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Article abstract-The epidermal nevus syndrome (ENS) is a sporadic neurocutaneous disorder that consists of epidermal nevi 
and congenital anomalies involving the brain and other systems. From among over 60 patients with ENS presenting with 
neurologic manifestations, we identified 17 who had hemimegalencephaly based on pathologic or radiologic studies. Associated 
brain and neurologic abnormalities included gyral malformations in 12 of 12, mental retardation in 13 of 14, seizures in 16 of 17 
(including 9 with infantile spasms), and contralateral hemiparesis in 7 of 12. All had ipsilateral epidermal nevi of the head, and 
several had ipsilateral facial hemihypertrophy. We concluded that these abnormalities comprise a recognizable neurologic 
uariant of ENS that we believe represents the full expression of primary brain involvement. Several patients also had evidence of 
acquired brain lesions such as infarcts, atrophy, porencephaly, and calcifications, which are best explained by prior ischemia or 
hemorrhage. Given repeated observations of blood vessel anomalies in ENS patients, we hypothesize that underlying vascular 
dysplasia predisposes to these acquired lesions. The same cause may be invoked to explain the wide variety of neurologic 
symptoms reported in ENS patients without hemimegalencephaly. While the cause of ENS remains unknown, several observa- 
tions suggest a somatic mutation. 
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Epidermal nevi are congenital skin lesions that consist 
of slightly raised ovoid or linear plaques. In infants, they 
are usually skin-colored and velvety. As time passes, 
they become more verrucous, and  orange or darker 
brown in color. Smaller lesions occur most frequently 
on the face, scalp, and neck, while larger lesions may 
affect any area. There is often a predilection for the 
midline. At  least 7 different types have been described, 
including linear nevus sebaceous (of Jadassohn), nevus 
verrucosus, and ichthyosis hystrix. Under current use, 
the generic term “epidermal nevi” encompasses all of 
these. Histologic studies show hyperplasia of both epi- 
dermis and dermis in all types, while involvement of 
skin appendages may vary. Malignant transformation 
within epidermal nevi occurs, usually after puberty, but  
the incidence is unknown.’ 

T h e  epidermal nevus syndrome (ENS) is a sporadic 
neurocutaneous disorder (although it is listed as MIM 
no. 16320 in McKusick2) that consists of epidermal nevi 
and a wide variety of congenital anomalies of the  brain, 
eye, skeleton, and other systems. Our observations of 4 
patients with a recognizable neurologic syndrome con- 
sisting of facial epidermal nevus, ipsilateral hemi- 
megalencephaly a n d  gyral  malformation,  m e n t a l  
retardation, seizures (especially infantile spasms), and 

sometimes facial hemihypertrophy prompted this re- 
view of the neurologic manifestations of ENS. 

Methods. For this study, we gathered data on 63 patients 
with ENS (4 from our practices and 59 from the literature) 
who presented with severe neurologic abnormalities. From 
among these, we selected 17 patients for further review based 
on (1) availability of adequate clinical description and patho- 
logic or radiologic studies and (2) presence of hemimegalen- 
cephaly. The studies included autopsy or surgical biopsy 
results in 4 patients, cranial CT in 12, and both pneumoen- 
cephalogram and angiogram in one. 

Case reports. Patient 1. This boy was the 1st of 2 children 
born to unrelated Sicilian parents. Two earlier pregnancies 
ended in miscarriage; his younger brother is healthy. The 
father was 52 years old and the mother 37 at  the time of his 
birth. Family history was not significant. Pregnancy and de- 
livery were uncomplicated. Birth weight was 3.3 kg, length 50 
cm, and occipitofrontal circumference (OFC) 35 cm (all 50th 
percentile). He had a large swelling of the right cheek that soon 
extended to involve the entire right face, hypotonia, and a 
weak cry. Subsequent development was delayed. At  1.5 
months, he had a brief generalized seizure. Infantile spasms 
began at  3 months, and were more prominent on the left side. 
At  3 months, weight was 5.8 kg, length 57 cm, and OFC 42 cm 
(50th percentile). Examination showed an asymmetric skull, 
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Figure 1. Facial photographs of patients 1-4 ( A - 0 )  at ages 3, 0.25, 15, and 13 years, respectively, show epidermal nevi over the 
medial forehead and nose, and hemihypertrophy (except for patient 2) most prominently involving the lower face. The  
abnormalities are present on the right in patients 1,2,and 4 (A, B, and 0) and on  the left in patient 3 (C). 

A B C D 

Figure 2. Cranial MRI (A) or CT  (B-0)  in patients 1-4, respectively, show hemimegalencephaly and other ipsilateral 
abnormalities on  the right in patients 1,2, and 4 (A, B, and 0) and on the left in patient 3 (C). Specific abnormalities include 
enlarged gyri (solid arrows in all), abnormally open sylvian fissure due to opercular hypoplasia (long, curved arrows i n  A and 
0). enlargement and attenuation of white matter (in C and 0) and calcifications (short, curved arrows in  B and 0). 

right facial hemihypertrophy, a 2-cm caf6-au-lait spot over 
the right temple, and a slightly elevated, yellow linear nevus 
extending from the forehead (just right of midline) to the tip of 
the nose and along the columella to the upper lip. A similar, 
oval nevus was located over the right neck. He had poor head 
control, truncal hypotonia, and hypertonia of the legs. Eye 
examination showed dilated and congested veins over the 
disks, and congested disks with sharp borders surrounded by a 
soft choroidal ring. Several clusters of infantile spasms were 
observed daily, and he was treated with sodium valproate, 
which led to a reduction in frequency of the spasms. By 5 
months, infantile spasms had disappeared, but he had 2 tonic- 
clonic seizures associated with fevers soon afterward. Subse- 
quently, partial motor seizures were observed. At 18 months, 
the right cheek mass was excised and proved to be a lipoma. A t  
3 yc us, he was severely mentally retarded and unable to walk 
or talk. The skin lesions were unchanged, but hemihypertro- 

phy of the right face and body was evident (figure 1A). 
An EEG a t  3 months showed generalized, irregular bursts 

of very high-voltage slow waves, sharp waves, and multifocal 
spikes. Burst suppression was seen during sleep. Cranial CT 
showed right hemimegalencephaly associated with enlarge- 
ment of the right sylvian and interhemispheric fissures. Sub- 
sequent MRI (figure 2A) showed right hemimegalencephaly 
associated with pachygyria, open sylvian fissure due to under- 
development of the operculae, and slight enlargement of the 
right lateral ventricle. Auditory and somatosensory evoked 
potentials showed a less mature right hemisphere. Biopsy of 
the congenital nevus showed acanthosis, papillomatosis, and 
hyperkeratosis. 

Patient 2. This boy was born following an uncomplicated 
pregnancy and delivery to unrelated parents. An older sibling 
is healthy. Family history was not significant. A linear epider- 
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ma1 nevus was noted shortly after birth. Infantile spasms 
began at 3 months and were more prominent on the left side. 
Treatment with ACTH and other seizure medications was 
ineffective. 

Examination a t  3 months showed 2 parallel, linear epider- 
mal nevi extending from the forehead to the nasal tip and right 
cheek, respectively. His face was asymmetric while crying 
(figure 1B). At  6 months, EEG showed hypsarrhythmia, more 
severe on the right. Cranial CT (figure 2B) showed skull 
asymmetry, right hemimegalencephaly, and several associ- 
ated abnormalities of the right cerebral hemisphere. The lat- 
ter included open sylvian fissure due to hypoplasia of the 
operculae, pachygyria most apparent in the parietal lobe, and 
a large area of calcification in the frontal white matter. The 
right lateral ventricle was enlarged posteriorly, while the 
frontal horn appeared obliterated. The 3rd ventricle was de- 
formed and displaced to the left. The white matter appeared 
normal. When last seen at 4 years, he was mentally retarded 
and had frequent partial complex seizures. 

Patient 3. This girl was the 5th of 6 children born to Amish 
parents who were not known to be related. She was born at 
term following an uncomplicated pregnancy and delivery. 
Birth weight was 3.6 kg. She had extensive, heavily pigmented 
skin lesions over the head and neck, a large right flank 
lymphangioma and nevus extending onto the abdomen and 
back, and congenital dislocation of both hips. Seizures began 
at  3 months, and she was hospitalized at  9 months because of 
frequent right focal seizures with secondary generalization. 
EEG showed diffusely slow background activity and marked 
attenuation of activity over the right frontal region. She 
learned to sit at  about 1 year, but is severely mentally retarded 
and has relatively frequent partial complex and generalized 
tonic-clonic seizures. 

On examination at 15 years, she had extensive epidermal 
nevi involving the left forehead, with faint extension down the 
nose, and both sides of the scalp and neck (more prominent on 
the left) (figure 1C). Large areas of lymphangioma and epider- 
mal nevi remained on her back and both flanks, especially the 
right. She also had left facial and body hemihypertrophy, 
levoscoliosis, wide 1st and 2nd metatarsals, rocker-bottom 
feet, mild right hemiparesis, and right homonymous hemi- 
anopia. CT (figure 2C) showed left hemimegalencephaly, 
pachygyria, enlarged and slightly radiolucent white matter, 
and enlarged lateral ventricle. Angiogram showed no abnor- 
malities of cerebral blood vessels. 

Patient 4. This girl was the 2nd child born following an 
unremarkable pregnancy and delivery to unrelated parents. 
The 1st child had died at  13 hours of age from pneumothorax 
and respiratory failure, but family history was otherwise not 
significant. Birth weight was 3.1 kg and Apgar scores were 8 
and 9. Seizures began at  6 months, and infantile spasms by 8 
months. She subsequently had multiple seizure types that 
have remained intractable. A t  11 months, skin examination 
showed an epidermal nevus involving the right forehead, with 
extension down the right side of the nose, and skull asymme- 
try with fullness of the right forehead. A t  2.5 years, OFC was 
47.0 cm (below 2nd percentile). 

A t  13 years, she could pull herself to stand, cruise, walk if 
assisted, grasp small objects with her right hand, and use 10 to 
20 single words but no phrases. Both weight and OFC were 
below the 5th percentile. The epidermal nevus and hemi- 
hypertrophy were unchanged (figure 1D). She also had eso- 
tropia, left hemiparesis, and poor coordination of the right 
side. Skull x-rays showed the right cranium to be larger than 
the left. Cranial CT at  10 years (figure 2D) showed hyper- 
ostosis of the skull in the right frontal region, right hemi- 
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megalencephaly, pachygyria, open sylvian fissure, enlarged 
and radiolucent white matter, andenlarged lateral ventricle. A 
small area of calcification in the right frontal region was also 
seen. 

Results. Relevant clinical and pathologic or radiologic 
manifestations (with emphasis on brain and neurologic 
abnormalities) in 17 patients with ENS are shown in 
the  table. For ease of reference, we have used nos. 1-4 for 
our  patients and  nos. 101-113 for the  literature pa- 
t i e n t ~ . ~ - ' ~  

Skin involvement. Epidermal nevi were located over 
the  head or neck in all 17 patients in  this series; they 
were usually unilateral, but were sometimes bilateral. A 
midline or paramidline location occurred frequently. 
T h e  right and left sides were affected equally. Many had 
a characteristic linear nevus extending vertically from 
the middle of the forehead along the root of the nose and 
onto the  upper lip, usually just  lateral to  midline. Other 
skin and subcutaneous lesions such as epidermal nevi 
below the  neck, hemangiomas, lipomas, hypopigmented 
areas, and  cafk-au-lait spots occurred but were infre- 
quent. 

Craniofacial involvement. Hemihypertrophy of the 
face was observed in 9 of 16 patients. It was always 
ipsilateral to  the facial nevus. Macrocephaly was re- 
ported in 4 patients and microcephaly in one (no. 4). 

Musculoskeletal involvement.  S o m a t i c  hemi-  
hypertrophy occurred in 3 of 16 patients, including 2 
with ipsilateral facial hemihypertrophy and 1 without. 
Hemiatrophy was seen in  3 other patients, but  always 
contralateral to the  nevus (ipsilateral to  hemiparesis). 
Other abnormalities result from anomalous bone for- 
mation, including scoliosis, congenital hip dysplasia, 
equinovarus deformity, and short limbs.' 

Eye involvement. Eye abnormalities were observed 
in 4 of 15 patients in  this series, including only 1 with 
conjunctival or scleral lipodermoid tumors. These re- 
sults are similar t o  those of Solomon and Esterly,' who 
also observed eye abnormalities in about '13 of patients. 
This suggests that the  incidence of eye involvement is 
not correlated with brain involvement in ENS. Other 
reported abnormalities include microphthalmia, cor- 
neal opacities, colobomas, and  a variety of other abnor- 
malities involving anterior chamber structures or the 
retina.I4 

Primary brain involvement. Hemimegalencephaly 
was observed in all 17 patients based on our selection 
criteria. One patient (no. 104) had only partial involve- 
ment with enlargement of the  basal ganglia and  overly- 
ing cortex. T h e  facial nevi and  hemimegalencephaly 
were always on the  same side. Autopsy studies in 3 
patients (nos. 101, 106, and 112) showed that the en- 
larged hemisphere was firmer t h a n  usual. Areas of 
pachygyria sometimes associated with polymicrogyria 
covered all or a portion of the  affected hemisphere. 
Other ipsilateral changes included irregularly thickened 
cortex, heterotopic nodules in  the  white matter, en- 
larged lateral ventricle, and areas of enlarged and firm 
white matter. 

Microscopy showed severely disturbed cytoarchitec- 
ture. The cortex was irregularly thickened and con- 



Table. Manifestations in 17 patients with ENS variant 

Patients 

Manifestation 1 2 3 4 101 102 103 104 106 106 107 108 109 110 111 112 113 Totals 

Skin involvement 17/17 
Epidermalnevus-head M,R M,R M,L R L M,R M,L R M,L L M,R R L R R M L 17/11 
Epidermalnevus--body + - - - - - L - - - - - - - - R -  3/17 

- 2/16 
2/16 

+ - - - - - -  + - - - - - - - Lipomas ... 
Hemangiomas - - B - - - - - - - - -  + - -  ... 
Facial hypertrophy R - L R L R L - - - -  R L - -  . . .  L 9/16 

+ -  . . .  - + -  + . . . +  . . . . . .  4/13 Macrocephaly* 

... + . . .  - 1/15 Lipodermoids 
Other eye abnormalities - - - B . . .  L + - - - -  . . .  - 3/15 

- 

Craniofacial involvement 11/16 

- - - _ - _  
Eye involvement 4/15 

_ - - -  - - - - -  - _ - _  
- - - -  

Other abnormalities 6/16 
Hemihypertrophy(atrophy) + - L (L) - - - (L) - (R) - - - - - .. .  L 3/16 

0116 - - - - - - - _ - - _ _ - _ _ _  Cardiac anomalies . . .  
Other anomalies 

Brain involvement 
Primary 

Hemimegalencephaly 
Pachygyria 
CT radiolucency 
Gliosis 
Tumors 

Secondary 
Atrophy 
Infarct 
Porencephaly 
Calcifications 

Enlarged 
Hydrocephalus 

Ventricles 

R R L R L R L R L L R R L R R R L  
R R L R L  . . . . . .  R . . . L R . . . L R R R . .  

. . . . . .  ... I, - - - L - -  . . .  L 
. . . . . . . . . . . .  L . . . . . .  R . . . L  . . . . . . . . . . . . . . .  R . .  
- - - - - - - - - L - - - - - - -  

- R - - -  

2/16 

11/17 
11/17 
12/12 
4/13 
414 
1/17 

0117 
1/15 
2/17 
6/17 

16/11 
3/17 

8/17 

16/17 

Vascular anomalies 418 
. . . . . .  . . .  . . .  . . .  . . . . . . . . .  R . . .  118 Leptomeningeal angioma - 

. . . . . .  318 

- -  - - - -  

. . .  ... . . .  . . . . . . . . .  ... - - R R - R -  - Other vascular anomaly 
Neurologic involvement 17/17 

Seizures l m  + 3m Od 2d 6m 4d 5w 7w - 3m + + + 6m Od 2w 16/17 
Infantile spasms 3m 3m - 8m 3m - - - lm  - 3m l m  l m  . . . . . . . . .  2m 9/14 
EEG seizure discharges H H L H H R B R H  ... H R B L  . . .  R H  15/15 
Mental retardation7 + + + + . . .  + . . .  + + + + + + + - .. .  + 13/14 

. . . . . . . . .  ... R 1/12 B R - L  - Hemiparesis . . .  R L R - - - 

Hypotonia + -  + + - + - - -  + + + . . . . . .  . . .  - 1/14 
Sex M M F F M M F F M M M M F F M M M l lM/6F 
Age 3y 4y 15y 14y 4m 3y 4d 13y 2y Inf 6y lm 5y 5y 9y I d  5y 

- 

Patient 4 was micmcephalic. I. I.&. w Weeks. + Present. 
t Includes developmental delay. B Bilateral. y Years. - Absent. 

M Midline nr male. m Months. H Hypnsrrhythmia. , . . No information. 
R Right. d Days. F Female. 

References for literature patients: 101, Bignami et al3; 102, Barth et al4; 103. Boltahauser and Navratil5; 104, patient 1 of Zaremba et a16.7; 105, Kurokawa e t  alS; 106, Choi and Kudos; 107. 
Vigevano et allo; 108-111, patients 1-4 of Vles et alll; 112, patient 4 of Robain et a112; and 113. Sakuta et al.13 

tained atypical giant neurons and giant astrocytes often 
arranged in columns. The normal laminar pattern was 
disturbed or lost, particularly in areas of pachygyric or 
polymicrogyric cortex. Some areas were hypercellular. 
Scattered heterotopic gray matter containing both neu- 
rons and glia extended into the subarachnoid space. 
The white matter contained many heterotopic neurons 
associated with large astrocytes, nodules of astrocytes, 
mineralized neurons, calcospherites, and zones of calci- 
fication. Focal areas of marked astrocytic proliferation 
infiltrating into adjacent structures and small, an- 

gioma-like conglomerations of blood vessels occurred 
less frequently. Similar but much less severe abnormali- 
ties were sometimes described in the contralateral 
hemisphere. Corresponding CT changes include en- 
larged hemisphere, open sylvian region due to under- 
developed opercula, enlarged gyri (pachygyria), focal 
hyperlucency of white matter (possibly corresponding 
to areas of glial proliferation), intracerebral calcifica- 
tions, and enlarged ventricles. Hydrocephalus was seen 
in 3 patients (nos. 103, 106, and 109). In 1 (no. 106), 
obstructive hydrocephalus was caused by a midline 
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mass involving the basal ganglia and thalamus. In a 
patient excluded from the series, hydrocephalus was 
caused by a probable pineal germinoma.15 

Neoplastic transformation was observed in only 1 
patient in this series who had a low-grade astrocytoma 
(no. 106). However, several other patients have had 
brain tumors, including astr~cytoma, '~J~ pineal ger- 
minoma, choroid plexus papilloma, and lipoma of the 
corpus c a l l o ~ u m . ~ ~  

Secondary brain involuement. Hypoplasia or atro- 
phy of the brain (including porencephaly and infarcts) 
has been reported in many ENS patients, both with and 
without hemimegalencephaly. In several, unusual vas- 
cular anomalies, such as arteriovenous malformation,' 
coarctation of the aorta,14 and absent dural sinuses,'* 
have been documented, suggesting an association. 

In this series, large porencephalic cysts were ob- 
served in 2 patients (nos. 110 and lll), while another had 
a small area of necrosis and calcification in the left 
frontal lobe (no. 101). None had angiograms. Another 5 
patients had calcifications without visible atrophy or 
infarcts. These abnormalities always occurred ipsi- 
lateral to hemimegalencephaly. Abnormalities of cere- 
bral blood vessels were found in 4 of 8 patients for whom 
information was available, including leptomeningeal 
(no. 112) or parenchymal (no. 104) angiomas, and absent 
dural sinuses (nos. 102 and 107). However, their clinical 
presentation did not differ from other patients with 
hemimegalencephaly . 

Neurologic inuoluement. As expected from our selec- 
tion criteria, neurologic symptoms were frequent and 
severe. Mental retardation (or developmental delay for 
younger children) occurred in 13 of 14 patients for whom 
data were available. Seizures were observed in 16 pa- 
tients, with age of onset between birth and 6 months. 
Infantile spasms occurred in 9 of the latter, while sev- 
eral others died or were reported while still a t  risk for 
developing these seizures. Most patients with infantile 
spasms had generalized hypsarrhythmia, although 1 
had unilateral hypsarrhythmia (no. 105). In the others, 
EEG abnormalities were usually ipsilateral to the major 
brain abnormality (contralateral in no. 110). Hemi- 
paresis occurred contralateral to the major brain abnor- 
mality in 7 of 12 patients. It was sometimes associated 
with ipsilateral hemiatrophy. Several other patients 
were quite young and might have developed hemi- 
paresis later. 

Other abnormalities. Although no patients in this 
series had a heart anomaly, other ENS patients have 
had heart malformations such as coarctation of the 
a ~ r t a ~ ~ J ~ . ~ ~  or ventriculoseptal defect.21 Other abnor- 
malities most frequently affected the musculoskeletal 
system or kidneys.' 

Although only 1 patient in this series had a malig- 
nancy (the astrocytoma noted previously), predisposi- 
tion to cutaneous and systemic malignancies has been 
observed in ENS. The risk of skin cancers appears to 
increase with age. Other reported malignancies include 
Wilms' tumor (in patients with hemihypertrophy), ade- 
nocarcinomas of the breast and salivary glands, stom- 
ach and esophagus carcinoma, transitional cell 
carcinoma of the bladder, metastatic squamous cell car- 
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cinoma, and ameloblastoma of the mandible. The fre- 
quency of skin and other systemic malignancies is 
unknown.' 

Discussion. While evaluating our patients, we recog- 
nized striking similarities among them and a few pa- 
tients reported in the literature. However, these had not 
been emphasized in recent review articles of ENS, 
which included relatively few patients with pathologic 
or CT studies. 

Primary brain involvement (neurologic variant). 
From the data collected, we concluded that hemi- 
megalencephaly and related brain abnormalities (gyral 
malformation due to neuronal migration disorder, neu- 
ronal and glial hyperplasia and hypertrophy) are the 
dominant neuropathologic abnormalities in ENS. They 
are always associated with midline or ipsilateral epider- 
mal nevi of the head and frequently associated with 
mental retardation, seizures (especially infantile 
spasms), contralateral hemiparesis, and facial hemi- 
hypertrophy. This group of abnormalities comprises a 
consistent neurologic variant of E N S  that we believe 
represents the full expression of neurologic involve- 
ment. 

Secondary brain involvement (uascular). Several pa- 
tients also had pathologic or radiologic evidence of ac- 
quired brain lesions such as  infarcts, atrophy, 
porencephaly, and calcifications, which are best ex- 
plained by prior ischemia or hemorrhage. Given re- 
peated observations of blood vessel anomalies in ENS 
patients, we hypothesize that underlying vascular dys- 
plasia predisposes to these acquired lesions. The same 
cause may be invoked to explain the wide variety of 
neurologic symptoms reported in ENS patients without 
hemimegalencephaly. There are insufficient observa- 
tions to determine whether atrophy or hypoplasia may 
occur without vascular abnormalities. 

Pathogenesis. The pathogenesis of ENS thus ap- 
pears to involve hypertrophy, hyperplasia, and dys- 
plasia of multiple tissues originating from different 
germ layers although ectodermal tissues clearly pre- 
dominate. While the cause is unknown, repeated obser- 
vations of (1) striking abnormalities in cellular growth 
and differentiation, (2) striking lateralization, (3) pre- 
disposition for tumor development, and (4) lack of ge- 
netic transmission strongly suggest a somatic, probably 
autosomal dominant, mutation. This is further sup- 
ported by rare reports of autosomal dominant transmis- 
sion of epidermal nevi.22 

Genetics. Parents of children with ENS should be 
told that the risk to future children is very low. Prenatal 
diagnosis using genetic ultrasound could be attempted 
with particular attention to ventricular enlargement or 
asymmetry, hemimegalencephaly, and hemihypertro- 
phy of the limbs. However, there is little experience 
with prenatal diagnosis of ENS at present. 

Summary. ENS is a rare neurocutaneous disorder 
that may present with a bewildering variety of neu- 
rologic signs and symptoms. We have identified a sub- 
group of patients with a recognizable neurologic 
syndrome consisting of facial epidermal nevus, ipsi- 
lateral hemimegalencephaly and gyral malformation, 



mental retardation, seizures (especially infantile 
spasms), and often facial hemihypertrophy. Many 
other neurologic signs and symptoms, sometimes asso- 
ciated with acquired brain lesions such as infarcts, atro- 
phy, porencephaly, and calcifications, have been re- 
ported in ENS patients. These probably result from an 
associated vascular dysplasia that may occur in patients 
with or without the hemimegalencephaly variant. 
While the cause of ENS remains unknown, several ob- 
servations suggest a somatic mutation. Recurrence risk 
in siblings is low. 
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