optic tracts and type 4 — posterior tracts, H+/—
means hypothalamus involvement and LM +/— lep-
tomeningeal dissemination. [10].

GOOPs were evaluated in all 285 patients. The diag-
nosis of a tumour was considered in the presence of two
or more of the following radiological features: expansive
lesion, contrast enhancement and mass effect [5]. MRS
was made in only some cases so we did not use it in
the study. The histology was reviewed in available cases
and classified according to the the 2016 World Health
Organisation (WHO) classification of tumours of the
central nervous system [23].

FASI has been defined as hyperintense on T2W and
FLAIR MR images and iso- to mildly hypointense on
TIW images, without mass effect or vasogenic oedema
[14], however, the lesions in the globus pallidus occa-
sionally have a mild mass effect and may be bright on
T1W images [15]. They do not enhance after gadolinium
administration and do not lead to focal neurological
symptoms. Problematic lesions were carefully followed
up and when change (and fullfit glioma definition, espe-
cially when became contrast enhancing) they were called
gliomas. FASI were evaluated in 271/285 (95.1%) cases.
FASI were not evaluated in 14 children with an incom-
plete description examined on 0.5 T MR equipment.

Obstructive hydrocephalus with its cause and idio-
pathic aqueduct stenosis were evaluated in all 290
patients.

2.2. Therapy

The glioma’s therapy means neurosurgery treatment,
actinotherapy or chemotherapy.

Neurosurgeons made partial or total tumour resec-
tion, evaluated cystic portion and/or solved hydro-
cephalus, mostly by ventriculoperitoneal shunt
implantation. In operated cases the histology was also
available. Neurosurgeons made also biopsy in indicated
cases (especially where was suspection to higher grade
glioma), but this was not count as neurosurgery ther-
apy. Actinotherapy was preferred in early 1990th, but
because of side effects and serious consequences was
later determinate for specific cases only. Localised
actinotherapy - gamma knife was used in some patients
too. Nowadays, respectively since 2000th, the
chemotherapy was preferred therapy for NF1 patients
with glioma, especially due to SIOP protocol for low
grade gliomas (SIOP LGG 2004 protocol). Some
patients needed combination of therapeutic methods.
Because the therapeutic strategy subsequently changed
during followed up period, we showed only the num-
bers of treated cases, without next specification. The
therapeutic strategy was made by paediatric oncolo-
gists in cooperation with neurosurgeons in Motol
Hospital.

The OPG treatment criteria were based on imaging
findings — hudge OPG or progression with optahmo-
logic problems as decrease or worsing visual acuity,
optic disc atrophy and neurologic symptoms as propto-
sis, ocular palsy and hydrocephalus development.
GOOP treatment was decided according to imaging
finding but also due to clinical findings — neurologic
symptoms. Neurosurgery has had still an important
position in GOOPs treatment - tumour resection or
hydrocephalus solution.

2.3. Statistical analysis

We compared the clinical importance in the necessity
of treatment in OPG subgroups Dodge 1 and Dodge 2,
and also in OPGs versus GOOPs. Differences were
tested by a x° test, with statistically significant P-
value < 0.05, and P-value <0.01 was considered to be
statistically very significant.

3. Results

We evaluated 285 NF1 children, 131 (46%) girls, 154
(54%) boys.
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3.1. Optic pathway gliomas

OPGs were found in 77/285 (27%) children, 37 girls
and 40 boys. We classified them according to modified
Dodge criteria: 35 gliomas were Dodge 1 and 42 were
Dodge 2. We did not find patients with Dodge 3 or 4
in our cohort (Table 1, Fig. 1).

OPGs Dodge 2 included 14 OPGs spreading to the
hypothalamus (Dodge 2 + H). Nine of the 14 developed
pubertas praecox and one had other endocrinopathy,
13/14 children had also visual problems. Only one
patient in this subgroup was not treated for an OPG.

We have found three patients with well documented
spontaneous OPG regression — one with Dodge 1
OPG and two had Dodge 2 OPG (none from Dodge
2 + H subgroup).

OPGs were diagnosed at the median age 6 years
(72 months) old (range from birth to 19 years old).

Twenty-nine/35 Dodge 1 OPG patients were only fol-
lowed up — 20/29 had unilateral OPG and 9/29 were
with bilateral OPGs. Twenty-three/29 had normal visus,
which got worse in only one patient, and was joined to
fast worsening of the clinical state, especially due to
the GOOP progression. Six/29 patient had visual prob-
lems, which were stable. Three patients had also some
endocrinologic problems. Sixteen/42 Dodge 2 OPG were
not treated. Forteen/16 had normal visus, 2/16 had
amblyopia and visual impairment, all patients were
without ophthalmologic progression during follow up.
Pubertas praecox was found in 4/16 cases and one/16
was treated with grow hormone (Table 2A).

Thirty-two/77 OPGs were treated — six/35 Dodge 1
and 26/42 Dodge 2 OPGs. Four/6 Dodge 1 OPGs were
unilateral gliomas, three patients had severe visual
impairment and underwent neurosurgery resection of
optic nerve with glioma, one patient had normal visus,
and chemotherapy was indicated due to MRI progres-
sion. Two/6 patients with bilateral OPGs were treated
with combination of treatment methods, because of clin-
ical progression after first therapy. Thirteen/26 Dodge 2
OPGs were from Dodge 2+ H subgroup, and initial

Table 1
Numbers of OPG in our cohort.
OPG Total F/M  Treated Hydr. Died Regr.
Dodge 1 35 18/17 6 0 0 1
Left 11 6/5 3 1
Right 13 518 1
Bilateral 11 714 2
Dodge 2 42 19/23 26 2 1 2
Dodge 2 + H 14 4110 13 2 1
Total 77 37/40 32 2 1 3

OPG - optic pathway glioma, F/M = female/male, Hydr. = hydro-
cephalus, Regr. = spontaneous regression, Dodge 2 + H = Dodge 2
+ hypothalamus involvement.

visus was normal in only one/13 case. Other ophthalmo-
logic symptoms were bulbus protrusion (2 cases) and
squinting (1 patient). Nine/13 children had pubertas
praecox and 1/13 another endocrinopathy. Monother-
apy was used in 8/13 cases, and five/13 children must
be treated with combination of treatment methods.
Visus was stable in 5/13 cases, in 7/13 progress and in
only one/13 was little better after treatment. Two
patients developed moya-moya syndrome after
actinotherapy. Another 13/26 Dodge 2 OPGs were from
subgroup without hypothalamus involvement. Two/13
patients had initially normal visus, but both with later
progression, 11/13 patients showed decreased visus, with
next progression in 3 cases, stable in 7 cases, and one
patient was blind on affected eye after neurosurgery.
Other ophthalmologic symptoms were: exophthalmus
(1 patient), nystagmus (3 cases), squinting (1 case).
Five/13 children had pubertas praecox, one mild hyper-
prolactinemia. Ten/13 children were threated with
monotherapy, three/13 with combination (Table 2B).

Respectivelly, in conclusion, only eight symptomatic
OPGs were not treated, and their ophthalmologic func-
tions were stable during follow up. And from treated
symptomatic OPGs only twelve had stable visual func-
tions and even in one case was visus little better.

We compare the clinical importance of Dodge 1 and 2
groups statistically (according to necessity of treatment)
and found statistically very significant differences with
Dodge 2 being clinically more relevant than Dodge 1
OPGs (p <0.001), because they more often needed
treatment.

3.2. Gliomas outside optic pathway

GOOPs were found in 29/285 (10,2%) of NFI
patients in our cohort. We divided GOOP into three
subgroups - supratentorial, infratentorial and patients
with more than one GOOP (Table 3).

Supratentorial gliomas were found in nine children.
Three were in the hypothalamus, without connection
to the chiasma (Figs. 2A-2C), and were only followed
up, while two of them spontaneously regressed — both
showed contrast enhancement which distinguished
them from FASI, but later the tumour regressed.
The regression in one boy was of both tumours:
OPG and hypothalamic GOOP. Three patients had
GOOP in the thalamus, all caused hydrocephalus,
although all were treated one patient died due to
tumour progression. Other one patient had treated
GOOP in the temporal lobe and last two patients
were treated and both GOOPs caused also hydro-
cephalus: one was located in basal ganglia and the
other in pineal gland.

Infratentorial gliomas were found in 12 children. Five
children had tumours in the cerebellum — three were
treated and one tumour caused hydrocephalus. Six
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Fig. 1. Glioma of prechiasmatic part of right optic nerve (white arrow), coronal T2-TSE.F/S (T2 — weighted turbo spin echo/fat saturation) image.

tumours were located in the brainstem — two were only
followed up, and four treated; one patient died. Hydro-
cephalus developed in three patients. One boy had a
huge tumour involving the brainstem and cerebellum,
and this naturally led to hydrocephalus, and this patient
died due to tumour progression.

Eight children had more than one GOOP, and all were
treated. Three patients did not have OPG together, two
patients developed hydrocephalus.

The median age of GOOP discovered was 9 years
and 10 months old (range from three years and three
months to 18 years old). Seven/29 patients were asymp-
tomatic, 22/29 were treated, included all with more
than two GOOPs. Six patients underwent neuro-

surgery, one chemotherapy and four actinotherapy
only. Eleven were treated by more than one modality.
The histology of the available cases included astrocy-
tomas grade I or II, only one patient had astrocytoma
grade II-111.

We compared the clinical significance of GOOPs and
OPGs in terms of treatment necessity and we discovered
that GOOPs were clinically, significantly more impor-
tant for NF1 children than OPGs (p <0.01).

FASI were found in 229/271 (84.5%) cases — 106 girls
and 123 boys, in the typical localisation described in
NF1 patients (Figs. 3A and 3B).

Eighty-seven out of 285 (30.5%) patients had some
brain glioma.
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A - only followed OPGs

Dodge classification Initial visus Visus during follow up

Other

Endocrinologic problems

opthalmologicsymptoms

Normal Impairment Stable Progression
Dodge Unilateral 17 3" 20 0 Bulbus protrusion 1 GH treatment 1
129 OPG 20 v Puberta tarda 1
Bilateral 6 3" 8 1
OPG 9
Dodge 14 2" 16 0 Puberta praecox
216 4GH treatment 1

B - treated OPGs

Dodge classification Initial visus Visus during follow up Other Endocrinologic problems  Therapy
Normal Impairment Stable Progression opthalmologicsymptoms NS ActT ChT Multi
Dodge Unilateral 1 3¢ Amaurosis 1 Amaurosis after NS 3 Puberta praecox 1 3 1
16 OPG4 3
Bilateral 0 2% 0 2 2
OPG 2
Dodge Dodge - 2 2 11 7 5 Exophthalmus Puberta praecox 2 6 2 3
226 without H13 1Nystagmus 3, Squint 1 5Hyperprolactinemia 1
Dodge -2+ 1 12 5 7 Bulbus protrusion Puberta praecox 9Other 1 4 3 5
H13 Better 1 2Squint 1 endocrinopathy 1

GH = grow hormone, H = hypothalamus, NS = neurosurgery, ActT = actinotherapy, ChT = chemotherapy, Multi = multimodal treatment.

* Hypermetropia with astigmatism 1, myopia 1, decreased visus 1.
** Unilateral decreased visus 2, hypermetropia 1.

* Amblyopia and decreased visus 2.

¥ Severe visual impairment (nearly amaurosis).

% Severe visual impairment.

Table 3

Numbers of GOOPs in our cohort.

GOOP Total F/M Treated Hydr. Dead Regr. OPG - Dodgel OPG - Dodge2
Supratentorial 9 6/3 6 5 1 2 1 4

Infratentorial 12 4/8 8 5 2 0 3 6

more than 1 8 3/5 8 2 0 0 3 2

- 2 or multiple GOOP, no OPG 3 2/1 2 2

- multiple GOOP, with OPG 5 1/4 5 3 2

Total 29 13/16 22 12 3 2 7 12

GOOP = glioma outside optic pathway, F/M = female/male, Hydr. = hydrocephalus, Regr. = spontaneous regression, OPG = optic pathway

glioma.

3.3. Obstructive hydrocephalus

Obstructive hydrocephalus was found in 22/285
(7.7%) patients, in the median age 10 years 1 month
old (range from three years and six months to 19 years
old). Fourteen cases were caused by glioma, respectively
two OPGs and 12 GOOPs were leading to hydro-
cephalus. The second most common cause was idio-
pathic aqueduct stenosis of distal part of aqueduct, in
six patients. The other two patients had hydrocephalus:
due to an expansive arachnoid cyst in one patient and

secondary aqueduct stenosis (after actinotherapy) in
the last one child.

3.4. Idiopathic aqueduct stenosis

Idiopathic aqueduct stenosis was found in two girls
and four boys, in total 6/285 (2.1%) patients (Table 4).
Only one boy had OPG and none had GOOP. The med-
ian age of manifestation was 11 years 2 months old (a
range from seven years six months to 16 years
11 months). The clinical signs were very inconspicuous
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Fig. 2A. Post contrast T1/SE in coronal plane, 10 yr. girl with NF1, hypothalamic GOOP above optic chiasma enhances after Gadolinium

application (white arrow).

for months and in most cases the first sign was a head-
ache. In two cases, vomiting was irregular and attached
importance to some gastrointestinal problems, similarly
to an increased frequency of seizures in another one
patient, which was regarded as inadequate drug therapy.
In two cases, a severe impairment to speech develop-
ment was described. In an asymptomatic case the hydro-
cephalus was found by routine MR imaging. All cases
were treated; four out of six patients underwent inter-
ventriculostomy with shunt placement from the third
to fourth ventricle. A ventriculoperitoneal shunt (VPS)
was implanted in two out of six cases. One girl, who
was asymptomatic, developed apallic syndrome after
VPS implantation, which lasted for a few months and
then slowly got better.

4. Discussion

NF1 is an illness with many complications, including
significantly increased tumour risks and a risk of idio-
pathic aqueduct stenosis and development of
hydrocephalus.

4.1. Optic pathway glioma

We have found 27% NF1 children with OPG in our
cohort, which is higher than the commonly stated 15—
20%. But, in fact, the data differs widely in literature
from 4.8%, in McGaughran et al., to the highest inci-
dence 28.6% described by Blazo et al. and 29% by Leisti
[3,4,24]. The reason should be in the lack of a strictly

Please cite this article in press as: Glombova M et al. Brain gliomas, hydrocephalus and idiopathic aqueduct stenosis in children with neurofi-
bromatosis type 1. Brain Dev (2019), https://doi.org/10.1016/j.braindev.2019.04.003



https://doi.org/10.1016/j.braindev.2019.04.003

8 M. Glombova et al. | Brain & Development xxx (2019) xxx—xxx

Fig. 2B. FLAIR in axial plane, hypothalamic GOOP has increased signal (white arrow), mesencephalic FASI (black arrows) have also increased

signal.

defined pathology of the optic nerve and methods of
cohort definition and MRI indications. We consider a
normal width of the optic nerve as up to 4 mm, and
enlargement above this was evaluated as glioma and
the normal size of the chiasma was assessed as
(height x width) 4x10 mm. But, in the literature only a
few papers defined the normal optic nerve diameter.
We based the limits on Avery et al. (3.9 mm), Karim
et al. (a mean optic nerve diameter 3.99 + 0.04 mm, just
posterior to the globe, decreasing to 3.50 + 0.04 mm
posteriorly), and Votruba et al. (3.5 + 0.3 mm) [20-22].
Kornreich et al. defined OPG only as an enlargement
above the normal size and in chiasma greater than
1 cm [8]. The other findings (e.g., abnormal optic nerve

elongation, kinking, presence of T2 hyperintensity, and
enhancement after contrast administration we consid-
ered as additional data, similarly to Avery et al. [20].
The therapeutic strategy of OPGs in NF1 subse-
quently changed during the last thirty years, to prefer
chemotherapy for OPGs and other low grade gliomas
in an effort to avoid neurosurgery interventions and
actinotherapy [25], and with knowledge about this
mostly benign and stable disease, most of patients are
only followed up on. The most jeopardised OPG sub-
group is Dodge 2 + H. These patients mostly need treat-
ment but usually had some additional clinical problems,
visual or endorinological. Moreover, these tumours
could also cause hydrocephalus. The treatment indica-
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Fig. 2C. Post contrast T1/SE in axial plane, hypothalamic GOOP enhances after Gadolinium application (white arrow) contrary to unenhancing

mesencephalic FASI (black arrow).

tion criteria assess not only clinical and imaging find-
ings, but also quicknes of symptoms/findings arising
and their progression.

The spontaneous regression of OPG had been
described in rare cases of NF1 patients [8]. This phe-
nomenon was described in case reports [14,26] and in
followed up on in NF1 cohorts too [5,8]. Shuper et al.
were the only ones noting a case of one NF1 patient
with OPG regressing significantly (about 50% of vol-
ume) during follow up, but later, after 6 years, regrowth
was found, and the patient had to be treated [27]. Lister-
nick et al. and other authors evaluate the development
of OPGs as unpredictable, while most OPGs remain
unchanged in the long term, a smaller part progressing
in size and/or clinical manifestations and a very small
part of OPG spontaneously regress [9]. A similar distri-

bution of clinical manifestations was seen in our cohort.
We described spontaneous regression in 4/285 (1.4%)
patients and none of these patients had glioma regrowth
during next follow up. In contrast to this, the same num-
ber of patients (4/285, 1.4%) died according to tumour
progression in our cohort.

4.2. Gliomas outside optic pathway

GOOPs are less commonly mentioned in literature,
although they are often clinically important. Ferner
et al. noted a group of gliomas outside the optic path-
way, mostly located in the brainstem and cerebellum,
with a frequency of 2-3% [12]. Noble et al. described
four patients with GOOP from the 121 patients evalu-
ated (3.3%), and Williams et al. reported gliomas located
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Fig. 3A. FLAIR in axial plane, 11 yr. Boy with NF1, FASI involve basal ganglia (black arrows).

in the brainstem, diencephalus and cerebellum with a
frequency of 3.5% [28,29]. Blanchard et al. conducted
systemic MRIs in 306 children with NF1 younger than
six years old and found four patients with OPG and
GOOP (4/306, 1.3%) in total [7]. We have found GOOP
in 10.2% our patients. Histological findings in available
cases were astrocytomas grade I or II, only one was
grade II-III. The differential diagnosis of GOOP is
sometimes complicated by FASI, which are the most
common MR findings in NF1 children. But even in these
cases histological examination is not indicated because
benign character of these lesions in contrast with risks
and complications contained with biopsy. These patients
must be carefully long term followed up by neurologist
and also MRI should be made repeatedly. Histologic
examination is made in cases where neurosurgery treat-
ment is necessary especially when hydrocephalus
appears or tumour or some parts of tumour should be
removed, cystic portions drained etc. A common FASI

aetiology (due to NF1) appears to be a neurofibromin
disorder but the mechanism has not been elucidated
yet [1]. Our ambiguous cases were evaluated by paedi-
atric radiologists and widely discussed at multidisci-
plinary seminars, and patients were followed up in the
long-term.

Brain gliomas were found in our cohort, in total
87/285 (30.5%) NF1 children. The cumulative number
of brain gliomas better expresses the overall risk of brain
tumour manifestations in NF1 than the OPGs frequency
alone.

4.3. Obstructive hydrocephalus

The incidence of obstructive hydrocephalus in NF1
is described as 1-5% [4,11,17,18] and tumours are the
most common cause. We had a slightly higher num-
ber of obstructive hydrocephalus in our cohort, at
7.7%.
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Fig. 3B. T2/TSE in axial plane, FASI involve periventicularly both cerebellar hemispheres (black arrows).

4.4. Idiopathic aqueduct stenosis

Idiopathic aqueduct stenosis of the distal part of the
aqueduct is considered very rare, but for NF1 character-
istics a possible cause of hydrocephalus in 1.2-2% of the
NF1 patients [3,11,12]. Idiopathic aqueduct stenosis
caused hydrocephalus in six out of 22, respectively six
out of 285 (2.1%), of our patients. Créange et al.
described four children in the evaluated group of
patients with idiopathic aqueduct stenosis, and one of
these patients was asymptomatic, without signs of
intracranial hypertension [11]. We had also one asymp-
tomatic patient with hydrocephalus in our cohort and
the others had only inconspicuous clinical signs without
significant signs of intracranial hypertension, despite a
large hydrocephalus found on the brain MRI.

All NF1 patients with hydrocephalus are recom-
mended for neurosurgery treatment — VPS implantation,
interventriculostomy, or nowadays endoscopic third
ventriculostomy (ETV) is preferred [11,17,30]. All of

our NF1 patients with idiopathic aqueduct stenosis
related hydrocephalus were treated years before ETV
was available in our hospital. Nowadays, ETV is pre-
ferred to resolve hydrocephalus in NF1 children in our
department.

The asymptomatic hydrocephalus in one girl with
idiopathic aqueduct stenosis was found by a routine
MRI examination. She developed apallic syndrome after
a VPS implantation and she got better after nearly one
year. The clinical course demonstrated a slow increase
of intracranial hypertension with an adaptation to high
intracranial pressure and subsequent risks in fast pres-
sure compensation. Pivalliza et al. published a case
report of a patient with unexpected hydrocephalus due
to idiopathic aqueduct stenosis, who suddenly died at
21 years of age due to dramatic hydrocephalus decom-
pensation just after a banal surgery performed under
total anaesthesia [31]. The risk of idiopathic aqueduct
stenosis is one of the other reasons for a carefull neuro-
logic follow up and one of indication of brain imaging.
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Table 4

Patients with idiopathic aqueduct stenosis and clinical signs of hydrocephalus.

Patient Gender Sign of hydrocephalus

Years of age at time of Therapy

Other clinical data

No. hydrocephalus finding

1 F Asymptomatic 16y 11 m VPS apallic syndrome after shunt implantation

2 F Headache 7y 6m Interventriculostomy severe speech development impairment,

mild mental retardation

3 M Increased seizure frequency, left side 8y 2m VPS seizures since 3 years, speech development
hemiparesis, bilateral abducens palsy impairment, mild mental retardation

4 M Headache, intermittent vomiting for 8y 9m interventriculostomy aortal stenosis - cardiology follow up since
long time 3 month of age

5 M Headache, vomiting 13y 6m interventriculostomy no other clinical problems

6 M Headache 15y 6m interventriculostomy mild mental retardation

F = female, M = male, VPS = ventriculoperitoneal shunt, y = years, m = months.

5. Conclusion

The prevalence of OPGs in our cohort was 27%. The
most important was the Dodge 2 + H subgroup, but
generally the clinical course of OPGs is unpredictable,
with the possibility of spontaneous regression but also
dramatic deterioration. GOOPs were found in 10.2%
of our patients, in median age 9 years 10 months old
(range from three years and three months to 18 years
old), and they proved to be a higher risk for NFI
patients, more often needing treatment and potentially
leading also to hydrocephalus. The total brain glioma
number (OPGs and only GOOPs together) better
reflected the overall brain tumour risk for NF1 children.
We would like to emphasise the 7.7% total occurrence of
obstructive hydrocephalus and 2.1% prevalence of
obstructive hydrocephalus due to idiopathic aqueduct
stenosis in NF1 children. The clinical signs of hydro-
cephalus according to idiopathic aqueduct stenosis were
inconspicious and the development of hydrocephalus
was unpredictable in comparison with hydrocephalus
due to tumour. The risk of developing hydrocephalus
according to idiopathic aqueduct stenosis is another
possibility to carefully follow up on in NF1 children.
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Von Recklinghausen neurofibromatosis (NF1) is an autosomal
dominant disorder with a prevalence about 1/3,000 (1/2,000—1/
5,000 in various population-based studies). About 30—50% of
cases are sporadic, resulting from a new mutation. NF1 is fully
penetrant by mid-childhood, stigmata, and medical problems
(neurological, dermatological, endocrine, ophthalmological,
oncological) are highly variable. Advanced paternal age (APA)
has been known to increase the risk of new germline mutations
that contribute to the presence of a variety of genetic diseases in
the human population. The trend in developed countries has
been toward higher parental age due to various reasons. In a
cross-sectional study, in two university hospital centers, data on
parental age of 103 children (41 female) born between 1976 and
2005 with sporadic NF1 were analyzed. Parental age at birth was
compared with the Czech general population matched to birth
year. The mean NF1 sporadic case paternal age at birth was 32.0
years (95% CI 30.7—33.3 years) compared with 28.8 years (95% CI
28.6—29.1 years) in the general population (P < 0.001). The mean
maternal age at birth was 27.4 years (95% CI 26.3—28.5 years)
compared with 25.8 years (95% CI 25.5—26.0 years) in the general
population (P < 0.05). The case-control difference in the father’s
age was higher than it was for the mother’s age. Sporadic NF1
cases accounted for 35.6% of our entire NF1 cohort. We con-
firmed an association of advanced parental and particularly
paternal age with the occurrence of sporadic NF1.
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INTRODUCTION

Von Recklinghausen neurofibromatosis or neurofibromatosis type
1 (NF1), is an autosomal dominant disorder with a prevalence of
about 1/3,000 (1/2,000-1/5,000 in various population-based
studies) [Rasmussen and Friedman, 2000].

NF1is highly variable [Friedman, 1999; Goldstein and Gutmann,
2004; Williams et al., 2009]. Typical manifestations are café-au
lait skin spots, freckling, peripheral nerve sheath tumors (benign:
Neurofibromas; malignant: Neurofibrosarcomas) and other malig-
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nancies (intracranial astrocytomas, gastrointestinal stromal
tumors, pheochromocytomas, and juvenile monocytic leukemia)
[Ferner et al., 2007; Theos and Korf, 2006]. Endocrine symptoms
(abnormal thyroid functioning, growth hormone deficiency, and
pubertal disorders) are relatively frequent. Neurological and oph-
thalmological problems may manifest depending on localization of
tumors [Ferner et al., 2007].

NF1 is caused by mutations within or deletion of the NFI gene at
17q11.2. The NF1 gene encodes the protein neurofibromin, which is
a negative regulator of the Ras oncogene [Rasmussen and Fried-
man, 2000].

About 30—50% cases are sporadic and assumed to result from a
new mutation [Table I]. There are families documented with more
than one sporadic case, each having a distinct NFI mutation [Klose
et al,, 1999; Upadhyaya et al.,, 2003]. Obviously, nonpaternity
should also be considered in such cases. In addition, parental
mosaicism for an NFI mutation involving the germline may occa-
sionally account for an “apparently” sporadic case [Detjen et al.,
2007; Kaplan et al., 2010]. About 80% of intragenic NFI mutations
are paternal in origin, and only about 20% of whole gene deletions
are paternal in origin [Lazaro et al., 1996; Upadhyaya et al., 1998].
This may be an important confounder given that about 4% of NF1
cases may be due to a whole gene deletion [Kluwe et al., 2004].

Advanced parental age increases the risk to develop genetic
diseases. Over the last two decades, the trend in developed countries
has been toward higher parental age due to various factors (family
finances, parental education, divorce rates, and reproductive
disorders).

An age of a father at the time of conception of >40 years and that
of mother >35 years is considered as advanced parental age,
[Friedman, 1981; de la Rochebrochard and Thonneau, 2003;
Toriello and Meck, 2008]. Advanced paternal age (APA) increases
the risk of new germline mutations. The male germ line is expected
to accumulate point mutations due to replication errors and

NF1
Author (year) patients (n)
Sergeyev [1975] 58°
Riccardi et al. [1984] 421
Samuelsson and Akesson [1989] 57
Huson et al. [1989] 135
Clementi et al. [1990] 110°
Takano et al. [1992] 26
Rodenhiser et al. [1993] 58
North [1993] 144
McGaughran et al. [1999] 459
Poyhonen et al. [2000] 197
Present study Snajderova et al. [2011] 275¢

“complete investigation.
Pcalculated from data presented in reference.
“direct method, X: Not evaluated.
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reduced activity of repair enzymes, strand mispairing of short
tandem repeats, and longer exposure to environmental mutagens
[Thomas, 1996; Crow, 2000]. In addition, in human sperm DNA is
more methylated than oocyte DNA, which may account for the
greater number of paternally derived point mutations occurring
within a CpG dinucleotide [Driscoll and Migeon, 1990; Glaser and
Jabs, 2004]. APA has been associated with increased fetal death
[Nybo Andersen et al., 2004], and with infertility [de la Roche-
brochard and Thonneau, 2003], as evident in achondroplasia
[Toriello and Meck, 2008], the Apert, Crouzon, and Pfeiffer
syndromes [Glaser and Jabs, 2004], bipolar disorders [Frans
et al,, 2008], schizophrenia [Byrne et al., 2003], and autism
[Reichenberg et al., 2006]. Risch et al. [1987] and lately Glaser
and Jabs [2004] distinguished mutations in disorders with a strong
APA effect from mutations weakly associated with APA, the latter
including NF1.

Because of more cell divisions over a prolonged period during
spermatogenesis compared to oogenesis the mutation rate for
single-locus mutations is higher in men than in women and
increases with paternal age [Crow, 1997]. Friedman [1981] calcu-
lated the risk for de novo autosomal dominant mutations to be
0.3-0.5% among the offspring of fathers aged >40 years.

Studies on effects of APA in sporadic NF1 have been either
inconclusive [Huson et al., 1989; Samuelsson and Akesson, 1989;
Takano et al., 1992; Bunin et al., 1997], or have confirmed an APA
effect for sporadic NF1 [Sergeyev, 1975; Riccardi et al., 1984;
Poyhonen et al., 2000]. We assessed the advanced parental age
effect and especially APA effect on the incidence of sporadic NF1 in
three decades in the Czech Republic.

In a cross-sectional study, we assessed parental age in 103 children
(41 females) with sporadic NF1 born between 1976 and 2005. Only

Age of patients

at the time of Sporadic NF1 Sporadic case

evaluation (years) cases (n) frequency
3-70 46° 46/58 (79.3%)
X 187 187/421 (44.4%)°
X 29 29/57 (50.9%)°
X 41° 41/135 (30.4%)°°
0.2—40 54° 54/110 (49.1%)°
4-36° 13 13/26 (50.0%)
X 24 24/58 (41.4%)
0-68 66 66/144 (45.8%)
0-74 132 132/459 (28.8%)
0.2—-60 77" ?77/197 (39.1%)°
<18 98¢ 98/275 (35.6%)°

“included data of 98 children from Department of Child Neurology, University Hospital Motol, Prague.
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patients with sporadic NF1 younger than 18 years at the time of first
examination, who fulfilled NIH criteria for NF1 [NIH Consensus
Development Conference, 1988], were enrolled. For all patients the
family history was negative. Parents and siblings were examined by
NFI specialists (neurologist, geneticist, endocrinologist, ophthal-
mologist, and/or dermatologist) and showed no signs of NF1.

All children were Caucasians and born in the Czech Republic.
Most were seen in the Clinic for Children with Neurocutaneous
Disorders in Prague which provides care to the majority of NF1
children since 1990. Data on maternal and paternal ages were
compared with the general age of parents in the Czech population
matched to year of birth of each NF1 child (Registry of the National
Institute of Healthcare Information and Statistics). Molecular
analysis was performed in 20 of the 103 patients [Bendova et al.,
2007].

Statistical Analysis

Data are expressed as mean &+ SD, P < 0.05 was considered to be
significant. Means and their 95% confidence intervals were used for
description of age and a one-sample t-test was used for testing the
null hypothesis. Hotelling’s #-test was used for simultaneous testing
of equality between groups. A % goodness of fit test was used for
comparison of empirical distribution of the appearance of NF1 in
time course to the theoretical uniform distribution.

RESULTS

The proportion of sporadic cases among the NF1 group was 35.6%
(98/275). Whereas the paternal age in the Czech population
increased significantly since 1990 (P < 0.001), such a trend was
not observed in fathers (Fig. 1) and mothers (Fig. 2) of NF1 sporadic
cases. The mean paternal age at birth of NF1 sporadic cases was 32.0
years (range 19.2—48.3 vyears; 95% confidence interval (CI)
30.7-33.3 years), while in the general population (matched to
birth years) the mean paternal age was 28.8 years (95% CI
28.6—29.1 years) (P<0.001). Fourteen out of 103 fathers
(13.6%) were >40 years old (Fig. 3).

Paternal age of Czech NF1 patients
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FIG. 1. Paternal age of Czech patients with sporadic
neurofibromatosis type 1 compared to the general population.
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FIG. 2. Maternal age of Czech patients with sporadic
neurofibromatosis type 1 compared to the general population.

Mean maternal age at time of birth was 27.4 years (range
17.3-43.1; 95% CI 26.3—28.5 years). In the general population
(matched to birth years) the mean maternal age was 25.8 years (95%
CI 25.5-26.0 years). Eight out of 103 mothers (7.8%) were
>35 years old (Fig. 3). In four out of 103 sets of parents (3.9%),
the maternal age at birth was >35 years while the paternal age
was >40 years.

Simultaneous testing of parents’ ages (maternal and paternal) for
NF1 and the general population using Hotelling’s #-test rejects the
null hypotheses of equivalence on the significance level (P < 0.001).

DISCUSSION

The frequency of sporadic NF1 cases in our group was 35.6%. In
literature the frequency varies from 30% to 50% (Table I). Familial

7 66

OMaternal age
B FPaternal age

<30 30-34.9 35.30.9 »d40
Parental age [years]

FIG. 3. Age distribution of parents among 103 children with sporadic
neurofibromatosis type 1
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Sporadic  Structure

NF1 of NF1
Author (year) cases group Controls

(n) (method)
Sergeyev [1975] 46 CH+A pop
Riccardi et al. [1984] 187 X pop
Samuelsson and 29° CH+A pop

Akesson [1989]

Huson et al. [1989] 21° X pop
Jadayel et al. [1990] 14 CH+A pop
Takano et al. [1992] 13 CH+A pop
Bunin et al. [1997] 89 CH case-control
Poyhonen et al. [2000] 77° CH+A pop
Present study 103 CH pop

Snajderova et al. [2011]

pop: General population data, ns: Not significant, X: Not evaluated, CH: Children, A: Adults

“calculated from data presented in reference.
bonlg in 21 of 41 new NF1 mutations data were available and used in analysis.

cases may be more common than expected because mildly affected
family members might have been overlooked without a systematic
and experienced clinical examination [Poyhonen et al., 2000].

We analyzed the influence of parental age on incidence of the
NF1 in the period 1976—2005. During the last two decades an
increasing parental age in the Czech population was observed.
Whereas the paternal and maternal age in the general Czech
population has been significantly increasing since 1990, an overall
similar trend was not apparent in fathers (Fig. 1) and mothers
(Fig. 2) of sporadic NF1 children. The number of sporadic NF1
cases born during 1976—1985 compared to the number of those
born in 1986—2005 is consistent with an increased incidence. It is
also possible that in the earlier period mildly affected patients may
have been missed.

The mean age of mothers of sporadic NF1 patients was higher
than in the general population (difference 1.7 years; P < 0.05), as
reported previously [Riccardi et al., 1984; Poyhonen et al., 2000].
The paternal age case-control difference was 3.2 years (P < 0.001).
The majority of other authors present age difference of 1.5—4.5 years
(Table II). Still, only 13.6% of fathers and 7.8% of mothers in our
cohort fulfilled criteria of advanced parental age.

Risch et al. [1987] and Glaser and Jabs [2004] distinguished
disorders with a strong and weak APA effect: In disorders with a
strong APA effect, the fathers of affected children were 57 years
older compared to the general population, in the disorders with a
weak association the fathers were 2—5 years older. In the present
study the paternal age difference was 3.2 years. Our results confirm
the advanced parental age effect in sporadic NF1, particularly of
paternal age.

This study was supported by a Research Project of the Ministry
of Health of the Czech Republic MZOFNM2005, 6503 and the
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Mean Paternal Mean Maternal

paternal age maternal age
age difference Statistics age difference Statistics

(years) (years) (P value) (years) (years) (P value)
29.8 2.0 0.03 29.9 1.5 0.08
32.8 3.2 <0.001 274 1.4 <0.001
37.1 3.5 ns 31.7 0.2° ns
29.6 —0.3 0.8 270.7 0.1 0.95
29.8 —0.2 ns X X X
35.4 4.5° 0.08 30.9 4.0 0.40
299 1.5 0.07 26.6 0.9 0.20
33.0 3.0 0.008 30.0 2.5 0.006
32.0 3.2 <0.001 27.4 1.7 <0.05
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KAZUISTIKA

Idiopaticka sten6za akveduktu a porucha
vyvoje reci u déti s neurofibromatosis von
Recklinghausen typ 1 - dvé kazuistiky

Idiopathic Aqueductal Stenosis and Developmental Speech
Disorder in Children with Neurofibromatosis von Recklinghausen

type 1 — Two Case Reports

Souhrn

Neurofibromatosis von Recklinghausen typ 1 (NF1) je autozomalné dominantné dédi¢né
onemocnéni z okruhu neurokutdnnich syndromd, s incidenci 1 : 2 500-3 000 a vysokym
vyskytem novych mutaci. Jedna se o onemocnéni s multisystémovym postizenim organizmu
s Castym vyskytem nddorl. Hydrocefalus se u téchto pacientl vyskytuje bud sekundérné
pfi expanzivnim procesu mozku, nebo pfi idiopatické stendze akveduktu. U déti jsou velmi
Casto pfitomny vyvojové poruchy uceni, chovani a poruchy vyvoje feci. Pfedklddame kazuis-
tiku dvou déti s NF1 se soucasnym vyskytem tézké poruchy vyvoje feci a hydrocefalu pfi
idiopatické stendze akveduktu. U jednoho z déti doslo k rozvoji stendzy béhem sledovani.
Soucasny vyskyt tézké poruchy feci a hydrocefalu pfi idiopatické stendze akveduktu nebyl
zatim popsan.

Abstract

Neurofibromatosis von Recklinghausen type 1 (NF1) is an autosomal dominant neurocuta-
neous disorder, with incidence of 1 : 2,500-3,000 and a high rate of new mutations. This
multisystem disorder is frequently associated with tumours. Hydrocephalus in NF1 patients
is either secondary to brain expansion or as a result of idiopathic aqueductal stenosis. Learn-
ing disability, behavioural problems and speech development disorders are common in NF1
children. We are presenting two case reports of NF1 children with developmental speech
disorder and hydrocephalus consequent to idiopathic aqueductal stenosis. One child devel-
oped stenosis during follow up. Coincidence of hydrocephalus due to idiopathic aqueductal
stenosis and severe developmental speech disorder has not been described yet.
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IDIOPATICKA STENOZA AKVEDUKTU A PORUCHA VYVOJE RECI U DETI S NEUROFIBROMATOSIS VON RECKLINGHAUSEN TYP 1

Uvod

Neurofibromatosis von Recklinghausen

typ 1 (NF1) je autozomadlné domi-

nantné dédi¢né neurokutanni onemoc-

néni, s incidenci 1 : 2 500-3 000 a vy-

sokym vyskytem novych mutaci — 30 az

50 % [1-4]. Diagn6za NF1 je defino-

vana na zakladé sedmi diagnostickych

kritérif:

1. Sest a vice skvrn café au lait na kGzi,

2. freckling v inguindlni nebo axilarni

oblasti,

3. dva neurofibromy a/nebo jeden plexi-
formni neurofibrom,

. Lischovy noduly,

. gliom optiku,

. kostni zmény,

. pfibuzny prvniho stupné.

<N o U A

Ke stanoveni diagndzy je potfeba na-

|6zt alesponl dvé z téchto diagnostic-
kych kritérii [5]. Gen NF1 se nachdazi na
dlouhém raménku chromozomu 17 v ob-
lasti 11.2 (17911.2), patfi mezi tumor-su-
presorové geny a jeho genovy produkt
neurofibromin se podili na regulaci Ras-
MAPK signalni drahy [4].
NF1 je onemocnéni s multisystémovym
postizenim organizmu a ¢astym vyskytem
nadord zejména centrélniho i periferniho
nervového systému.

Nejcastéjsimi patologickymi nélezy na
MR mozku jsou gliomy optikd, gliomy lo-
kalizované mimo zrakovou dréhu a hyper-
signalni loziska v T2 vazenych obrazech
na MR mozku (FASI, Foci of Altered Signal
Intensity, nazyvané také UBOs — Uniden-
tified Bright Objects ¢i hamartomy). Dle
soucasnych znalosti jsou FASI lozZiska zpU-
sobend aberatni myelinizaci, nemaji na-
dorovy charakter a nejsou pricinou lozis-
kové symptomatiky [4,6,7].

Hydrocefalus se u NF1 pacientl ob-
jevuje bud sekundarné pfi expanzivnim
procesu mozku (nador, arachnoidalni
cysta atd.), nebo pfi idiopatické stendze
distalni ¢asti akveduktu [1,2,7,8].

Kognitivni deficity patfi mezi nejcas-
téjsi komplikace NF1. Vyvojové poru-
chy uceni a/nebo chovani se vyskytuji
u 50-60% déti s NF1 [9]. Neverbalni
a verbalni poruchy vyvoje feci jsou popi-
sovany u 30-60 % déti s NF1, rozsifeny
jsou poruchy jemné i hrubé motoriky [4].

Pacient 1
Chlapec je z neuplné rodiny (otec ne-
znamy), matka bez zndmek NF1. Dité

Obr. 1a, b) T2 turbo spin echo sekvence v sagitalni roviné — bez hydrocefalu,
patrna loZiska FASI v bazalnich gangliich a mozeckové hemisfére (a), supraten-
toridlni hydrocefalus, se zidzenim terminalni ¢asti dilatovaného mokovodu (b).

z 1. fyziologické gravidity, porod ve
42. tydnu, indukovany, porodni hmot-
nost, délka a poporodni adaptace byly
v normé, pro ikterus mél kratce fotote-
rapii. Skvrny café au lait byly patrné asi
od jednoho roku véku, psychomotoricky
vyvoj byl od pocatku nerovhomérny a od
batoleciho véku byly pozorovany poruchy
spanku. Ve tfech letech se objevil prvni
epilepticky zachvat s adverzi hlavy a oci
doprava, hypersalivaci, poruchou védomi
a naslednym zvracenim. V misté bydlisté
byl nasazen fenytoin a ten byl pro neu-
plnou kompenzaci zachvatl vyménén za
karbamazepin.

Ve véku péti let byl pro mentaini retar-
daci a epilepsii doporucen k prvni hos-
pitalizaci na KDN FN Motol. V objektiv-
nim neurologickém nalezu byl vyrazny
psychomotoricky neklid, mentalnf retar-
dace, porucha vyvoje feci (rozumi, od-
povida jednotlivymi slovy, s latenci), kon-
vergentni strabizmus vlevo, hyperreflexie
na pravostrannych koncetinach a sko-
lidza. Na kuzi byly nalezeny skvrny café
au lait (v diagnostickém poctu a velikosti
pro NF1), nevyrazny inguindini freckling
a dva neurofibromy. Jiz dle kozniho na-
lezu byla stanovena diagndza NF1. Vy-
Setfeni o¢niho pozadi bylo bez méstnani,
predni segment s ndlezem Lischovych no-
duld. Na MR mozku byl popsany gliom
prechiazmatické ¢asti levého optiku, sus-
pektni gliom pravého optiku a vicecetné
FASI v typickych lokalizacich. Komorovy
systém byl pfi tomto prvnim MR mozku

stihly (obr. 1a). MR michy bylo v normé,
bez nalezu paravertebrélnich neurofi-
brom ¢i duréinich ektézii. Vysetfeni evo-
kovanych potencialtl bylo s normalnim
néalezem latenci pfi vySetfeni VEP i BAEP,
ale amplituda odpovédi VEP byla velmi vy-
sokd (az 50 uV). EEG bylo v Sirsich me-
zich normy — jen s lehce abnormalni za-
kladni aktivitou a epizodami rytmickych
pomalych vin s pravostrannou prevahou.
Dle ORL sluch v normé, psycholog hod-
notil PMV jako nerovnomérny, opozdény
do pdsma stfedné tézké mentaini retar-
dace, s nejrozvinutéjsi slozkou hrubé mo-
toriky, fec jako vyvojovou dysfazii s po-
dilem mentaini retardace a neadekvatni
stimulace.

V sedmi letech véku se zménil charakter
epileptickych zachvat — v Gvodu bolest
hlavy, zvraceni, porucha kontaktu, hypo-
tonie, bez kieci, poté spavost, v neurolo-
gickém nalezu byla nové popséna (pfi po-
rovnani s prvni hospitalizaci) bilateralni
lehkd paréza n. VI vice vlevo a pyramidova
iritace na levostrannych koncetinach. Pre-
trvdvala porucha vyvoje feci, mentalni re-
tardace a skoliéza. Chlapec byl bez dal-
sich priznakd nitrolebni hypertenze. Na
kontrolnim MR mozku byl nalez dekom-
penzovaného supratentoridlniho hydro-
cefalu na podkladé stendzy distalni ¢asti
akveduktu, bez loZiskovych zmén v okoli
stendzy (obr. 1b). Loziska FASI byla v ty-
pické lokalizaci a také gliomy obou optikt
byly stacionarni. PFi akutni neurochirur-
gické operaci byl zaveden VP zkrat, vyvoj
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Obr. 2. T2 turbo spin echo sekvence

v transverzalni roviné — lozZiska FASI

v mezencefalu a parahipokampalné,
chybi vypadek signdlu z proudéni

v lumen mokovodu.

feci mirné postupoval, stran epilepsie byl
kompenzovany, bez nutnosti Gpravy me-
dikace. Nasledné s odstupem deviti mé-
sfct doslo k akutnimu zhor3eni neurolo-
gického nélezu vcetné zhorseni poruchy
fe¢i. Na MR mozku byla dekompenzace
supratentoridlniho hydrocefalu, ostatni
nélezy byly staciondrni.

Od neurochirurgické revize VP zkratu
jsou opakované kontrolni MR mozku se
stacionarnim nalezem (obr. 2), loZiskovy
neurologicky ndlez je dlouhodobé beze
zmény, epileptické zachvaty se objevuji
sporadicky. Stéle vsak dochdzi k poma-
lému zhorsovani z hlediska mentélniho —
pfi kontrolnim psychologickém vysetfeni
ve véku 12 let byl patrny regres, rozu-

R| —R¥inht -
Obr. 3a, b) T2 turbo spin echo sekvence v sagitdlni roviné — supratentorialni
hydrocefalus se sten6zou mokovodu (a) regrese hydrocefalu po zavedeni
zkratu z postranni komory pres Ill. komoru a mokovod do IV. komory (b).

mové schopnosti hodnoceny v pasmu
stfedné tézké mentalni retardace s nejvy-
raznéjsim postizenim mnestickych funkdi,
vyvojovd dysfazie a dysartrie s dalSim
zhorSenim kvality Feci. Chlapec je i nadale
v nasem sledovani.

Byla provedena pfimd DNA ana-
lyza genu NF1 s nalezem kauzalni mu-
tace v exonu 4c. Mutace typu missense
c.647 T > C zpUsobuje zdménu amino-
kyselinovych zbytkd v Fetézci genomové
DNA, p.Leu216Pro, a je pravdépodobnou
pficinnou vzniku nefunkéniho genového
produktu. Mutace byla prvné popsana Fa-
sholdem et al [10], nikoliv vsak v souvis-
losti s podobnym fenotypem pacienta.

Pacient 2

Divka z 1. fyziologické gravidity, porod
v terminu, bez komplikaci, porodnf vaha,
délka i poporodni adaptace byly v normé.
Rodinnd anamnéza je nevyznamna, bez
pfiznak NF1. Skvrny café au lait byly pa-
trné od narozeni, psychomotoricky vyvoj
byl aZ do tff let véku v normé, vcetné vy-
voje feci. Od cCtyr let zhorSovani kvality
feci, nejprve balbuties, postupné az roz-
voj fatické poruchy se slozkami expresivni
afazie. Divka méla opakované vysetfeni
sluchu s normalnim nalezem.

Prvni hospitalizace na KDN FN Motol
probéhla v osmi letech véku pro poruchu
vyvoje feci a bolesti hlavy. V neurologic-
kém nalezu byla makrocefalie, centralni
paréza n. VIl vpravo, lehka pravostranna
zanikova hemiparéza, vyraznd neobrat-
nost a porucha reci. Na kdzi byly nalezeny
skvrny café au lait (v diagnostickém poctu
a velikosti pro NF1), dale pocinajici axi-
larni freckling a plexiformni neurofibrom

na pravém predlokti. Jiz dle kozniho na-
lezu byla stanovena diagndza NF1. O¢ni
pozadi bylo uz pfi pfijeti s ndlezem mést-
nani vpravo a incipientnim meéstnanim
vlevo. Na prvnim MR mozku byl nalez
supratentoridlniho hydrocefalu s nazna-
¢enym transependymalnim pronikdnim
likvoru, s napadnym zuzenim terminaln{
¢asti dilatovaného mokovodu, bez lozis-
kovych zmén v okoli stendzy (obr. 3a). Na
MR byly také popsany FASI supra- i infra-
tentoridlné a rozsifeni oball optickych
nervll oboustranné, bez znamek gliomd
optiku ¢ chiazmatu. Stav byl feSen zave-
denim interventrikulostomie. Dale byla
divka ve stabilizovaném stavu, pfechodné
doslo i ke zlep3eni freci.

V 10 letech véku nastalo opét zhor-
Seni kvality feci a zvyraznéni Unavnosti.
Dale se zacaly objevovat stavy s bolesti
hlavy, nauzeou a zvracenim, casto s ve-
getativnim doprovodem v obliceji (za-
rudnuti, poceni), které ustupovaly po vy-
spani. V aktudlnim neurologickém nélezu
byla makrocefalie, blokdda C patefe, po-
rucha statiky a dynamiky Th-L patefe, sko-
lioza, pyramidova iritace na dolnich kon-
Cetinach vice vpravo a porucha feci. O¢ni
pozadi bylo bez méstnéni, kontrolni MR
mozku bez zndmek dekompenzace hyd-
rocefalu, bez nédlezu expanzivniho pro-
cesu (obr. 3b). EEG bylo lehce abnormalni
pro znamky ospalosti a pfimés pomalych
vin bitemporélné s prevahou vlevo, s ne-
gativni fotostimulaci. Psycholog hodnotil
divku v pasmu lehké mentalni retardace.
ObtiZe jsme uzavreli jako migrendzni bo-
lesti hlavy s podilem vertebrogennim.

Béhem dalsiho sledovani (do 19 let
véku) nedoslo k dekompenzaci hydroce-
falu ani ke vzniku nadoru mozku. | pres
intenzivni logopedickou péci se kvalita
feci nezlepsila. Béhem dispenzarizace byla
zjisténa hrani¢ni hypertenze, byl vyloucen
feochomocytom i cévni zmény rendlnich
arterii, medikace prozatim nebyla nasa-
zena. Elektrofyziologicka vysetfeni (evo-
kované potencialy — VEP, BAEP) byly opa-
kované v normé.

Mutacni analyza genu NF1 odha-
lila v exonu 29 pravdépodobné kauzalni
mutaci typu delece, ¢.5220delT. Mu-
tace vede k posunu ¢teciho rdmce s na-
slednym vznikem terminacniho kodonu,
c.Ser1741Valfs3X. Predcasné ukon-
Cenf translace proteinu vede k vytvo-
feni zkrdceného genového produktu,
jehoz funkce je tim omezena. Mutace
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byla prvné popsana v souvislosti s nasim
pacientem [11].

Diskuze

Prvni zminky o hydrocefalu na pod-
kladé stendzy akveduktu jsou jiz z roku
1927 a 1940 [7,8]. Frekvence vyskytu
idiopatické stendzy akveduktu u pacientt
s NF1 je 1,2-2 % a ve vétsiné pfipadl
je zjisténa béhem prvni, pfipadné druhé
dekady zivota [1,2,7,9,12]. U nasich pa-
cientd byla stendza distalni ¢asti akve-
duktu s rozvojem hydrocefalu nalezena
v prvni dekadé Zivota. U pacienta 1 doslo
k rozvoji stendzy akveduktu a ndsled-
ného hydrocefalu v prlibéhu naseho sle-
dovani. Podobné pozorovani jsme v litera-
tufe nenalezli.

Hydrocefalus se u pacientt s NF1 vy-
skytuje v 1-4 % [1,7]. Créange et al [1]
popisuji hydrocefalus u 7/158 (4 %)
NF1 pacientl (138 dospélych, 20 déti),
pricemz u déti byl vyskyt hydrocefalu ¢as-
t&j3i (6/20) nez v dospélosti (1/138). Hyd-
rocefalus pfi stendze akveduktu popisuji
Créange et al [1] u Ctyr déti ze sledované
skupiny, z toho u jednoho pacienta byl
hydrocefalus asymptomaticky — bez pfi-
znakd nitrolebni hypertenze. U obou
prezentovanych pacientt byl syndrom
nitrolebni hypertenze nelplné vyjadren
a rozvoj hydrocefalu dlouhodobé unikal
pozornosti. Pfedpoklddame, Ze se na tom
podilela pomald progrese stendzy dis-
talni ¢asti akveduktu, s pozvolnym ndruls-
tem nitrolebniho tlaku. Zadny z autord
neuvadi jako komplikaci rozvoje hydro-
cefalu u pacientd s NF1 poruchu vyvoje
fe¢i nebo jeji regres. Obecné Ize regres
kvality feci pfi dekompenzovaném hyd-
rocefalu v nékterych pripadech oceka-
vat. U prvniho z nasich pacientt byla po-
rucha vyvoje feci patrna od pocatku, tedy
prokazatelné pred rozvojem hydrocefalu.
U druhé pacientky doslo ke zhorseni reci
ve Ctyfech letech — predpokladédme, ze

také pred rozvojem hydrocefalu, i kdyz
z tohoto obdobi nemdme k dispozici zob-
razeni CNS, ale usuzujeme tak vzhledem
k dlouhému, ctyfletému obdobi bez dal-
sich obtizi, které predchazelo manifes-
taci dekompenzovaného hydrocefalu. Po
Uspésném opera¢nim feseni hydrocefalu
u prvniho pacienta nedoslo ke zlepsenf
feci, u druhé pacientky jen k prechod-
nému mirnému zlep3eni a béhem dalsiho
sledovani kvalita feci kolisala. A proto
zvazujeme moznou souvislost poru-
chy feci s rozvojem stendzy distalni ¢asti
mokovodu. Pfes zna¢nou podobnost kli-
nického obrazu jsou nalezené mutace
NF1 genu odlisné.

Leisti [7] uvadi hypotézu o pfimé expresi
NF1 genu v oblasti distalni ¢asti akve-
duktu. Vétsina autort [1-4,9,12] se k pfi-
¢iné stendzy nevyjadiuje a vySe uvedenou
hypotézu neuvadi. Pficinu rozvoje stendzy
distalni ¢asti akveduktu u NF1 tedy pova-
Zujeme za dosud neobjasnénou.

Nami nalezené kauzalni mutace jsou
rozdilné povahy i lokalizace, nenacha-
zeji se v zadné z doposud funkcéné ob-
jasnénych domén neurofibrominu. Jejich
presné plsobeni na rozvoj onemocnéni
neni znamo.

Zaver

Hydrocefalus predstavuje zévaznou az
Zivot ohrozujici komplikaci diagnézy
NF1 a s vyskytem této komplikace je nutné
pocitat. Soucasny vyskyt a/nebo vztah po-
ruchy vyvoje reci a hydrocefalu pfi idiopa-
tické stendze akveduktu nebyl v literature
dosud popséan. Na predkladanych kazuis-
tikdch dokladame, Ze tézka porucha vy-
voje fe¢i mUze byt jednim ze signald po-
malu se rozvijejici stendzy distalni ¢asti
akveduktu, kterd postupné vede k hydro-
cefalu. Tézka porucha vyvoje feci by méla
byt jednou z indikaci k provedeni zobra-
zeni mozku u pacienta s NF1, nejlépe MR
mozku véetné MR PC (Phase Contrast)

v cine modu, coZ je vySetfeni umoziujici
zobrazit pratok moku akveduktem.

Pouzité zkratky

NF1 NeuroFibromatosis von Reckling-
hausen typ 1
FASI Foci of Altered Signal Intensity

KDN FN Motol Klinika détské neurologie 2. LF UK
a FN v Motole, Praha
n nerv
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