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Imaging of Normal Leptomeningeal Melanin

Stephen S. Gebarski and Mila A. Blaivas

PURPOSE: To find the CT and MR characteristics of normal leptomeningeal melanin, which can be
macroscopically visible at autopsy in decedents with deeply pigmented skin. METHODS: For the
normal anatomic study, there were two black subjects who had had brain MR and CT within 12
months before autopsy that showed leptomeningeal melanin. For the normal imaging study, brain
MR was done on 74 patients (31 black), and CT in 24 of these 74 patients. RESULTS: In the normal
anatomic study, the pattern of T2-weighted hypointensities on the surface of the medulla oblongata
matched the histopathologic distribution of leptomeningeal melanin. A similar signal was seen in
28 of the 31 black patients in the normal imaging study. Such a signal was subtle, or entirely
absent, in the other patients. CT showed no reliable altered attenuation corresponding to the
histopathologic distribution of leptomeningeal melanin. CONCLUSION: Normal leptomeningeal
melanin is visible on MR as T2-weighted hypointensities along the surface of the medulla oblon-
gata. The signal changes can be profound and might simulate leptomeningeal diseases that
contain melanin or iron. This normal pigmentation should be taken into account before diagnosing
abnormalities in this region.
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Melanocytes are normally found in the lepto-
meninges, the number generally being propor-
tional to skin pigmentation (1–4). The density
of these cells increases markedly in the lepto-
meninges of the medulla oblongata and upper
cervical cord, where such pigmentation can be
visible to the naked eye on autopsy (1–4). Mag-
netic resonance (MR) imaging signal changes
attributable to melanin are variable but can be
profound (5–7). Computed tomographic (CT)
and MR imaging findings in meningeal diseases,
including melanin-containing entities, have
been reported (7–11). We designed a retrospec-
tive study to find the CT and MR imaging char-
acteristics of normal leptomeningeal melanin.

Patients and Methods
Our study consisted of two parts. First, the normal

anatomic study was an imaging and pathologic correlation
using premorbid imaging and autopsy material. Second,
the normal imaging study was a review of the clinical
records and imaging in patients with normal brain CT
and/or MR imaging.

Normal Anatomic Study

Autopsy and MR imaging records were searched to find
black persons who had premorbid CT and MR imaging
focused on the posterior fossa. Patients were selected if
they had this imaging within 12 months before autopsy,
which included examination of the brain. The stored brain
tissue was reviewed for the presence of leptomeningeal
melanin, selecting only those persons with leptomeningeal
melanin visible to the naked eye. The brain tissue of these
subjects was then subjected to macroscopic qualitative
examination to identify those portions of brain with the
most dense collections of leptomeningeal melanin. These
portions were sectioned and stained with hematoxylin-
eosin as well as Prussian blue. The remaining brain tissue
was not further studied. MR imaging and CT in these per-
sons was performed as described for our normal imaging
study, below.

Qualitative comparison was made of the gross speci-
mens, stained sections, MR imaging, and CT. We in-
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spected the leptomeninges shown on the CT and MR im-
ages for the previously reported imaging characteristics of
intracranial melanin (5–7): on precontrast CT, normal to
high attenuation compared with adjacent normal gray
matter; on precontrast T1-weighted MR imaging, isoin-
tense to hyperintense compared with adjacent normal
gray matter; and on T2-weighted MR imaging, isointense
to hypointense compared with adjacent normal gray
matter.

Normal Imaging Study

Using imaging records from the last 3 consecutive
years, we selected all patients undergoing MR imaging
focused on the posterior fossa. Clinical records on these
patients were then reviewed. Patients were excluded if they
had any of the following head, neck, or central nervous
system conditions: hearing loss, neoplasm, infection, in-
flammation, trauma, neurofibromatosis, or surgery. MR
imaging on this group was performed with a 1.5-T system
(Signa, General Electric Medical Systems, Milwaukee,
Wis) using a quadrature head coil. Spin-echo and/or fast
spin-echo sequences were used to provide a study focused
on the temporal bones and posterior fossa. These con-
sisted of the following sequences: 4- to 5-mm-thick T1-
weighted sagittal images, extending from one internal au-
ditory canal to the other (500–600/10–20/1 [repetition
time/echo time/excitations]) with a 256 3 128 matrix,
1-mm intersection gap, and 20-cm field of view; T2-
weighted (2500–5000/30–100/1) 5-mm-thick axial im-
ages extending at least from the foramen of Monro through
to the dens with a 1.0-mm intersection gap, 20-cm field of
view, 256 3 256 matrix, and first-order flow compensa-
tion; and 3-mm-thick axial T1-weighted images (500–
600/10–20/2) extending from the cavernous sinuses
through to the hypoglossal foramina with a 0.5-mm inter-
section gap, 20-cm field of view, and 256 3 192 matrix.
This axial sequence was performed before and immedi-
ately after the intravenous infusion of gadopentetate dime-
glumine at 0.1 mmol/kg. Some patients also had postcon-
trast sagittal imaging, identical in technique to the
precontrast sagittal sequence described above.

Some of these patients had also undergone temporal
bone CT. The CT was performed either with or without
intravenous contrast material on a General Electric 9800
unit; 1.5-mm-thick, 16-cm field-of-view images were ob-
tained of the temporal bones and posterior fossa centered
between the internal auditory canals. Although the entirety
of the temporal bones was not always included, imaging
from the cavernous sinuses through to the hypoglossal
canals was uniformly done. Soft-tissue and bone algo-
rithms were used.

The leptomeninges shown on these images were
searched for the above-described imaging characteristics
of intracranial melanin.

Results

Normal Anatomic Study

We found eight black subjects who had MR
and CT focused on the posterior fossa within 12
months before the autopsy. Only two of these
eight were found to have leptomeningeal mela-
nin visible to the naked eye. The first was a
59-year-old man whose cause of death was
sepsis. The second was a 79-year-old woman
whose cause of death was pulmonary emboli.
Macroscopically, leptomeningeal melanin ap-
peared most dense in the leptomeninges sur-
rounding the ventral portions of the medulla
oblongata. There were no medulla oblongata
abnormalities reported in the autopsy records.
Review of our gross and sectioned autopsy ma-
terial by a neuropathologist (M.B.) showed no
medulla oblongata abnormalities. Prussian blue
stain showed no iron in or around the medulla
oblongata (Figs 1 and 2).
The histopathology of both subjects showed

diffuse leptomeningeal melanin, most highly
concentrated in the ventral leptomeninges of
the medulla oblongata. This melanin was visible
macroscopically, becoming more dramatic on
stained section (Figs 1 and 2).
The indication for CT and MR imaging in both

subjects had been suspected cerebellar degen-
eration and hearing loss. They did not receive
contrast material for CT. CT and MR imaging
showed cerebellar atrophy, but the medulla ob-
longata was normal in both.
The distribution of regions of mild to moder-

ate hypointensity on T2-weighted images cor-
responded very well to the distribution of lepto-
meningeal melanin (compare Figs 1A with C
and 2A with C). In both subjects, there was
patchy high intensity in the leptomeninges of
the medulla oblongata on T1-weighted precon-
trast images. The distribution of this high inten-
sity corresponded poorly to the distribution of
leptomeningeal melanin (compare Figs 1A with
D and 2A with D). After gadopentetate dime-
glumine, neither patient showed pathologic
contrast enhancement in the leptomeninges.
CT demonstrated no convincing attenuation

changes corresponding to the distribution of
leptomeningeal melanin.

Normal Imaging Study

Our review of imaging and clinical records
found 74 qualifying subjects with ages ranging
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from 15 to 78 years. Twenty-four of these
74 subjects had also undergone CT focused
on the temporal bones and posterior fossa.
Three of these 24 CTs were performed without
intravenous contrast material; the remaining
21 were performed only with intravenous con-
trast material.
Thirty-one of the 74 patients were black. T2-

weighted hypointensities similar to those seen
in our normal anatomic study were seen in 28 of
the 31 black patients. Both spin-echo and fast
spin-echo T2-weighted sequences showed
these signal changes.
The degree of hypointensity varied in these

28 subjects. Data in the clinical record were not
adequate to assess the degree of skin pigmen-
tation in each person. However, the subject with
the most marked hypointensity (Fig 3A) had
visited the dermatology clinic for keloid treat-
ment 2 years before the MR imaging. The clinic
record described him as “a naturalized African
with very deeply pigmented skin.”
Similar T2-weighted hypointensity was sub-

tle, or entirely absent, in the remaining 46 sub-
jects. This 46-subject group was made up of 3
black subjects and 43 nonblack subjects. Al-
though subtle leptomeningeal hypointensity
was seen in 6 of these 46 subjects, the remain-
ing 40 had no such hypointensity. Clinical

records were not adequate to evaluate the de-
gree of skin pigmentation of all 6 subjects with
subtle hypointensity. However, records in 5 of
these 6 indicated that the patients were Asian,
Middle Eastern, Pakistani, or Indian.
Faint, spotty, precontrast T1-weighted hy-

perintensity was seen in the leptomeninges of
18 of the 31 black subjects, and in 26 of the 43
nonblack subjects. The distribution of this T1-
weighted hyperintensity corresponded poorly to
the distribution of their T2-weighted hypointen-
sity (compare Fig 3A with B).
Three of the 24 subjects undergoing CT were

studied without intravenous contrast material.
There were no precontrast attenuation changes
along the surface of the medulla oblongata in
these 3. No subject showed pathologic contrast
enhancement.

Discussion

Normal intracranial melanin occurs only in
two forms, neuromelanin and melanosomic
melanin (2). In both forms, the melanin itself
appears as granules. However, these granules
are different on the ultrastructural level. Mela-
nosomic or “true” melanin is the same type of
melanin as that seen in the skin and iris of the
eye. These melanin granules are confined to

Fig 1. Histopathologic analysis and MR
imaging of a 59-year-old black man from
our normal anatomic study.
A, Microscopic section of the medulla

oblongata stained with Prussian blue
(magnification, 3 5). Normal leptomenin-
geal melanin is visible as dark patches,
with a notable cluster in one area (arrow).
B, Microscopic section of the medulla

oblongata stained with hematoxylin-eosin
(magnification, 3 40). In this section, im-
mediately contiguous with that shown inA,
the cluster of dark melanin is dramatic;
some is deposited in large focal collections
(arrows).
C, Axial MR image (3000/90). Hypoin-

tensity is more marked along the ventral
medulla than the dorsal medulla. A focus
of more marked hypointensity (arrow)
corresponds with the location of the dense
leptomeningeal melanin collection shown
on the histopathologic sections above. In
this subject’s histopathologic study, lepto-
meningeal melanin was most concen-
trated in this single area.

D, Axial MR image (566/15). The distribution of hyperintensity along the surface of the medulla corresponds poorly to the histopathologic
distribution of leptomeningeal melanin.
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melanosomes within melanocytes. Neuromela-
nin, on the other hand, presents as scattered
intraneuronal inclusions of granular melanin not
contained in melanosomes. The distribution of
these two types of melanin is different. Neu-
romelanin is generally confined to certain
groups of neurons including the zona compacta
of the substantia nigra, locus ceruleus, dorsal
motor nucleus of the vagus, tegmentum of the
brain stem, and scattered neurons in the roof of
the fourth ventricle. Melanosomic melanin is
normally found only in the leptomeninges,
where it is contained by melanocytes. These
melanocytes are usually most concentrated in
the leptomeninges over the ventral aspect of the
medulla oblongata (1–4). In this location, the
pigmentation is often visible macroscopically.
As with all melanocytes, these cells are of neu-
ral crest origin, developing from normal mela-
noblasts (4).
Numerous intracranial pathologic entities con-

tain melanin, the most common of which is met-
astatic melanoma (5). However, resident lepto-
meningeal melanocytes are believed to be
responsible for the development of other less-
common pathologic conditions such as neurocu-
taneous melanosis, meningeal melanocytoma,

and primary meningeal melanoma (1, 3, 4, 7).
The neoplastic nature of these three entities is
agreed on, with neurocutaneous melanosis and
meningeal melanoma behaving in a malignant
fashion. Primary meningeal melanocytoma, a
rare lesion, can be remarkably benign, as evi-
denced by clinical behavior and histologic fea-
tures, including absence of necrosis and lack of
mitotic activity (4, 7).
The normal and abnormal distribution of in-

tracranial melanin is well known in the patho-
logic literature (1–4). However, the imaging lit-
erature is restricted to studies of neoplastic
entities (5–7). Of all of the leptomeninges-
based melanin-containing entities reported in
the imaging literature, benign meningeal mela-
nocytoma may be expected to show imaging
characteristics most similar to normal lepto-
meningeal melanin.
In our normal anatomic study, we found that

the distribution of T2-weighted hypointensity
showed good correspondence to the his-
topathologic distribution of normal leptomenin-
geal melanin. This was supported by findings
from our normal imaging study, which showed
similar hypointensity in 28 of the 31 black sub-
jects, but less convincing hypointensity, or no

Fig 2. Histopathology and MR imaging of
a 79-year-old black woman from our normal
anatomic study.

A, Microscopic section of the medulla ob-
longata stained with Prussian blue (magnifi-
cation, 3 10). Normal leptomeningeal mela-
nin is visible as dark patches, some fairly
large (arrows). In this subject, these patches
were distributed more densely along the left
side of the ventral medulla oblongata than
the right.

B, Microscopic section of the medulla ob-
longata stained with hematoxylin-eosin
(magnification, 3 20). This section is contig-
uous with the section displayed in A and
shows a particularly dense collection of the
dark melanin granules along the superior as-
pect of the left side of the ventral medulla
(arrows).

C, Axial MR image (4000/100). Hypoin-
tensity is most marked on the ventral surface
of the medulla oblongata, especially along
the left side superiorly and medially (arrow).
This distribution of hypointensity corre-
sponds well to the histopathologic distribu-
tion of leptomeningeal melanin.

D, Axial MR image (600/11). No corre-
sponding accentuation of hyperintensity
along the ventral surface of the medulla.
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such hypointensity, in the 43 nonblack sub-
jects. In both our normal anatomic and our nor-
mal imaging studies, only faint, spotty, precon-
trast T1-weighted hyperintensity was seen. In
our normal anatomic study, this hyperintensity
corresponded poorly to the histopathologic dis-
tribution of normal leptomeningeal melanin.
These findings suggest that the T2-weighted hy-
pointensity is caused, at least in part, by normal
leptomeningeal melanin, whereas the T1-
weighted hyperintensity is probably caused by
factors other than normal leptomeningeal
melanin.
It has been shown that the paramagnetic ef-

fects of intracranial melanin are attributable to
melanin itself, not complexes of melanin with
iron or other paramagnetic ions (6). Though
profound precontrast T1-weighted hyperinten-
sity is known in intracranial nonhemorrhagic
melanotic melanoma (5, 6), this hyperintensity
is not a feature of meningeal melanocytoma
(7). Meningeal melanocytoma has been re-
ported to show precontrast T1-weighted signal,
which is isointense compared with the adjacent

medulla oblongata (7). Nonhemorrhagic meta-
static melanotic melanoma shows an isointense
to mildly hypointense appearance compared
with normal brain on T2-weighted images (5,
6). But meningeal melanocytoma has been re-
ported to show T2-weighted signal that is more
frankly hypointense compared with the adja-
cent normal brain (7). The lack of preferential
T2 shortening in metastatic melanomas has
been explained by the presence of both intra-
cellular and extracellular melanin, which could
sufficiently reduce susceptibility gradients,
thereby reducing the degree of T2 shortening
(5). Normal leptomeningeal melanin is entirely
contained within melanosomes, which are en-
tirely contained by melanocytes. This storage
pattern is similar to hemosiderin, which is
mainly sequestered in macrophage lysosomes.
Hemosiderin is known to cause preferential T2
shortening (5).
We found no CT attenuation alterations cor-

responding to the distribution of normal lepto-
meningeal melanin. Meningeal melanocytoma
has been reported to show marked high atten-
uation (7), but the reported melanocytoma was
a large mass. The relatively small amounts of
normal leptomeningeal melanin are probably
inadequate to change electron density enough
to be demonstrated on routine CT.
We are mindful that some of the signal

changes that we describe may be artifactual or
attributable to materials other than leptomenin-
geal melanin. In fact, much of the T1-weighted
hyperintensity is probably caused by a flow ar-
tifact from cerebrospinal fluid and the numerous
small vessels in the leptomeninges around the
medulla oblongata. Flow, magnetic susceptibil-
ity, and chemical-shift artifacts may play a role
in the generation of the T2-weighted hypointen-
sities along the surface of the medulla oblon-
gata in our patients. Fast spin-echo sequences,
lower-field-strength MR units, and shorter-
repetition-time spin-echo sequences would
be expected to be less sensitive to magnetic
susceptibility effects than conventional long-
repetition-time spin-echo sequences (11).
However, on our 1.5-T long-repetition-time im-
ages, we found hypointensity around the me-
dulla oblongata on both conventional spin-echo
(Fig 1C) and fast spin-echo (Figs 2C and 3A)
T2-weighted sequences. Signal changes similar
to ours have been reported from intracranial
iron (6). Prussian blue–stained sections of our
specimens showed no iron (Figs 1A and 2A).

Fig 3. MR Imaging from a subject in our normal imaging
study.

A, Axial MR image (4000/100). This was the most profound
medulla oblongata hypointensity (arrows) that we found in our
study. This subject has very deeply pigmented skin.

B, Axial MR image (566/11). Poor correspondence of the
distribution of T1-weighted hyperintensity to the distribution of
T2-weighted hypointensity.
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Some of our subjects demonstrated quite
frank T2-weighted hypointensities (Figs 1C and
2C), with one subject showing profound hypoin-
tensity (Fig 3A). Such profound signal alter-
ations from normal leptomeningeal melanin
could simulate diffuse leptomeningeal diseases
that contain melanin or iron, especially lepto-
meningeal melanosis or siderosis (11). Fortu-
nately, the leptomeningeal T2-weighted hy-
pointensity of melanosis or siderosis is usually
thicker and more extensive than that of normal
leptomeningeal melanin, and siderosis is often
caused by a known prior intracranial hemor-
rhage, many times a hemorrhagic ependy-
moma (11). If a question does arise, however,
correlation with the degree of skin pigmentation
in the subject, and the absence of any other
pathologic leptomeningeal MR imaging charac-
teristic, should resolve the issue. MR imaging
findings in all other leptomeningeal diseases,
such as inflammation, infection, or metastatic
neoplasm, can usually be differentiated from
the signal changes of normal leptomeningeal
melanin. This is because these other leptomen-
ingeal diseases almost always result in patho-
logic contrast enhancement, thickening, nodu-
larity, or even frank mass, none of which were
present in our subjects (8–11).
Normal leptomeningeal melanin is visible on

MR imaging as T2-weighted hypointensities
along the surface of the medulla oblongata. The
signal changes from this pigment are often sub-
tle but can be dramatic. The potential for signal

alterations caused by normal leptomeningeal
melanin should be taken into account before
diagnosing abnormalities in this region.
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