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= Abstract =Cerebrotendinous xanthomatosis(CTX), a rare lipid storage disease with diverse
neurologic manifestations has, to our knowledge, never been reported in Korea. The authors
recently saw two Korean brothers with typical CTX. In the elder one, the clinical presentation
included childhood epilepsy, dementia, cataracts, spastic ataxia, and multiple tendon tumefac-
tion in chronological order. In the younger one, dementia, spastic ataxia, and distal muscle
atrophy were more pronounced, but tendon enlargement was mild and lenses were intact. In
both patients, electroencephalograms, brain CT scans, and MRI scans showed various abnor-
malities indicating diffuse central nervous system lesions more marked on the cerebellum.
Nerve conduction velocity studies revealed peripheral neuropathies. Evoked potential studies
were also abnormal, indicating central as well as peripheral conduction defects. Pathologically,
the essential features of Achilles tendon biopsies were scattered cholesterol clefts, xanthoma
cells, and surrounding granulomatous lesions representing foreign body reactions. The ther-

apeutic response of chenodeoxycholic acid medication was not remarkable.
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INTRODUCTION

Cerebrotendinous xanthomatosis (CTX) is a rare,
but well defined recessively inherited disease char-
acterized by xanthomatous deposits in various
organs including large tendon, lung, heart, lens,
and cerebral white matter. The major clinical fea-
tures include tendon xanthomas, cataracts, demen-
tia, pyramidal paresis, and cerebellar ataxia
(Schimschock et al. 1968; Menkes 1975).

Although Schneider (1936) reported the first
case of a mentally defective middle aged man, the
credit for the first description is generally given to
Van Bogaert and his colleagues who more clearly
elucidated the clinical and pathological aspects of
this disorder.

In 1968, elevated tissue and serum cholestanol
(5a-cholestan-3b-o0l) levels were detected by
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Menkes and his co-workers. Subsequently, a de-
fect of bile salt production was claimed as a basic
mechanism in the pathogenesis, and the deficient
enzyme has been sought for in recent investiga-
tions (Salen 1971; Setoguchi et al. 1974; Salen et
al. 1979; Oftebro et al. 1980). ’

The abnormalities of brain CT (Berginer et al.
1981) and MRI (Swanson and Cromwell 1986)
findings were also described recently.

Until 1984, probably less than 30 cases had
appeared in the literature (Greenwood et al. 1984).
The rarity of this disoder prompted us to report fol-
lowing two Korean siblings with clinically and
pathologically documented CTX.

CASE REPORTS

Case 1 A 26 — year — old Korean male was
admitted to Seoul National University Hospital be-
cause of recurrent seizures associated with prog-
ressive mental retardation. His younger brother had



Fig. 1. (patient 1). Both feet show hard, non-tender,
massively enlarged Achilles tendons as well as
pes cavus deformities.

a similar disease; his parents and two sisters were
said to be in good health.

He was born healthy, and vaccinated as sche-
duled. He had grown up well until age 5 when a
generalized seizure first occurred and recurred in-
termittently thereafter. His mental development
worsened so that he needed to attend a special

class for the mentally retarded. At age 12, catar-
acts were noted in both eyes; the vision progres-
sively worsened. By age 21, he was markedly de-
mented and dysarthric. His gait became ataxic. At
that time his parents noticed enlarged Achilles ten-
dons on both ankles.

Physical examination- The patient looked dull
and apathetic. The scalp hair and eyebrows were
thick and coarse. Facial acnes were present on the

forehead. There were no murmurs or arrhythmias
heard in the chest. The liver and spleen were not
palpable. There was firm, massive enlargement of
both Achilles tendons (Fig. 1). Mild pes cavus de-
formities were also noticed. The tendons of triceps
and palmaris longus muscles were also swollen.

Neurological examination- The patient was
oriented, but was dementic; he had considerable
difficulty with simple calculation and interpretation
of proverbs. The name of the current Korean presi-
dent was correctly identified, but his general fund
of knowledge was quite limited. He was severely
dysarthric, and the speech was frequently inter-
rupted with long pauses. There were cataracts in
both eyes. Visual acuity was 0.1 (right) and 0.04
(left). Ocular movements were full- ranged and
conjugate. Other cranial nerves were generally in-
tact, but rapid tongue movement was awkward.
Muscle strength was normal, but distal muscles
seemed to be slightly atrophic. Sensory perception
including position and vibration senses was within
normal limits. Deep tendon reflexes were brisk and
symmetrical; pathologic reflexes were not elicited.
The gait was broad-based and mildly ataxic. Fing-
er-to-nose and heel-to-shin tests demonstrated
symmetrical dysmetria of moderate degree.

Laboratory studies- Routine laboratory studies in-
cluding blood cell count, urine analysis, liver func-
tion tests, serum electrolytes, calcium, phosphor-
ous, blood glucose, blood urea nitrogen were all
within the normal range. Serum VDRL, hepatitis B
surface antigen, antinuclear antibody, rheumatoid
factor were all negative. Serum cholesterol and trig-
lyceride levels were within the normal range (195
mg/dl, 126 mg/dl respectively). EKG, chest X-ray,
and skull films were normal. Roentgenograms of
his ankles showed soft tissue mass densities in the
region of the Achilles tendons. An elec-
troencephalogram demonstrated marked abnormal-
ity due to nearly continuous high voltage irregular
slow waves in all leads. Several medium voltage
isolated spikes were seen on the left temporopariet-
al region. A brain CT scan showed a suspicious low
density in the cerebellum, which was more definite-
ly demonstrated by an MRI scan (Fig. 2,3).

Nerve conduction velocities were mildly slowed
(32-36 m/sec), and F-wave latencies were pro-
longed bilaterally in posterior tibial and peroneal
nerves. The amplitudes of compound muscle ac-
tion potentials were also moderately decreased.
There were no such changes in the nerves of the



Fig. 2. (patient 1). The CT scan shows hypodense lesions
in the cerebellum around the 4th ventricle.

upper extremites, and in sural nerves, the conduc-
tion velocities were borderline. Evoked potential
studies also revealed various abnormalities. In
short, brainstem auditory evoked responses
showed delayed absolute latencies of wave lil, 1V,
V, and prolonged I-Ill and |-V interpeak latencies
on left ear stimulation, and delayed absolute laten-
cies of all five waves and prolonged I-1ll and |-V
interpeak latencies on right ear stimulation. The
median nerve somatosensory evoked potenstials
showed delayed potentials recorded in ipsilateral
Erb’s point, C5, and contralateral sensory cortex in
both right and left median nerve stimulations. Pat-
tern reversal visual evoked potentials were not per-
formed because of the markedly decreased visual
acuity.

Pathological examination- Under the local anes-
thesia, excision biopsy was undertaken on the left
Achilles tendon. Grossly, the tendon was thick-
ened, lobulated, and was yellowish-white. Micros-
copic examination revealed a dense accumulation
of narrow crystalline clefts with granulomatous le-
sions that contained many large mononulear celis
with foamy cytoplasm and mutinucleated giant
cells. The clefts appeared to be scattered in clus-
ters throughout the section without any specific re-
lation to blood vessles (Fig. 4,5,6).

Case 2- This 24-year-old male patient was the
younger brother of the first patient. He suffered
from repeated seizures since age 5, and had exhi-
bited an arrest of intellectual development since

Fig. 3. (patient 1). A T2 weighted MRI reveals
definite high-intensity signals in the cerebellar
white matter (arrowheads).

then. At age 19, walking difficulty developed and
progressively worsened. At age 23, he was con-
fined to a wheelchair because of severe ataxia and
paraparesis.

On admission, he was more dementic and more
dysarthric than his brother. He rarely spoke even if
repeatedly addressed. He did not have cataracts;
the visual acuity seemed to be normal. The lower
legs were atrophied and muscle strength seemed

decreased. Reliable sensory examination was im-
possible due to the patient’s poor cooperation. He
had more severe pes cavus defomity and had
some degree of scoliosis in the back. The Achilles
tendons were thick, but to a lesser degree than his
brother's. Deep tendon reflexes were quite brisk;
extensor toe signs were elicited bilaterally. Occa-
sional coarse tremor of 4 to 5 Hz was noted on
both hands, which was exaggerated on intention.
Routine laboratory findings including serum
cholesterol level were within the normal range. An
electroencephalogram and a brain CT scan re-
vealed similar but more severe abnormalities com-
pared with his brother’s. Nerve conduction veloci-
ties were slowed in the nerves of upper limbs as
well as those of lower limbs. Brainstem auditory
evoked responses showed normal absolute laten-
cies in right and left ear stimulations, but prolonged
|-V interpeak latency in left ear stimulation. Soma-
tosensory evoked potential studies showed delayed
potentials recorded in Erb's point in both right and



Fig. 4. (patient 1). A section of Achilles tendon shows cleft like spaces and adjacent foreign body reaction. Several
darkly staining multinucleated giant cells are seen. H&E stain.

Fig. 5. High power view of Fig. 4.

Fig. 6. In another area, numerous lipid laden xanthoma cells are seen in a cluster.

Fig. 7. (patient 2). The Achilles tendon section reveals basically identical feature with Fig. 4, showing clustered foamy
cells with adjacent celiular reaction.



left median nerve stimulations. Interpeak latencies
between the potentials recorded in Erb’s point, C5,
and sensory cortex area were within the normal
range. Pathological examination of the left Achilles
tendon demonstrated basically identical abnormali-
ties compared to his brother’s (Fig. 7).

DISCUSSION

In 1937, Van Bogaert et al. described a patient
with CTX, and characterized the clinical features as
having three stages. The initial stage began in
childhood with dementia, and later blended into an
adolescent phase characterized by progressive ata-
xia, spasticity, and cataracts. The third and final
stage was characterized by prominent tendon
tumefactions, severe spastic ataxic syndromes,
progressive bulbar paralysis, and distal muscle
wasting. Although cases subsequently reported
have enjoyed more variable clinical presentations,
the concept of three staged chronological sequence
has largely retained its validity until recently (illing-
worth and Connor 1987).

Pathologically, the hallmark of this disoder is ele-
vated cholestanol contents in the tissues through-
out the body organs including the nervous system,
tendons, liver, spleen, adipose tissue and muscles
(Menkes et al. 1968). Microscopically, large mono-
nuclear cells with foamy cytoplasm, multinucleated
giant cells, and fanshaped collections of crystalline
needle-like clefts are characteristically shown. In
the nervous system, extensive demyelination is
seen as well (Schimschock et al. 1968).

The elevated tissue and serum cholestanol levels
have triggered recent research on bile salt metabol-
ism in patients with CTX. In 1971, Salen found 10
times more cholestanol and substantial quantities
of cholesterol precursors, but virtually no che-
nodeoxycholic acid in bile secretions of the pa-
tients. He suggested overactive hepatic sterol
synthesis secondary to a metabolic block in che-
nodeoxycholic acid production as the basic abnor-
mality in the pathogenesis. The results of in vivo as
well as in vitro experiments of Salen et al. (1979)
subsequently showed that the site of the enzymatic
defect in CTX patients is at the 24 beta-hydroxyla-
tion of 5 b-cholestane-3a, 7a, 12a, 25-tetrol.
Oftebro et al. (1980), however, argued against this,
insisting that 26-hydroxylase was the responsible
enzyme because its activity was virtually absent in
the liver mitochondria of the patients. Whatever en-
zyme may be reponsible, the low concentration of

bile salts produced is currently thought to derep-
ress the normal feedback regulation, thereby over-
producing bile salt precursors including cholesterol
and its reduced form cholestanol (Swartz et al.

1982).

In our cases, the characteristic pathological as
well as clinical manifestations are typical of CTX,
permitting no alternative diagnosis. The CT and
MRI abnormalities also agree fairly well with the
findings previously described (Berginer et al. 1981;
Swanson and Cromwell 1986). Their symptoms
(childhood dementia, adolescent spastic ataxia,

cataracts, and subsequent tendon tumefaction and
bulbar paresis), however, were not equally pre-
sented. Mental retardation and gait difficulty were
more severe with the younger brother; massively
enlarged tendons and cataracts were seen only in
the elder one. Unfortunately, serum and tissue
cholestanol contents were not measured in our
cases.

Several clinical features shown in our cases de-
serve mention. Both of them suffered from and
thus complained chiefly about, the problem of re-
current seizures. In the previously reported cases,
seizures were rare and, if present, were not a major
problem (Berginer et al. 1981). We believe that the
differential diagnosis of childhood epilepsy should,
therefore, include CTX especially when the victims
show evidence of heredity.

Another feature which deserves attention is the
fact that both of our patients had peripheral neuro-
pathies confirmed by nerve conduction studies.
Peripheral neuropathy had not been recognized as
a sign of CTX until 1979, when Kuritzky et al.
found electrophysiological impairment of the
peripheral nerves in all of their four cases. In our
cases, the side effect of long term administration of
antiepileptic drug (diphenylhydantion) might have
contributed to the development of the peripheral
neuropathy. But the atrophic limbs and pes cavus
deformities shown in both cases led us to believe
that the nerves were more likely damaged by an
intrinsic process.

The various abnormalities of evoked potential
studies shown here are also of interest. Prolonged
absolute latencies of brainstem and somatosensory
evoked potentials in both cases are probably attri-
butable to damaged peripheral nerves. Delayed in-
terpeak latencies in brainstem auditory evoked
potentials are indicative of brainstem dysfunction in
both patients. We think that the latter findings are



unigue in that they can be used in the measure-
ment of central conduction delay as well as in the
evaluation of therapeutic responses.

As to the prognosis, until recently, CTX has been
thought to be universally fatal between the fourth

and sixth decade of the patient's life (Schimschock
et al. 1968; lllingworth and Connor 1987). Some
recent work, however, has shed light on the treat-
ment of this malady. As described above, if the
defective production of cholic acid and subsequent
deregulation of the feedback system is the
pathogenesis of this disorder, by adding this end
product, the vicious cycle could be terminated. For
this purpose, chenodeoxycholic acid or ursodeox-
ycholic acid were used by some physicians with
encouraging results, i.e., decreased serum
cholestanol (Berginer et al. 1981; Swartz et al.
1982). Recently, Berginer et al. (1984) tried che-
nodeoxycholic acid on 17 patients with various
neurologic signs. After at least one year of treat-
ment, the majority of them had beneficial effects in
the course of the neurological symptoms including
dementia, spasticity and peripheral neuropathy.
The clinical and radiological abnormalities of the
patients may, to some extent, reflect metabolic en-
cepalopathy and demyelination (due to diffuse
cholestanol infiltration) rather than permanent des-
truction of the brain tissue. This may be the reason
why the symptoms of damaged central nervous
system are restored in the patients of Berginer et
al. We also tried chenodeoxycholic acid, 750 mg
daily, to our cases. The clinical improvement,
however, was not observed in 6 months' of follow

up.
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