Childs Nerv Syst (2015) 31:115-121
DOI 10.1007/s00381-014-2526-0

ORIGINAL PAPER

Neurocutaneous melanosis is associated with tethered spinal cord
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Abstract

Purpose Neurocutaneous melanosis (NCM) is a rare congen-
ital disorder occurring in children born with multiple or large
congenital melanocytic nevi (CMN) in association with
melanocytic deposits in the leptomeninges. Multiple associa-
tions between NCM and other syndromes or neurologic ab-
normalities have been reported. Of note, there exists a possible
association between NCM and tethered cord (TC).

Methods We retrospectively reviewed charts and films of all
patients with the diagnosis of NCM at the Children’s Hospital
of Pittsburgh (CHP) from August 2002 to present.

Results Five children met the criteria for NCM at our institu-
tion over a 12-year period. Apart from the melanocytic de-
posits, one or more additional spinal abnormalities were iden-
tified in all children. Three children had radiographic evidence
of a low-lying conus medullaris, two of which also demon-
strated lipomatous infiltration of the filum terminale, consis-
tent with a tethered cord (TC).

Conclusions Clinical features of NCM include dermatologic
and neurologic manifestations. To date, this is the first series to
note an association between NCM and TC. While nearly all
recent series of NCM patients advocate early MRI of the
neuroaxis, we recommend screening imaging of the spine on
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Introduction

Neurocutaneous melanosis (NCM) is a rare congenital
disorder occurring in children born with multiple or
large congenital melanocytic nevi (CMN) in association
with melanocytic deposits in the leptomeninges. It was
initially described by Rokitansky in 1861, who reported
a teenager with large cutaneous nevi and hydrocephalus
with leptomeningeal deposits discovered at autopsy [33].
In NCM, the abnormal proliferation of melanocytes can
be seen in the leptomeninges, brain, or spinal cord parenchy-
ma. NCM is thought to represent an error of migration of
melanoblasts [22, 19].

NCM was formally defined in 1972 by Fox and colleagues
as multiple or giant pigmented nevi in patients without malig-
nant transformation of the cutaneous lesions and without
malignant deposits elsewhere than the leptomeninges [14].
While the leptomeningeal lesions are most often benign, they
have been reported to undergo malignant transformation in
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nearly 3 % of patients [15]. The following diagnostic criteria
were proposed by Kadonaga and Frieden in 1991 and remain
in clinical use today: (1) large or multiple congenital
melanocytic nevi in association with meningeal melanosis or
melanoma, (2) no evidence of cutaneous melanoma, except in
patients in whom the examined areas of meningeal deposits
are found to be benign, and (3) no evidence of meningeal
melanoma, except in patients in whom the examined areas of
cutaneous nevi are benign [22].

Multiple associations between NCM and other syndromes
or neurologic abnormalities have been reported. NCM has
been seen in conjunction with other neurocutaneous disorders,
including neurofibromatosis and Sturge-Weber syndrome
[10]. Approximately 8—10 % of children with NCM have
cysts in the posterior fossa, including arachnoid cysts and
Dandy-Walker malformation [3, 23, 25, 32]. Hydrocephalus
is common [32]. Other intracranial findings include
lissencephaly, Chiari I malformation, middle cranial fossa
arachnoid cyst, and encephalocraniocutaneous lipomatosis
[10, 21, 6, 2]. A recent study reported that a significant
proportion of these patients have epilepsy and developmental
delay [32]. Associated spinal abnormalities include arachnoid
cysts, spinal lipomas, and syringomyelia [24, 34]. To date,
there is only one report of a tethered spinal cord in a patient
with NCM [13]. We describe our single-institution experience
with pediatric NCM and note the association with tethered
cord (TC).

Methods

The charts and films of all patients with the diagnosis of NCM
at the Children’s Hospital of Pittsburgh (CHP) from August
2002 to present were reviewed. The diagnosis of NCM was
made in accordance with the aforementioned criteria of
Kadonaga and Frieden, as determined by the pediatric
neurooncologist at CHP (author RJ). Contrast-enhanced MR
imaging (MRI) of the brain and spine was obtained on all
patients and reviewed by a pediatric neuroradiologist.
Neurologic assessment was performed by a pediatric neuro-
surgeon and/or pediatric neurologist. Developmental delay
was defined as failure to meet appropriate milestones. Low-
lying conus medullaris was defined as the position of the tip of
the conus medullaris below the L2-L3 interspace. Medical
charts were reviewed to assess clinical and radiographic char-
acteristics including age at diagnosis of NCM, gender, radio-
graphic location of melanocytic deposits, other cranial and/or
spinal abnormalities (posterior fossa cysts, hydrocephalus,
spinal cord tethering, others), need for and type of surgical
intervention, duration of follow-up, and clinical status at most
recent evaluation. Institutional review board approval was
obtained prior to data collection.
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Results

Five children met the criteria for NCM at our institution over a
12-year period. All children were male. At present, four
children are alive; one child died from progression of his
disease. Age at diagnosis ranged from birth to 5 years. All
children displayed multifocal melanocytic deposits on neuro-
imaging; the child who died had diffuse leptomeningeal in-
volvement throughout his brain and spinal cord, while one
other child also has diffuse involvement. Follow-up ranged
from 18 months to 14 years. Clinical features of the five
children are summarized in Table 1.

Regions of intracranial involvement included the thalamus,
cerebellar hemispheres, pons, and deep mesial structures,
including the amygdala. A supratentorial arachnoid cyst was
present in one child, and one child had a retrocerebellar cyst.
Two children had evidence of hydrocephalus requiring place-
ment of a ventriculoperitoneal shunt.

Apart from the melanocytic deposits, one or more addi-
tional spinal abnormalities were identified in all children. Two
children had evidence of cervicothoracic arachnoid cysts and
diffuse spinal leptomeningeal involvement. One child had
scoliosis that required surgical correction. Three children
had a low-lying conus medullaris, and two of these were
accompanied by lipomatous infiltration of the filum terminale.

At the time of initial diagnosis, three children were symptom-
atic. One child was born with hydrocephalus and suffered from
the progressive loss of neurologic function and pain throughout
his life secondary to the diffuse and aggressive nature of his
disease. A second child presented at age 2.5 years with symp-
toms of myelopathy related to extensive spinal involvement and
syringomyelia. A third child presented with developmental delay
and scoliosis. Two children remain asymptomatic at present.

Of the cohort, four children required surgical intervention
for a neurologic problem. One child required treatment of
hydrocephalus with fenestration of a posterior fossa cyst and
placement of a ventriculoperitoneal shunt. Another child
underwent surgical biopsy of a diffuse intradural,
extramedullary spinal abnormality causing syringomyelia.
One child underwent orthopedic instrumentation for correc-
tion of scoliosis. Another child underwent prophylactic re-
lease of an asymptomatic TC. Of the four children who are
alive, two are neurologically and developmentally normal,
one child is delayed and also carries the diagnosis of autism,
and one child has a seizure disorder controlled on medication.

Case series

Case one

A full-term male infant was noted to have multiple CMNs,
including diffuse, large lesions located below the nipple line
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Table 1 Clinical features of patients with NCM

Follow-up

Surgical intervention

TC  Position of conus

Spinal findings

Intracranial findings

Sex Age at

Age

Patient

medullaris

presentation

Deceased

L3-L4 interspace - Posterior fossa cyst fenestration
- VPS

Yes

- Arachnoid cyst (thoracic)
- Filum terminale lipoma

- Deposits: amygdala, pons, medulla,

Birth

17m M

optic tracts and chiasm, B frontal,

parietal, and cerebellum

- HCP

- Epilepsy

- VPS

L3 body

- Arachnoid cyst (ventral, C4-T2)  Yes

- Holocord syrinx

- Deposits: pons

2.5

11y

- R foot drop

- Laminotomies for biopsy and

- Dandy-Walker variant

- HCP

fenestration of syrinx

- Clumping cauda equina

- Enhancement R L4 nerve root

Scoliosis

Mild developmental

Scoliosis correction

L1

No

Deposits: R hippocampus, L thalamus

Birth

M

17y

delay

Asymptomatic

TCR

L3

Yes

Filum terminale lipoma

Deposits: R amygdala, L cerebellum

Sm

2y

Asymptomatic

L1-L2 interspace  None

No

Enhancement around

- Deposits: medulla, R amygdale,

Sm

16m M

conus medullaris

R cerebellum,
- Retrocerebellar cyst

y years, m months, M male, HCP hydrocephalus, B bilateral, 7C tethered cord, VPS ventriculoperitoneal shunt, TCR tethered cord release

on the dorsum of the trunk (Fig. 1). He had an uncomplicated
prenatal course. An MRI of the brain and total spine per-
formed on day of life (DOL) 7 demonstrated T1
hyperintense/T2 hypointense abnormalities of the amygdala,
bilateral optic tracts, optic chiasm, anterior pons, inferior
medulla, and bilateral cerebellar hemispheres. Thin rims of
melanin at the cortical surface of the bilateral frontal and
parietal lobes were noted. The child had a mega cisterna
magna and enlarged ventricles (Fig. 2). Spinal MRI showed
a thoracic arachnoid cyst (Fig. 3), and the conus medullaris
positioned at the inferior aspect of the L2 vertebral body.

This child underwent open surgical fenestration of his
posterior fossa cyst on DOL 36, and placement of a
ventriculoperitoneal shunt (VPS) for persistent
ventriculomegaly on DOL 41. He suffered rapid clinical pro-
gression of his disease. An MRI obtained at 3 months of age
revealed a thickened, fat-infiltrated filum terminale, with the
conus medullaris positioned at the L2—-L3 interspace. At
8 months of age, the conus medullaris was positioned at the
L3-L4 interspace with increased thickening of the filum
terminale and a significant increase in leptomeningeal en-
hancement. Given the rapid and debilitating nature of his
NCM, the family decided not to pursue TC release.

At 15 months of age, he presented with 5 days of paraple-
gia and refractory pain. Neuroaxis imaging revealed complete
effacement of the intracranial subarachnoid space. There was
radiographic progression of his spinal disease with diffuse
deposits filling the thecal sac, with evidence of hemorrhage
and spinal cord compression. At 17 months, the family elected
to offer the child palliative care, and he died shortly thereafter.
Autopsy showed multiple metastases. A detailed description
of the genetic, histological, and other biological features is
underway (manuscript in preparation).

Case two

A full-term male infant was noted at birth to have multiple
CMN s after an uncomplicated prenatal course. On DOL 1, the
child underwent an MRI of the brain and total spine which
showed a Dandy-Walker variant, hydrocephalus, and a ponti-
ne T1 hyperintense/T2 hypointense lesion. No enhancement
was noted. The conus medullaris was positioned at the inferior
portion of the L2 vertebral body; no other spinal abnormalities
were noted.

On DOL 2, the patient underwent placement of a frontal
VPS. He manifested seizure activity post-operatively as evi-
dent by limb shaking. This was confirmed with EEG, and anti-
epileptic medication (phenobarbital) was initiated. The sei-
zures were easily controlled on oral agents. At 2.5 years of
age, he developed right leg weakness and a foot drop. A repeat
MRI of the neuroaxis revealed no change in the brain lesion,
but the interval development of an arachnoid cyst ventral to
the cord from C4 to T2, a syrinx in the low thoracic spinal cord
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Fig. 1 Multiple CMNs,
including diffuse, large lesions
located below the nipple line on
the dorsum of the trunk

extending to the conus medullaris, clumping of the cauda
equina, and enhancement of the right L4 nerve root. The
conus medullaris now terminated at the level of the L3 verte-
bral body (Fig. 4). He was taken to the operating room and
underwent osteoplastic laminotomies for biopsy of the en-
hancing lesions and fenestration of the syrinx into the sub-
arachnoid space. The pathology revealed well-differentiated
melanocytes (staining positive for S-100 and HMB-45), with
a Ki-67 index of <3 %.

At 10 years of age, the patient developed severe lower back
pain with a radicular component into both lower extremities.
MRI showed an increase in the size of the holocord septated
syrinx. He was started on gabapentin for neuropathic pain, as
well as sorafenib. Within a few weeks, his pain improved
significantly and he tolerated weaning of gabapentin. Six
months later, MRI showed a significant decrease in the size
of the syrinx. The patient is 11 years old at present and has a
mild right foot drop, which is improving with physical
therapy.

Case three

A full-term male infant was documented at birth to have CMN
covering more than 50 % of the body surface. He was large for
gestational age, with an otherwise uncomplicated prenatal

Fig. 2 Coronal T1-weighted
MRI (/eft) showing signal
abnormality in the cerebellar
hemispheres and sagittal T2-
weighted MRI (right)
demonstrating posterior fossa cyst
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course. On DOL 4, MRI of the brain showed enhancement
of the right hippocampus without other abnormalities, and
spine imaging was found to be normal.

The child was subsequently diagnosed with developmental
delay and autism by a pediatric neurologist. He was found to
have severe scoliosis and required surgical correction at age
10 years. Spinal imaging showed a conus medullaris posi-
tioned at L1, without fatty infiltration of the filum terminale,
syrinx, or arachnoid cyst. His scoliosis was hypothesized to be
secondary to extensive dermal scarring from multiple cutane-
ous excisions of nevi and skin grafting.

The child received serial imaging over the next 5 years of
life, without evidence of radiographic progression. At age 15,
brain imaging showed a new area of enhancement in the left
thalamic region; this has remained stable over the last
1.5 years, and the child has no clinical sequelae.

Case four

A male twin was noted at birth to have multiple CMN. His
initial MRI was performed at 5 months of age and revealed
enhancing lesions in the right amygdala and left cerebellar
hemisphere. The conus medullaris terminated at the level of
L3, with lipomatous infiltration of the filum terminale (Fig. 5).




Childs Nerv Syst (2015) 31:115-121

119

Fig. 3 Cervicothoracic T2-weighted MRI showing an arachnoid cyst
dorsal to the spinal cord

The child underwent neurosurgical evaluation for the ra-
diographic TC, and the parents requested prophylactic release
of the TC. This was performed without complication at
18 months of age. At the time of surgery, the child had no
neurological sequelae secondary to tethering and could am-
bulate well but was not yet toilet-trained.

Further imaging to date has shown no progression of the
intracranial lesions. The patient is 25 months old at present
and without neurologic deficit.

Case five

A male infant was born at home and noted by his parents to
have CMN at birth. The parents brought the child to medical
attention because a close relative had been diagnosed with
CMN. The family requested an MRI for the evaluation of
NCM. An MRI of the brain and spine performed at 5 months

Fig. 4 T2-weighted sagittal (/eff)
and axial (right) thoracolumbar
MRI showing low-lying conus
medullaris

Fig. 5 T2-weighted sagittal (left) MRI showing low-lying conus
medullaris and T1-weighted axial (righf) MRI showing fatty infiltration
of filum terminale

of age revealed enhancing lesions of the right amygdala and
right cerebellar hemisphere, a retrocerebellar cyst without
hydrocephalus, and enhancement of the leptomeninges sur-
rounding the conus medullaris. The conus medullaris was
positioned at the L1-2 interspace.

The patient is 16 months old at present and remains asymp-
tomatic. Interval imaging at 10 and 16 months of age has
revealed no radiographic progression of disease.

Discussion

NCM is a rare, congenital, non-hereditary syndrome, believed
to be the result of faulty embryonic neuroectodermal migra-
tion. Giant (defined as >20 cm in adults and, in infants and
neonates, >9 cm diameter on the head and 6 cm on the body)
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or multiple CMNs are required for the diagnosis of NCM. Age
at initial presentation can vary, and while most cases are
associated with cutaneous melanocytic deposits at birth, the
disease can manifest throughout childhood and, rarely, in
adulthood. The clinical course of NCM is also highly variable,
as is evident in our cohort, ranging from those who are
asymptomatic long-term survivors to those with a rapid course
and death in infancy or early childhood [7].

Clinical features of NCM include dermatologic and neuro-
logic manifestations. Two thirds of patients with NCM have
large congenital nevi and one third have multiple, but no giant,
nevi (defined as three or more lesions) [22, 29]. Children with
large or multiple congenital nevi at highest risk for NCM have
nevi located in the head and neck regions or over the thoracic
spine [22, 29]. Melanocytic deposition in the central nervous
system most commonly affects the mesial temporal structures,
amygdala, cerebellum, and pons, and up to 20 % of patients
have spinal involvement, including leptomeningeal thicken-
ing, arachnoiditis, and syringomyelia [13, 10, 31, 4].

The risk of developing symptomatic manifestations of
NCM has not been fully elucidated. Previously, patients with
NCM brought to medical attention were biased towards those
children with neurologic symptoms. Retrospective reviews
have suggested the incidence of symptomatic NCM, based
on large cohorts of patients with CMN, to range from 2.5—
11.4 %[5, 9]. Symptoms of NCM usually manifest before the
age of 2 and include headache, focal seizures, developmental
delay, intracranial hemorrhage, cranial neuropathy, and mye-
lopathy or radiculopathy [31, 3]. It is reported that nearly two
thirds of children develop hydrocephalus and symptoms sec-
ondary to elevated intracranial pressure [21, 29].

TC describes the clinical condition resulting from pathologic
tissue attachments that limit movement of the spinal cord, often
associated with an abnormally short and/or thickened filum
terminale [18, 1, 17]. TC can occur as a result of congenital or
acquired conditions, including myelomeningocele (MM),
lipomyelomeningocele, split cord malformation, dermal sinus
tract, tight filum terminale, spinal lipoma, neurentic cyst, and
others. Non-congenital causes include postsurgical scar, most
commonly after MM repair; infectious or traumatic injuries can
also result in tethering [12, 1, 17]. TC is often diagnosed by the
presence of a low-lying conus medullaris, defined as a conus
medullaris terminating below the L2 vertebral body. Importantly,
the conus medullaris relatively ascends within the spinal canal to
its final adult position at L2 by 3—4 months of age [17], and not
all TCs are associated with a low-lying conus medullaris [35, 36,
16].

To date, there is only one mention of TC in a child with
NCM in the literature [13]. In a series of 11 children with
NCM who underwent MRI of the spine, Foster and colleagues
report one child (an incidence of 9 %) with radiographic
findings of TC, but do not mention subsequent management.
The authors advocated that all infants with a giant nevus
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involving the lumbosacral region undergo a spinal MRI.
While our series is small, there was a high association between
NCM and TC, with three of five children showing evidence of
tethering. From an embryological standpoint, this association
is plausible. It is believed that NCM is a failure of proper
migration of neural crest cells [22, 32], and TC is a failure of
secondary neurulation [17]. Broadly, both entities likely rep-
resent a failure of normal neurocutaneous morphogenesis.

Of note, the child in our series who underwent release of
his TC was asymptomatic and neurologically normal. The role
of surgery in asymptomatic patients with radiographic tether-
ing remains unclear [8, 26, 30, 28, 27]. At our institution,
release of radiographic tethering in asymptomatic children is
offered if the children have multiple radiographic findings
(low-lying conus medullaris, filum terminale lipoma, syrinx).

Before the introduction of MRI, it was known that spinal
leptomeningeal involvement in NCM could lead to spinal cord
damage and myelopathy, as evident at surgery and autopsy [11].
Nearly all recent series of patients with NCM advocate early
MRI of the neuroaxis, and the non-invasive diagnosis of NCM
cannot be made without such imaging. Humphreys recommend-
ed MRI in patients with large or medium-sized lumbosacral nevi
[20]. A recent study by Ramaswamy and colleagues recom-
mended baseline imaging within the first year of life for children
with possible NCM [32]. This recommendation was based on the
high incidence of spinal arachnoid cysts and cerebral parenchy-
mal deposits. The authors advocated imaging in the first 4 months
of life because of the possibility that myelination may obscure
melanin deposits. Again, given the high association with TC in
our series and the fact that the conus medullaris does not assume
its final position until about 3 months of age, we support imaging
of the complete neuroaxis at 3—4 months of age in the absence of
symptoms of hydrocephalus or focal neurologic deficit. The one
other report of TC in association with NCM in the literature [13]
described a child with a large cutaneous nevus in the region of
the lumbar spine. While cutaneous stigmata can be a hallmark of
an underlying neural tube abnormality such as TC, large lumbo-
sacral nevi were not present in each child with TC in our series;
therefore, we recommend screening imaging on children with
possible NCM regardless of the locations of CMN.
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