Profile of Neurocutaneous Syndromes
in Infancy and Childhood

Thesis
Submitted for Parntial Fulfillment of Master Degree cu
p //‘. 5 '

Presented by
Abeer Embaby Dosokey Embaby

M.B., B.CH.

Supervised by:
Prof. Dr. Lobna Abdel-Gawad Mansour

Professor of Pediatrics
Neuropediatric Unit
Cairo-University

Dr. Aliaa Adel Ali

Assistant Proffessor of Pediatrics
Cairo-University

Dr. Rania Hamdy Hashem

Lecture of Radiodiagnosis
Cairo-University

Cairo - University
2016



P




Acknowledgment

First thanks to ALLAH  to whom I relate any success in
achieving any work in my life.
I wish to express my deepest thanks, gratitude and appreciation to
Prof. Dr. Lobna Abdel-Gawad Mansour, ®Professor of Pediatrics

Cairo University for her meticulous supervision, Kind guidance, valuable

instructions and generous help.

Special thanks are due to Dr. Aliaa Adel Ali, Assistant
Proffessor of Pediatrics Cairo University for her sincere efforts, fruitful

encouragement.

I am deeply thankful to Dr. Rania Hamdy Hashem, Assistant
Proffessor of Radiodiagnosis Cairo University for her great help,

outstanding support, active participation and guidance.

Abeer Embaby




List of Contents

Title Page No.
| DTS o) A P 1 o] L= SRR 1
LSt Of FLGUI@S .. it 111
List of AbDTeviations ....cceeeeeeeeeieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e vi
FaN 017 2 (o1 PP viil
INtErOAUCEION .. 1
ATM OF WOTK ..o e e e e e e eee e e 4
Review of Literature
» Epidemiology and Prevalence of N.C Disorders...........cccceeeeeeeeeeennnnns 5
*  Neurocutaneous SYNArOmeS.........cceeeeeeeeiiiiiiriiiiiieeeeeeeeeeeriieeeeeeeeeeerenns 8
Patient and method ... 78
RESULTS ..ottt e et e e e e e e e e s etaabaeaeeaeeeeeanes 85
DISCUSSION 1. e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaeeaaaaaaaaaaeeas 125
Cases of Presentation ...............uuuuueuuuiiiiiiiiiiiiiiieiieieieeeeeeeaeeeeeeeeeeeeeeee——.- 144
SUININIATY ©evuniieiiiieeeeeiieeeeeetee e e et eeeee e eeeeeeseaaeeeeseateeeesaatneeesserteeessesaneeaeees 183
{070} 0 161 LR =3 o) s DU PPURRRP PP 186
Recommendations......oooeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 188
REfEIEINICES ... ueiiiiieeiee e e e e e e e e e e e 189

Arabic Summary



Léot of Tables

Table No. Title Page No.
Table (1): The diagnostic criteria for neurofibromatosis type-1
developed by the national institutes of health ....................... 10
Table (2): Updated diagnostic criteria for tuberous sclerosis
ComMPIEX 20T 2. ..o 33
Table (3): Principal drugs wused for the pharmacological
management of seizures in children with tuberous
SCLETOSIS ..eiiiiiieiiiicie e e e e 38
Table (4): Classification of the 41 patients with neurocutaneous
disorders included in the study. .......ccccoovviiieiiiiiiiieeiiiiiens 85
Table (5): Classification of the 30 patients of (group A) included
in the study according to patients’ charateristics................ 87
Table (6): Neurological manifestations of the 30 patients with
neurocutaneous syndromes of (group A) included in the
SEUAY . e 90
Table (7): Relevant history in 30 patients of (group A) in the
SEUA Y it ea e eaes 94
Table (8): Neurological examination of the 30 patients with
neurocutaneous syndromes of (group A) in the study......... 95
Table (9): Cutaneous manifestations in 18 patients with (NF1) in
the StUAY: covveiiee e 96
Table (10):  Cutaneous manifestations in 12 patients with (TSC) in
the StUAY...ccoviiiiiiiiiiiiiiiiee e 97
Table (11):  Ocular manifestations in the 30 patients included in
the StUAY . covueiiieiee e 98
Table (12):  Systemic involvement in 30 patients of (group A) in
the StUAY . ovueiiie e 100
Table (13): Investigations for systemic involvement amongl8
patients with NF-1 in the study (group A). ....cccceeevvennee..e. 102
Table (14): Investigations for systemic involvement among 12
patients with TSC in the study (group A)......c..ccooeevveenene.. 102
Table (15): IQ assessment among 30 patients of (group A) in the
SEUAY: e 104
Table (16): C.T & MRI findings for 18 patients with (NF-1) in the
SEUAY et 105
Table (17): CT & MRI in diagnosis of 12 patients with (TSC):............ 107
Table (18): EEG results for 14 patients who had seizures in
(GLOUP A oo 110
Table (19):  Complications among 18 patients with NF-1 in the

SEUAY et 111



Lot 0{ Talbles cont...

Table No. Title Page No.
Table (20):  Specific criteria detected in this study for diagnosis of
Neurofibromatosis type-1(INF-1) (18 cases). ..........ccocv...... 112
Table (21): Major & minor criteria for diagnosis of 12 patients
with TSC in the study....cccooeeiiiiiiiiiiiiiieee e, 113
Table (22): Types of neurocutaneous disorders among group B
patients (11Ppatients): .......cceevvieeieeeiieeie e e 115
Table (23):  Specific criteria for diagnosis of Sturge weber
syndrome (SWS) detected in two patients in the study: ...116
Table (24):  Specific criteria for diagnosis of Hypomelanosis of Ito
(HD in two cases in this StUdY......ccceeeveeeeeeeeeeeeeeeeeeeeeenn. 118
Table (25): Clinical manifestations for 2 cases with Aaxia
Telangiectasia (A-T) in the study (group B). .....c..cceeue.... 119
Table (26):  Clinical manifestations for two patients with
Incontinentia Pigmenti (IP) in the study (group B) .......... 120
Table (27):  Specific criteria for diagnosis of Klippel Trenaunay
Syndrome (KTS) detected in a single case (group B)......... 121
Table (28):  Specific criteria for diagnosis of Xeroderma
Pigmentosum (XP) in a single case in the study. .............. 122
Table (29): Specific criteria for diagnosis of Parry Romberg
Syndrome (PRS) in a single case in the study (group B)....123
Table (30): Final diagnosis of 41 cases with neurocutaneous

disorders in the study .......cccoeeeeeeeeeeiiiiiieeieeeeeeeeeeeeeeeee, 124



Lést of Figunes

Fig. No. Title Page No.
Figure (1): Café-au-lait macule & axillary freckling in a child............ 12
Figure (2): Various morphologies of cutaneous neurofibromas.............. 13
Figure (3): Plexiform neurofibroma on the abdomen of a child.............. 14
Figure (4): Orbital MRI T1-weighted image with gadolinium
showing contrast enhancement around eye and
lateral orbital wall: a plexiform neurofibroma................... 14
Figure (5): Iris 1iSCh NOAULES. .....iivieeieeeeeieeeeeeeeee e 15
Figure (6): Echocardiogram indicating cardiac rhabdomyomas
(BYTOWS) vt ettt ettt et eaeeenee e 35
Figure (7): Subependymal Nodule (White Arrow) patients have
SEGA located in areas less accessible for surgery,
and without gross total resection, residual SEGA
tissue is likely to regrow. Other risks for surgical
treatment include brain hemorrhage and permanent
brain damage........coeeievviiieeiiiiiiiee e 40
Figure (8): Subependymal Giant Cell Astrocytoma (White
Arrow) With Ventricular Enlargement (Black
ATTOWS) ottt eaeeere e 41
Figure (9): Three hypopigmented macules the lower back/upper
DULLOCKS i 43
Figure (10):  Facial angiofibroma..........ccccceevevvierieieieeeeeceeeeeeeeeeeeee e 44
Figure (11):  Ungual fibromas ........cccceeeeveeeiiiieeeieceeeeeereeeeeee e 45
Figure (12):  Shagreen patch on dorsolumbar area of back....................... 45
Figure (13):  Dental pits indicated by arrows..........ccceeveevrevevveeeerneenenne. 46
Figure (14): Intraoral fibromas (gingival and labial indicated by
AYTOWS)  veeveeeeeieeeeseeeseeeseseteesseseeeesseeseesseesssessseesseeneeenesaneeas 47
Figure (15): Retinal hamartoma indicated by arrow ...........cccecvevenne.ne. 48
Figure (16): Axial abdominal computed tomography, illustrating
multiple bilateral renal angiomyolipomata........................ 50
Figure (17):  Axial high-resolution chest computed tomography,
demonstrating lymphangioliomyomatosis ............cccccuuuenee. 52
Figure (18):  Sturge-Weber syndrome .............ccccvevvevveeeeereeeeieeeeeeeeenenes 58
Figure (19): Stage 1: vesicopustules, following the lines of
BlaschKO ...coooiiiiiiiceee e 60
Figure (20):  Stage 2: Linear verrucous plaque, following the lines
of BlaschKoO .cccooeeeeeeieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee, 61
Figure (21):  Stage 3: Hyperchromic and atrophic spots, following
the lines of Blaschko........ccooovviiieiiieiiiiieeeeeeeeeeeeeeeeeeeeeeeee, 61



Fig. No.

Leot 0{ ?6761/‘264 Cont...

Title Page No.

Figure (22):

Figure (23):

Figure (24):

Figure (25):

Figure (26):

Figure (27):

Figure (28):
Figure (29):
Figure (30):
Figure (31):
Figure (32):
Figure (33):
Figure (34):
Figure (35):

Figure (36):

Figure (37):

Figure (38):

Stage 4: Atrophic and hypochromic lesions, following
the lines of BlaschKo.........cccovviiiiiiiiiiiciee e, 62
Deciduous dentition with increased overbite, cone-
shaped maxillary right central incisor, malformed
lower anterior teeth and dental agenesis ............cccceeeeenneen.. 66
Mixed dentition with atresic maxilla, posterior
crossbite on the right side, presence of irregularities
on incisal margins of upper and inferior incisors and

dental AgenesiS ........veeiiiiiiiieiieicee e 67
Sex distribution among 31 cases of (group A) &11
cases of (group B) in the study.......cccocevevvvviiiiiiiiieeeeee, 86
Gender distribution in both (NF-1) and (TSC) of
(GLOUP A). oot 87
The mean age at diagnosis in patients with (NF-1) and
(TSC) Of (GLOUPA). ....eeeeeeeeieeeeeeeeeeee et 88
The aim of visit in patients with (NF-1) and (TSC)
(GLOUP A). oot 88
The percentage of seizures among 30 patients of
(group A) in the study. ....coooeveviiiiiiiiiiceeceeceecee e 89
The percentage of different types of seizures among
14 cases (roup A)...c..ocueeeeeeeeeeeeeeeeeeeeeee e 91
The classification of delayed development among 30
patients (group A) in the study. .......cccceeevvvvveieiieiieeieeeeen 93
Percentage of ptosis among 30 patients in the study
(GLOUP A, oot 99
Percentage of proptosis among 30 patients in the study
(group A) in the SEUAY.......coovveeeeiieeeeeeeeeeeee e 99
The percentage of patients with TSC having
multiple renal CYStS ... .. 103
Degree of mental subnormality among 12 patients
WIth TSC ..o, 104

Comparison between the availability of imaging
modalities (C.T) and (MRI) among 18 patients with
(NF-1) in this StUAY. c.ooooveeieeiiiieceiecee e 105
Comparison between the main findings in both (C.T)
and (MRI) and their percentage in patients with

(NF-1) in this StUAY. cooooiieiiiiiiieceieceecee e 106
Availability of imaging in patients with TSC in the
SEUAY . eeeeviiiiieee e e e e e e e aaaaaes 108



Leot 0{ ?cqwzea Cont...

Fig. No. Title Page No.
Figure (39):  Comparison between the main findings in both C.T
and MRI in patients with TSC in the study..................... 109
Figure (40):  Specific criteria for diagnosis of NF-1 in the study.......... 112
Figure (41): Major & minor criteria for diagnosis among 12 cases
with TSC in this study..........covvviiieeiiiiiiiiiicieeeeeeeee, 114
Figure (42):  Types of neurocutaneous disorders among group B
patients (11 Patients). .....cc.eeeveeveeiieeeeeeeeee e 115
Figure (43):  Final diagnosis of 41 cases with neurocutaneous
disorders in the study......cccooeevveiiieeiiiiiiieeieeeee e, 124



Lest of Abbreviations

Abb. Full ferm

ADHD.................. Attention Deficit Hyperactivity Disorder
AEDs......ccccunnn. Antiepileptic Drugs

AML .......cccoee Angiomyolipoma

AMLs.....ccoeveeeee. Angiomyolipomas

AT, Ataxia-telangiectasia

B/L..ooon Bilateral

CALMs.......oue....... Café-au-lait macule

CNS......ee. Central Nervous System
CT.ooeeiinnn. Computerized Tomography
CVA........ccoeen. Cerebrovascular accidents

DNA ... Deoxy riboneucleic acid

ECG.......ccccvvvunnn.. Electrocardiogram

EEG........cccouuun... Electroencephalogram

EMG.................... Electromyogram

ERG.......ccccvvnnnn.. Electroretinogram

Fo Female

FLAIR ................. Fluid Attenuated Inversion Recovery images
GABA ... Gamma Amino-butyric Acid
Gl Gastrointestinal

GTPase................ Guanosin triphosphatase activating protein
HI......oooovvneeeee Hypomelanosis of Ito

HI......ooovovvneeeee Hypomelanosis of ITO

HMEG ................. Hemimegalencephaly

HRCT ......ccuuue. High-resolution chest computed tomography
IP i, Incontinentia pigmenti

IP i, Incontinentia pigmenti

| [ Intelligence Quotient

IQR ..., Interquartile range

Kb..ooovvriee kilobases kb

KTS ..o Klippel trenauanay syndrome

LAM ...ccooeeeeiin. Lymphangiomyomatosis
M., Male

MPNST ............... Malignant peripheral nerve sheath tumor
MRI ... Magnetic Resonance Imaging
MRS....ccoeeeiiii. Magnetic Resonance Spectroscopy
mTOR.................. Mammalian target of rapamycin

NF s Neurofibromatosis

NF-1 ... Neurofibromatosis type-1

Vi



Lot 0& breviationsd cont...

Abb. Full ferm

NF-2 ..., Neurofibromatosis type-2

NIH ... National Institutes of Health

PRR .....cccooeeee. Parry romberg syndrome

RPE ... Retinal pigment epithelium

SD o Standard deviation
SEGAs.......uuu..... Subependymal Giant Cell Astrocytomas
SENS .....oovvvvvinnn. Subependymal Nodules
SPSS......ccovvie. Statistical package for social science
SWS..iens Sturge-Weber syndrome
TSC.ovviieeeeeieee, Tuberous Sclerosis Complex
UBOs..ccooeeeeeens Unidentified Bright Objects
US.iieenn, Ultrasonography

VEGFD............... Vascular endothelial growth factor D
AY2 D1 o T Visual evoked potentials
VHL.......ccovvn Von Hippel-Lindau syndrome
XPoooiieienn Xeroderma pigmentosa

vii



Abstract

Background: Neurocutaneous syndromes are disorders that lead to growth of tumors
in various parts of the body. They're caused by the abnormal development of cells in
an embryo and characterized by the presence of tumors in various parts of the body
(including the nervous system) and by certain differences in the skin, while some can
be diagnosed at birth; others don't produce symptoms until later in life,

Objectives: To highlight the clinical presentations of the neurocutaneous syndromes,
systemic manifestations & their neuroimaging profile to facilitate their diagnosis,
management and counseling.

Methods: 41 infants & children presenting with various neurological and cutaneous
manifestations who were attending the neuropediatric outpatient clinic of the Children
Hospital (Abou EI-Rish Hospital), Faculty of medicine, Cairo University, Egypt from
October 2013 till June 2014. All cases were subjected to full clinical evaluation &
neuroimaging (MRI brain), CT brain for 24 cases, MRS for 3 cases, CT abdominal
pelvis for two cases, EEG for 18 cases, EMG for one case, Echocardiography for 16
cases, abdominal ultrasound for 13 cases, 1Q assessment for 32 cases, X-ray on the
spine &renal artery Doppler for one case, chromosomal study for 3 cases, serum IgA
& a fetoprotein level for 2 cases.

Result: Nine types of neurocutaneous disorders were identified based on clinical
criteria and imaging findings. Neurofibromatosis type-1 (NF-1) was the commonest
type diagnosed in 18 cases (43.9%), (Tuberous Sclerosis Complex) 12 cases (29.3%),
two cases (4.88%) of each (Sturge Weber Syndrome, Hypomelanosis of Ito,
Incotinentia Pigmenti & Ataxia Telangiectasia),and one case 2.44% of each (Klippel
Trenaunay Syndrome, Xeroderma Pigmentosum, and Parry Romberg Syndrome).

Conclusion: Skin examination is an essential part of clinical examination and is of
great help in evaluating patients with various neurological manifestations e.g.,
macrocephaly, microcephaly, seizures & delayed milestones. Identification of their
variable neurological systemic manifestations & their neuroimaging are important for
their diagnosis, management genetic counseling.

Key words: Neurocutaneous syndromes, neuroimaging, neurofibromatosis.
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CIntroduction

Introduction

ghe "phakomatosis" or (neuro-oculo-cutaneous syndromes,
neurocutaneous disorders) are multisystem disorders that have
charatristic central nervous system,ocular and cutaneous lesions of

variable severity (Rook and Burns, 2004).

The "phakomatosis" concept was formulated early in the twentieth
century by the ophthalmologist van der Hoeve. The term, from the Greek
@axdg, phakos, "spot, lens", suffix-(o)ma (-opa) and the suffix -osis, also
called "Mother's spot "or" Birth mark "was introduced by Jan van der
Hoeve in 1920, before the distinct genetic basis of each of these diseases

was understood (Enersen and Ole Daniel, 2007).

The skin and the brain have a common ectodermal origin, so there
are many genetic and acquired diseases that affect both tissues. However
in some conditions, such as von Hippel-Lindau disease, ectodermal

presentation is minimal (Neau et al., 2014).

In NF the cutenous features include six or more café -au -lait
macules, axillary or inguinal freckling, two or more iris lisch nodules and
two or more neurofibromas or 1 plexiform neurofibroma. InTuberous
Sclerosis more than 90% of cases show typical hypomelanotic macules
that have been likened to ash leaf on the trunk and extremities. In Sturge
Weber there is a cutaneous angioma called a port wine stain that is
present at birth and usually covers at least one upper eyelid and the
forehead. In Ataxia Telangactasia there are tiny, red, spider like veins in
the corners of the eyes or on the ears and cheeks when exposed to

sunlight (Williams et al., 2009).
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In NF the neurological features include learning disability affecting
30%o0f children with NF type 1 and seizures in 8%. In tuberous sclerosis
there is epilepsy, cognitive impairment and autism spectrum disorders. In
Sturge Weber Syndrome epilepsy is seen in 75-90% in patient mainly in
the first year of life. The first manifestation of Ataxia Telangactasia
appears in the second year of life when the child starts to walk. In
Hypomelanosis of Ito seizures and mental retardation are the most

common neurological abnormalities (Datta et al., 2008).

NFI1 is the most common of all the neurocutaneous syndromes.
CNS lesions are frequent and imaging is valuable for diagnosis, treatment
and follow-up of patient. Tumors of the central nervous system are
frequent. Optic nerve glioma usually affects younger patients with
clinical symptoms in one third of cases. Magnetic Resonance Imaging
(MRI) shows fusiform enlargement with variable enhancement of the
optic nerve. These tumors are usually non-aggressive with good
prognosis. Other gliomas and astrocytomas can occur as well, usually
midline in location, which also generally have good prognosis (Jacques

and Dietemann, 2005).

Nerve sheath tumors are an inherent characteristic of NF1 and may
develop as cutaneous, subcutaneous and plexiform neurofibromas (Ferner,
2007). Plexiform neurofibromas may cause radicular symptoms. They more
frequently involve the lumbosacral plexus. Neurofibromas are homogeneous
oval shaped tumors that may extend into the spinal canal (Jacques and

Dietemann, 2005).

Among patients with neurofibromatosis type-1 (NF1), however,

malignant peripheral nerve sheath tumors are the leading cause of

2
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mortality, with an incidence of 4.6-13% (Evans et al., 2002; Rasmussen

etal., 2001).

They may develop de novo or from sarcomatous degeneration of a
pre-existing plexiform neurofibroma. Osseous lesions have been
described including progressive thoracic scoliosis, vertebral anomalies,
long bone anomalies, and rib anomalies. Vascular lesions may occur
resulting in arterial hypertension and aneurysm formation (Jacques and

Dietemann, 2005).

In Tuberous Sclerosis MRI may show cortical tubers,
subependymal nodules, giant cell astrocytoma, and linear white matter
abnormalities. Computed tomography (CT) scanning may be required to
adequately show calcifications, which are most commonly seen in
subependymal nodules. In addition to these typical findings, MRI may
also detect cerebellar tubers subtle cortical dysplasia, transmantle
dysplasia, hemimegalencephaly (HMEG), focal megalencephaly, and
cortical infoldings (Leventer et al., 2008).

Neuroimaging (CT-scan/angio-magnetic resonance imaging
[MRI]) provides the diagnosis of Sturge Weber syndrome, when it shows

ipsilateral leptomeningeal angioma (Maruani, 2010).




