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Introduction
Cerebro-tendinous Xanthamatosis (CTX) is a slowly 

progressive, rare autosomal recessive disorder of fat 
metabolism with variable presentations. The symptoms 
and signs increase with age in untreated patients. It is a 
rare cause of treatable cerebellar ataxia in young persons 
and should not be missed. The disease occurs due to a 
mutation in the CYP27A1 gene [1], preventing cholesterol 
from being converted to cheno-deoxycholic acid (CDCA). It is 
recommended that treatment should be started early as soon 
as the diagnosis is made because delay results in incomplete 
recovery or no recovery. Screening for CTX should be done in 
infants and children with cholestatic jaundice, cataracts, and 
chronic diarrhoea to save these individuals from disabling 
neuro-psychiatric problems.

Case report
A 36-year-old Muslim man from Bihar (Eastern state in 

India), born of non-con-consanguineous parents was ϐirst 
seen with poor balance for 3 months - 4 months and unclear 

speech for two months. His birth was normal and so were 
his milestones. In his early childhood, he had frequent 
diarrhoea and was of a lean build as compared to his three 
younger brothers. He had bilateral cataracts since the age of 
15 years, not impairing vision. There was no history of any 
psychiatric illness or tremors. Due to mental sub-normality, 
he could not study beyond class VIII in school. His mother has 
had high cholesterol and type 2 diabetes mellitus since the 
age of 50 years. Out of ten of his mother’s siblings, eight have 
high cholesterol levels and ϐive have had acute myocardial 
infarction at ages ranging from 40 to 48 years. On general 
physical examination, he had 10 cm. x 8 cm. ϐirm, ϐixed non-
tender swellings on Achilles’ tendon bilaterally (Figure 1). 
His higher mental examination showed an MMSE score of 
24/30. He had bilateral cataracts, cranial nerves were normal 
without nystagmus. Bilateral cerebellar signs were present 
with the abnormal ϐinger-nose test, dysdiadochokinesis, and 
ataxic spastic gait. Power in all muscles was normal with 
exaggerated deep tendon jerks and bilateral extensor plantar 
response. CBC, LFT, and KFT were normal. Lipid proϐile 
showed total cholesterol 190 mg/dL, triglycerides 107 mg/
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Abstract 

Cerebrotendinous Xanthamatosis (CTX) is a rare autosomal recessive disorder caused by a 
mutation in the CYP27A1 gene leading to impaired metabolism of cholesterol and accumulation of 
cholestenol and the cholesterol in various tissues such as the brain, eyes, lungs and bones and reduced 
formation of cheno-deoxycholic acid (CDCA). The clinical presentation is diverse, starting in the 
early neonatal period and progressing till adulthood unless treated early. A common neurological 
manifestation is a spino-cerebellar ataxia followed by spastic paraparesis. Tendon xanthoma is a 
classical ϐinding that usually helps in clinching the diagnosis but may not be present in all cases. Brain 
MRI also reveals characteristic abnormalities with cerebellar atrophy and hyper-intensities in the 
dentate nucleus and surrounding cerebellar white matter on T1weighted images. It is a rare cause of 
treatable ataxia in young individuals. Treatment is by replacement by CDCA or Urso-deoxycholic acid 
(UDCA). Supplemented with statins these individuals also have premature atherosclerosis causing 
death due to athero-sclerotic coronary artery disease. Here a rare case of symptomatic heterologous 
CYP27A1 mutation is reported with syndrome of spino-cerebellar ataxia treated with UDCA.

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jnnd.1001098&domain=pdf&date_stamp=2024-05-27
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dL, HDL cholesterol 70 mg/dL, LDL cholesterol 106 mg/dL, 
non-HDL cholesterol 104 mg/dL, VLDL 20.7 mg/dL. Acid 
steroids and bile alcohols in urine could not be evaluated. A 
serum cholestenol test also could not be done.

His MRI brain showed hypo-intensities in bilateral 
cerebellar hemispheres and dentate nuclei on T1 weighted 
images and T2 weighted images showed signal hyper-
intensities on T2 weighted images (Figures 2a,2b). Cerebral 
hemispheres and brain stem were unremarkable. A biopsy 
of swelling on the Achilles tendon showed foam cells with 
scattered giant cells suggestive of Xanthoma. Genetic test 
performed showed mutation in CYP27A1: Location: chr2: 
219677022: c c.526del: p.Asp176MetfsTer6: Depth: 142. It 
was a heterozygous frame-shift variant (c.526del) in exon 
3 that resulted in the premature termination of the protein 
(p.Asp176MetfsTer6. On the basis of clinical, imaging, 
pathological, and genetic tests basis he was diagnosed with 
Cerebro-Tendinous Xanthomatosis (CTX) and started on 
Ursodecholic acid (UDCA) 250 mg thrice daily. He improved 
remarkably over the next 3 months, but due to the non-
availability of UDCA in his country of residence, he stopped 
it for about a month. When seen at this time he was severely 
spastic with almost whispering speech and dependent on 
mobility and self-care. It was reinforced to him and his family 
the importance of continuing therapy and a statin was added 
too due to a poor family history of athero-sclerotic coronary 
artery disease. After this, he still has to come for a follow-
up. The genetic test of the mother could not be done due to 
ϐinancial constraints.

Discussion
The case presented here is special in several ways. 

The patient presented as a case of spino-cerebellar ataxia 

though at a much younger age, and the presence of tendon 
xanthoma on the Achilles’ tendon gave away the diagnosis. 
He had a heterozygous mutation in CYP27A1 and was still 
symptomatic, defying the rules of genetics that autosomal 
recessive disorders are symptomatic if homozygous and 
heterozygous are carriers. However, there is an observation 
by Federico, et al. of symptomatic heterozygous cases, 
though they did not report their case [2]. Gene mutation 
observed in this case is the same as reported by Dutta, et 
al. in Eastern Indian and Surinamese patients [i.e. CYP27A1 
gene (c.526delG)], and consider it the founder mutation 
[3]. We treated our patient with urso-deoxy cholic acid 
(UDCA) as cheno-deoxycholic acid (CDCA) is not available 
in India. Though CDCA is the recommended treatment of 
CTX, we used UDCA since it has been used earlier in the USA, 
Australia, Bangladesh, India and Japan [3-7]. CDCA has side 
effects in the form of varying degrees of hepatic injury [8-
11], but UDCA has been shown to be safe in individuals with 
gastrostomy to prevent gallstones, and other disorders [12].

Mini review
Since the ϐirst description of the Cerebrotendinous 

Xanthomatosis (CTX) patient by van Bogaert, et al. in 1937 
[1], more than 400 patients have been described worldwide 
[13]. Cerebrotendinous Xanthomatosis (CTX) is a relatively 
rare disorder described in Jews of North African descent, a 
group of Japanese cases, Arab Druze communities, and in 
Italy, The Netherlands, and Pakistan. It is a rare autosomal-
recessive lipid storage disease caused by deϐiciency of 
the mitochondrial cytochrome P 450 enzyme, sterol 
27-hydroxylase (CYP27A1) due to mutations in the CYP27A1 
gene [1], preventing cholesterol from being converted to 
cheno-deoxycholic acid (CDCA). It was in 1968 that Menkes, 
et al. identiϐied the storage material as cholestenol [14]. 
Cholestenol (a derivative of cholesterol) gets deposited in 
nerve cells and membranes, resulting in damage to the brain, 
spinal cord, tendons, lens of the eye, and arteries. People with 
CTX may die prematurely because of progressive neurological 
deterioration or coronary artery disease. Delayed diagnosis 
of this disease may have devastating effects on a patient’s 
life. Long-term treatment with CDCA signiϐicantly affects the 
neurophysiology and improves the disease outcome. 

Recent estimates of incidence of CTX range from about 
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Figure 1: Showing swelling on Achilles tendon of the patient
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Figure 2: Non-contrast MRI of brain T1 image showing hypointense lesion in 
bilateral cerebellar hemispheres surrounding dentate nuclei (a) and T2 images 
showing hyperintense lesions in the same area (b)
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swings, aggression disability, ADHD, suicidal tendencies, 
etc. make their appearance [17,21,22]. Tendon xanthomas 
usually appear in the second decade. Though most typical 
on Achilles’ tendon, xanthomas are also reported on other 
tendons like the patella, extensors of the ϐinger, and at the 
elbow. In a small percentage, xanthomas may not be present 
at all, though they are the hallmark of the disease. Xanthomas 
have also been observed in the brain, bones, and lungs [23]. 

During the second or third decade, neurological symptoms 
appear in the form of difϐiculty in walking, staggering gait, 
frequent falls, ataxia, spasticity, peripheral neuropathy, 
and bone abnormalities leading to skeletal deformities like 
pes-cavus and scoliosis. Typical MRI ϐindings in CTX are 
cerebellar lesions, particularly those in and surrounding 
the dentate nuclei [24]. Rarely, do some patients develop 
autonomic disturbance and extrapyramidal features with 
tremors, slowness, soft speech, tachylalia (fast speech) 
[17,21,22,25,26], and dystonia. Epilepsy occurs in about one-
third of patients. A rare spinal form is also described with 
a relatively better prognosis characterised by spasticity 
and posterior column involvement resembling sub-acute 
combined degeneration of the cord (SACD) [27-29]. In the 
spinal form, an MRI of the spinal cord may or may not show 
hypointensity on T1 weighted images in lateral and posterior 
columns. In a small percentage, the MRI may not show any 
abnormalities. Spinal form can develop at any stage of life.

Apart from the above, other non-neurological features 
consist of:

a. Skeletal system: Osteoporosis and osteopenia seen in 
about 67% of patients occur due to poor absorption 
of vitamin D and Calcium due to a lack of bile acids 
and bile salts [30,31]. It leads to skeletal deformities 
like scoliosis, kyphosis, pectus excavatum, pes equino-
varus, and pes cavus [32]. In addition, muscle disorders 
like myopathies and neurogenic muscle involvement 
due to peripheral neuropathy are also seen [33,34].

b. Cardiovascular system: Premature atherosclerosis 
resulting in myocardial infarction has been reported 
in young individuals as young as in their fourth decade 
[35,36] which may cause premature death [36], 
aortic aneurysm, carotid atherosclerotic lesions, and 
thickening of the interatrial septum compatible with 
lymphomatous hypertrophy [37-39].

c. Lungs: In the lungs inϐiltration of alveolar septa 
with lymphomatous foamy cells leading to breathing 
difϐiculty has been observed.

Diagnosis

Diagnostic criteria was proposed by Sekijima, et al. 
Essentially, it consists of seven symptoms, namely tendon 
xanthoma, progressive neuropsychiatric dysfunction or 
mental retardation, juvenile cataract, juvenile coronary 

1:135,000 to 1:460,000 in people of European origin, about 
1 in 70,000 in people of Asian origin, 1:263,222-1:468,624 
in Africans, 1:64,247- 1:64,712 in East Asians, and 1:36,072-
1:75,601 in South Asians [15,16] in an isolated Israeli Druze 
community a carrier frequency of 1:11 for the deleterious 
c.355delC variant was determined, leading to an estimated 
prevalence of CTX at 1:440 individuals. A founder mutation 
in the CYP27A1 gene (c.526delG) has been reported in 
the Eastern Indian and Surinamese populations [3]. It is 
believed that the reported estimates of prevalence may be 
an underestimate, as the disease gets missed due to diverse 
presentation even in the same family and its rarity. 

Clinical presentations
CTX is associated with considerable variability in clinical 

manifestations among patients and even within the same 
family [17]. Clinical presentations vary with the age of patients, 
sometimes symptoms present in infancy or childhood are 
ignored and diagnosis is clinched only when neurological 
signs make their appearance (Table 1). The clinical course 
is relentlessly progressive unless treated. For this reason, 
if treatment is delayed it leads to incomplete improvement. 
The ϐirst symptom occurs as cholestatic jaundice in neonates 
and in some cases during intra-uterine life. Mutations in the 
CYP27A1 gene lead to cholestasis which may affect nuclear 
receptors such as farnesoid X receptor (FXR) [18]. Marked 
reduction of CDCA in CTX leads to decreased activation of 
FXR, which results in reduced expression of the bile salt 
export pump, causing a decrease in canalicular bile salt 
transportation [18,19]. It causes blockage of biliary canaliculi 
by bile salts and cholesterol crystals. This leads to jaundice for 
brief periods or even chronic cirrhosis. Childhood is marked 
by the presence of chronic diarrhoea with difϐiculty in gaining 
weight. Later around puberty, children develop cataracts, 
which may or may not cause visual impairment, depending 
on whether they are irregular cortical opacities, anterior 
polar cataracts, or dense posterior sub-capsular cataracts 
[20]. In the eye, optic atrophy has been reported but later in 
life. During childhood and teenage several neuropsychiatric 
symptoms like mental sub-normality, depression, mood 

Table 1:  Shows symptoms according to the age of patients.

S. No. Age Clinical Feature % of 
patients

1. Infancy Cholestatic Jaundice 40
2. Childhood Diahorrea 89

3. Teenage
Low intelligence, learning disability, slow learning 60

Psychiatric, depression, aggressive behaviour, suicidal 
tendency, ADHD, oppositional deϐiant disorder 44

4. 2nd - 3rd 
Decade

Difϐiculty in walking, falls, spastic gait. Staggering gait, 
cerebellar signs, 36

Tendon xanthoma 78
spasticity 64

5. Adulthood

Epilepsy 33
Peripheral neuropathy 70

Parkinsonism, slowness, oro-mandibular dystonia 9
Coronary artery disease 25

Osteopenia 67
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artery disease, chronic unexplained diarrhea, juvenile 
osteoporosis, prolonged neonatal cholestasis; Biochemical 
abnormality consisting of elevated serum cholesterol level; 
and genetic test showing a pathogenic mutation in CYP27A1 
gene (homozygosity or compound heterozygosity). There are 
three diagnostic categories: deϐinite, probable, and possible.

Differential diagnoses are: 

1. Familial hypercholesterolemia

2. Sitosterolemia

3. Obstructive biliary tract disease

4. Hypothyroidism

Diagnostic categories are:

1. Deϐinite: Presence of at least one of the symptoms+ 
biochemical criteria + genetic + differential diagnoses 
should be excluded

2. Probable: Presence of at least one symptom+ 
Biochemical + Genetic

3. Possible: Presence of at least one symptom + 
biochemical

 The index of suspicion for the diagnosis of CTX should be 
high in all cases of:

• Typical ϐindings on Magnetic resonance imaging (MRI) 
of the brain showing symmetrical high-signal lesions 
in the globus pallidus and in the deep cerebellar white 
matter, together with low signal lesions in the dentate 
nucleus on T2-weighted MRI [40,41]. Once these 
lesions are found, they are often stable in time [42].

• All patients below 30 years of age who have cataracts 
should be screened for CTX, especially if they also 
have chronic diarrhea, tendon xanthomas, and/or 
neuropsychiatric symptoms [43]. 

• The presence of tendon xanthomas is not mandatory 
for a diagnosis of CTX and the presence of two of 
the four clinical features of premature cataracts, 
intractable diarrhea, and progressive neurological 
signs and symptoms require biochemical screening 
for CTX [44].

• Asymptomatic siblings of patients should be screened 
for CTX as the sibling can be completely cured with a 
good prognosis.

Management

Early diagnosis is the key to the successful management 
of CTX. This requires a high index of suspicion esp. in children 
with neonatal jaundice, juvenile cataracts, and childhood 

diarrhoea along with neuro-psychiatric symptoms. The 
presence of xanthomas is not essential for diagnosis. 
Replacement treatment with Chenodeoxycholic Acid (CDCA) 
in the early stage of the disease has been reported to improve 
or even prevent clinical symptoms of CTX [45,46]; however, 
after signiϐicant neurological pathology is established, the 
effect of the treatment is limited and deterioration of clinical 
manifestations may continue to progress [11,43,47,48]. 
Therefore, it is crucial to treat CTX patients at the initial 
stage of the disease. The age of diagnosis and initiation 
of treatment with CDCA correlates with the prognosis of 
patients with CTX [11,48]. Early treatment with CDCA in 
pre-symptomatic individuals appears to prevent clinical 
manifestations. In a study, authors treated two siblings with 
CTX with CDCA since ages of 2 and 7 years respectively who 
remained asymptomatic and did not develop any neurological 
manifestations even after 14 years of follow-up [50]. These 
ϐindings strongly suggest that early diagnosis and treatment 
are crucial in a better prognosis of CTX. However, generally, 
an average delay of diagnosis and subsequent treatment is 
observed in retrospective cohort studies to the tune of 15 
years - 25 years [17,21,22,47].  

The recommended dose of CDCA treatment is 750 mg/
day divided into three doses for adults and 15 mg/kg/day 
for children in three divided doses given orally [44,45]. 
During treatment with CDCA, approximately 9% of patients 
require dose adjustment owing to drug-induced liver 
damage [42]. Hence, clinical and laboratory monitoring and 
dosage adjustment for CDCA are essential in the treatment 
of CTX, especially in infants and young children [11,42]. 
CDCA has been shown to cause signiϐicant liver damage and 
even hepatic failure. CDCA was initially preferred to cholic 
acid because it was more effective in reducing cholesterol 
7α-hydroxylase and has a stronger negative feedback effect 
on it [49,50]. Therefore, due to the hepatotoxicity of CDCA, 
cholic acid is considered the safer option in CTX, especially 
in infants [51]. Mandia, et al. reported the efϐicacy of cholic 
acid in adult patients with CTX, including individuals whose 
CDCA treatment was discontinued due to the non-availability 
of CDCA [50]. Treatment with cholic acid has been shown to 
signiϐicantly reduce cholestanol levels in all patients but also 
leads to improvement or stabilization of systemic and/or 
neurological manifestations [50]. Due to the non-availability 
or non-approval of CDCA in CTX, Urso-deoxycholic acid 
(UDCA) has been used in some countries like the USA, Japan, 
and India [3,6,12]. UDCA is free from hepatotoxicity and 
according to recent reports, is efϐicacious even after long use, 
despite some contrary reports to this effect in the past [52]. 
The dose of UDCA is 300 mg given three times a day orally. 

It is suggested that at the ϐirst diagnosis, certain tests 
should be done in patients with CTX (Table 2), and during 
therapy hepatic function should be performed periodically.
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Supportive treatment

All patients should receive combination therapy with 
CDCA and HMG-CoA reductase inhibitors (statins) because of 
their synergistic effects on serum cholestanol and urine bile 
alcohol levels [52,53]. However, some report the absence of 
this synergistic effect [54]. Inhibitors of HMG-CoA reductase 
alone or in combination with CDCA are also effective in 
decreasing cholestanol concentration and improving clinical 
signs and atherosclerotic coronary and carotid artery disease.

Genetic counselling

Genetic counselling is required for the parents, patient, 
and siblings of the patient. They also have to be screened 
for pre-symptomatic disease and treated if found to be 
homozygous or compound heterozygous for CTX.

Conclusion
The case presented here is a rare case of CTX with a 

heterozygous mutation on CYP27A1 who developed typical 
clinical features of the disorder. The following special 
features that this case demonstrates are:

• This case is a rare case who is heterozygous for CYP 
27A1 mutation and also showed classical symptoms of 
CTX, though Federico, et al. have also observed some 
patients who are heterozygous and symptomatic [2].

• Of all hereditary spino-cerebellar ataxia, CTX is a rare 
type that is completely treatable if treatment is started 
early.

• Due to diverse clinical manifestations and its rarity, 
the diagnosis of CTX is likely to be missed in many 
cases.

• The index of suspicion for the diagnosis of CTX should 
be high in children and young adults with chronic 
diarrhoea, cholestatic jaundice, premature cataract, 
psychiatric symptoms, atherosclerosis with coronary 
artery involvement, early death, and progressive 
neurological symptoms. Either all of them or any two 
or more of these should arouse suspicion of CTX. 

• Clinical presentations are diverse among patients and 
even within the same family. Even neurologically, the 
symptoms are variable. Common ones being cerebellar 

ataxia, spastic paraparesis. Others are neuropathy, 
optic atrophy, cognitive problems, epilepsy, and extra-
pyramidal and autonomic system involvement. 

• It is a systemic disorder with non-neuropsychiatric 
symptoms like osteoporosis, joint problems, cardiac 
involvement, aortic aneurysm, lung involvement, and 
liver involvement.

Patient consent statement

All procedures followed were in accordance with the 
ethical standards of the responsible committee on human 
experimentation (institutional and national) and with 
the Helsinki Declaration of 1975, as revised in 2000. The 
participant and his legally authorized representative 
provided written informed consent before entering the study 
in compliance with the applicable local regulations. 
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