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Menkes Kinky Hair Disease:

Characteristic MR Angiographic Findings

David S. Jacobs,' Alison S. Smith,' Daniel A. Finelli,! Charles F. Lanzieri,' and Max Wiznitzer?

Summary: We report two cases of Menkes kinky hair disease
in which MR and MR angiography were performed. The clinical
and imaging features are reviewed. MR demonstrated charac-
teristic cerebrovascular tortuousity and thus may be a valuable
aid in diagnosis and follow-up.

Index terms: Menkes syndrome; Magnetic resonance angiogra-
phy (MRA); Pediatric neuroradiology

Menkes kinky hair disease is a rare, X-linked
disorder manifested by mental retardation, ar-
rested motor development, seizures, and hypo-
thermia. The disorder was first described by
Menkes et al in 1962 (1). These infants usually
present with unexplained hypothermia, hypo-
tonia, and seizures with progressive neurologic
deterioration. Scalp hair is hypopigmented with
characteristic kinking and friability. Levels of cop-
per and ceruloplasmin (a copper transport en-
zyme) in serum are abnormally low (2). Abnormal
copper utilization is thought to be the underlying
defect. The diagnosis is sometimes delayed for
weeks to months because copper/ceruloplasmin
levels are normally low in the first few weeks of
life. In addition, the primary fetal hair may be
normal, so the hair abnormalities may not be
apparent early (3, 4).

Patient 1

This male patient was the product of a full-term delivery.
He was admitted to an outside hospital at 3 weeks of age
with prolonged tonic-clonic seizures. Magnetic resonance
(MR) showed minimal signal abnormality in the left sylvian
region. An electroencephalogram was abnormal, but basic
blood chemistries were unremarkable. At 5 months of age,
he was admitted to our hospital with a 3-day history of
excessive somnolence and poor eating. He was found to
be hypothermic and lethargic and had unusually coarse
hair. His complete blood count, blood chemistries, and

cerebrospinal fluid were all normal. He was treated for
presumed dehydration, hypothermia, and sepsis with min-
imal improvement. A neurologic consultation led to the
suspicion of Menkes kinky hair disease. Copper and ceru-
loplasmin levels in serum were 11 ug/dL (normal, 70 to
125 pg/dL) and <1 mg/dL (normal, 18 to 45 mg/dL),
respectively, confirming the diagnosis. Copper histidine
therapy was started but was given sporadically because of
poor parental compliance. At 18 months of age, he pre-
sented with increasing seizure activity. MR was performed
and showed severe cerebral and cerebellar atrophy, dif-
fusely deficient myelinization, and bilateral subdural fluid
collections (Fig. 1A-1C). MR angiography (MRA) was
done. It demonstrated bizarre, tortuous intracranial
arteries (Fig. 1D and 1E).

Patient 2

This male child was the product of a normal delivery
and had an unremarkable neonatal course. At 2 months of
age, he was admitted to an outside hospital because of
somnolence, weight loss, and dehydration. He was hypo-
thermic and hypotonic, with unusually coarse hair. An
extensive evaluation revealed abnormally low copper and
ceruloplasmin levels, resulting in a diagnosis of Menkes
kinky hair disease. He was placed on copper histidine
therapy. His course was complicated by subsequent gen-
eralized seizures. He later required numerous hospital ad-
missions for dehydration and sepsis. At 10.5 months of
age, he was admitted to the hospital with severe diarrhea,
poor skin turgor, and fever and was treated for dehydration
and sepsis. Because of his increasing lethargy and seizures,
MR was performed; it showed moderate cerebral and cer-
ebellar atrophy and deficient myelinization, particularly in
the centrum semiovale, the anterior and posterior periven-
tricular white matter, and the internal capsules. MRA was
also done for evaluation of the arteriopathy and showed
marked tortuosity of the major intracranial arteries (Fig. 2).
The patient did well after hydration and antibiotic therapy
and was released. At 4 years of age, he functions at the
level of a 3 month old.
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Fig. 1. Eighteen-month-old boy with Menkes disease.
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A and B, Sagittal and axial T1-weighted images show diffuse cerebral and cerebellar atrophy. Bilateral subdural collections (arrows)

are present.

C, Axial T2-weighted image shows deficient myelinization in the small amount of white matter that is present (arrows).
D and E, Axial and coronal MRA (three-dimensional fast imaging with steady precession time of flight 13/35/8 [TR/TE/excitations])

show markedly tortuous intracranial arteries (arrows).

Discussion

Children with Menkes disease cannot absorb
orally administered copper properly. The copper
that is present in the body is maldistributed,
abnormally low in some tissues and elevated in
others. On the basis of these findings, an abnor-
mality of copper transport through cellular com-
partments is postulated, although the exact de-
fect has not been elucidated. The copper trans-
port and storage abnormality results in several
important cerebrovascular findings. Extensive
gray and associated white matter loss occurs; the
cerebellar Purkinje fibers are especially affected
(5, 6). Diffuse myelin deficiency is an associated
finding. Subdural hematomas and hygromas oc-
cur frequently, presumably as the result of shear-

ing of the bridging cortical veins as atrophy pro-
gresses.

One striking finding in children with Menkes
disease is bizarre elongation and tortuosity of the
intracranial vasculature. Microscopically, distor-
tion of arteries and variation in wall thickness are
found. Systemic arteries show extensive frag-
mentation, beading, and splitting. Intimal hyper-
plasia occurs, and abnormal elastic fibers form
within the intima (2). These changes in elasticity
are presumably the cause of vascular stretching
and dilation—findings that have been described
on angiography (7, 8) and on spin-echo MR (9-
12) but not, to our knowledge, on MRA.

Cerebral atrophy and extracerebral collections
are fairly nonspecific findings that can be seen in
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Fig. 2. Ten-and-a-half month old with Menkes disease.
A, coronal T1-weighted MR shows moderate global atrophy.

AJNR: 14, September/October 1993

B, axial T2-weighted MR demonstrates deficient myelinization in the white matter (arrows).
C, axial MRA (three-dimensional fast imaging with steady precession time-of-flight 15/40) shows tortuous anterior (closed arrows)

and middle (open arrows) cerebral arteries.

numerous conditions, including inherited meta-
bolic disorders (13), postmeningitis/encephalitis,
and child abuse. Extensive arterial tortuosity, in
combination with the above findings, however, is
characteristic for Menkes disease. These vascular
irregularities are more clearly demonstrated on
MRA than on spin-echo imaging. MRA thus be-
comes a valuable aid in the diagnosis of this
disorder. This becomes particularly important be-
cause the characteristic clinical and laboratory
features may not be present in the neonatal
period, and diagnosis may be delayed for weeks
to months.

Early work on the angiography of childhood
atrophy does not describe arterial tortuosity as a
feature (14). However, recent anedoctal (unpub-
lished) reports have indicated that arterial tor-
tuosity may, in fact, be a feature of a severe
atrophy. This could theoretically occur as vessels
are pulled and stretched as the brain shrinks. If
true, the specificity of this finding for Menkes
disease would be diminished. Clearly, MRA stud-
ies on other atrophy-producing pediatric entities,
such as the leukodystrophies, mucupolysacchar-
idoses, severe anoxic events, and Sturge-Weber
disease, would therefore be of interest.

MRA may also become important as a nonin-
vasive mode of following the progressive neuro-
vascular changes in this disease, particularly be-
cause serial standard angiography is not well
accepted by parents of young children. It has
been postulated that the cerebral atrophy and

myelin deficiency may be the result of the arter-
iopathy (13). The correlation of serial MRA with
progressive MR changes of atrophy and myelin
disease would therefore be of interest. As MRA
techniques improve, not only will the gross mor-
phology of the arteries be apparent, but more
subtle intimal changes will be detected.

In conclusion, MRA may be a useful adjunctive
diagnostic procedure in infants with unexplained
hyporthermia and progressive neurologic deteri-
oration. We believe that MRA may also be sub-
stituted for conventional angiography in demon-
strating the characteristic findings of Menkes dis-
ease.
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