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A B S T R A C T

Cerebrotendinous Xanthomatosis (CTX) is a rare autosomal recessive condition resulting in accumulation of 
cholesterol and cholestanol due to disrupted bile synthesis. Affected tissues include brain, tendons, skin, bone, 
lungs, and eyes. We report a clinical case presenting with epilepsy, which has been described, however with a 
particular EEG appearance that appears novel with Fixation-Off Sensitivity (FOS). The patient’s EEG showed 
significant buildup of abnormal slowing and frontally predominant generalized epileptiform discharges when her 
eyes were closed, and in contrast essentially normal tracings while eyes were open, eventually showing elec
trographic evolution and generating a bilateral tonic-clonic seizure. Genetic testing confirmed the diagnosis of 
CTX, and CTX-specific treatment with chonodeoxycholic acid was initiated in addition to anti-seizure 
medication.

1. Introduction

Cerebrotendinous Xanthomatosis (CTX) is a rare autosomal recessive 
condition that was first described in 1937 by van Bogaert [1] in France 
and later confirmed to be caused by a mutation in the CYP27A1 gene 
[2]. This mutation results in deficiency of the sterol 27-hydroxylase 
enzyme, a component of bile acid synthesis. This leads to accumula
tion of cholesterol and cholestanol within the body and resultant 
dysfunction in several tissues.

Herein, we discuss a patient who presented with epilepsy and a 
particular EEG finding which has not yet been described in CTX: upon 
closing her eyes, there was immediate and significant buildup of dis
charges and polymorphic delta slowing, time-locked with cognitive 
dysfunction and eventually evolving electrographically to generate a 
bifrontal seizure with spread to bilateral tonic-clonic activity.

2. Epidemiology and natural history

Cerebrotendinous Xanthomatosis is rare, and as such data is limited; 
a recent literature review identified 194 published cases with which one 
may define epidemiology and natural history. Prevalence is estimated at 
3 to 8 per 100,000 individuals, highest among Jews of Moroccan 
descent. Onset is typically in late childhood though diagnosis lags into 
the 4th decade. The most frequently reported symptoms (>50%) include 

ataxia, pyramidal symptoms, peripheral neuropathy, chronic diarrhea, 
cognitive dysfunction and/or developmental delay, skin/tendinous 
xanthomas, and cataracts. Less frequently (<30%), seizures, scoliosis, 
pes cavus, extrapyramidal syndrome, myoclonus, pseudobulbar syn
drome, or osteoporosis [3–5].

Regarding seizures, there is limited data published to define preva
lence or seizure types. As recently as 1991, epilepsy was not considered a 
feature of CTX at all [6]. In literature review for the writing of this 
report, seizure type and prevalence varied. The most often quoted per
centage of epilepsy in CTX was ~ 30 % [4,7]. Some authors claimed CTX 
rarely causes refractory seizures, while others reported medication 
resistance at first presentation [8,9].

If left untreated, death occurs in middle age after a pseudobulbar 
phase. [3,4]. Treatment with chenodeoxycholic acid (CDCA) has been 
shown to improve dementia, EEG abnormalities, pyramidal/cerebellar 
symptoms, and imaging abnormalities [10]. This treatment is a direct 
replacement of the naturally occurring human bile acid, as the enzyme 
deficiency prevents these patients from making their own. A consensus 
paper in 2021 recommended early treatment as prognosis may be 
improved [11].

3. Typical MRI and EEG findings

A radiological review in 2000 reported imaging findings from 24 
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patients with CTX. Most commonly, nonspecific periventricular white 
matter abnormalities were seen. The most characteristic reported 
finding was abnormal signal intensity in the basal ganglia and infra
tentorial region, similar in appearance to other metabolic diseases, 
though also with involvement of gray matter (basal ganglia, dentate 
nucleus). All were hyperintense on T2-weighted images with the 
exception of the dentate nucleus lesions. The authors noted the lack of 
specificity of these findings [12].

There are few detailed descriptions of EEG findings; a study in 1984 
found that 10 of 13 patients had marked derangements with irregular 
slow theta and delta waves and frequent bursts of high-voltage activity. 
With CDCA treatment, EEG showed normalization or less theta wave 
activity in 8 of those 13 patients. No mention was made as to whether 
the patients had seizures or epilepsy [10].

4. Case report and EEG findings

A 21-year old African-American woman was admitted to our Epi
lepsy Monitoring Unit (EMU). She had a history of mild intellectual 
disability, undergoing an Individual Education Program (IEP) during 
school, and was given extended time to complete scholastic activities. 
She had a single febrile seizure at age 2 with a high fever. She was 
diagnosed with “absence” seizures at age 2 and “grand mal” seizures as a 
teenager. Several EEGs throughout adolescence were suggestive of 
generalized epilepsy, showing generalized spike-and-wave discharges. 
An MRI brain was normal.

During her EMU stay, antiseizure medications (ASMs) were weaned. 
Home medications at that time included levetiracetam, lamotrigine, 
cenobamate, and clonazepam. Her initial EEG on days 1–3 showed 
persistent interictal bilateral posterior sharply contoured 2–3 Hz delta 
slowing with a left-sided predominance and also occasional generalized 
spike-and-wave discharges with a bifrontal and slightly left-sided pre
dominance, at times occurring in bursts of 2–3 Hz. During photic stim
ulation, there was no photoparoxysmal response.

By day 4, all medications had been weaned, though several of her 
home medications with long half lives would still have had low level 
serum concentrations. At this point, a new EEG phenomena emerged: 
prominent polymorphic delta slowing with abundant generalized dis
charges, noted only when eyes were closed.

Careful review of video in correlation with EEG showed that when 
the patient’s eyes were open, EEG showed a similar background to prior 
with beta, alpha, and theta frequencies and occasional epileptiform 
findings. However, every single time she closed her eyes for longer than 

1 eyeblink (roughly 0.5 s), there was immediate emergence of bifrontal 
sharp semirhythmic alpha, abundant frontally predominant generalized 
discharges, and polymorphic diffuse delta slowing which would last as 
long as eyes were closed, up to 10 s or more. This phenomenon was 
persistent and invariably reproducible on Day 4 from 10:30 to 12:47 at 
which time she had a seizure (Figs. 1 and 2).

At 12:37 staff came to perform bedside testing given the EEG ab
normalities. The patient was unable to answer questions or follow 
commands whenever her eyes were closed. If her eyes opened, she could 
briskly follow all commands and answer questions without error (Fig. 3).

At 12:47 after bedside testing concluded, she rolled back over in bed 
to go to sleep, closing her eyes. This time, EEG showed generalized 
polyspike/wave complexes which became rhythmic at 1.5 Hz and finally 
organized into 6–8 Hz bilateral frontal lobe ictal pattern. She had an 
ictal cry and went quickly into a bilateral tonic-clonic seizure. The tonic- 
clonic phase ended after ~ 30 s with offset to profound diffuse sup
pression (Figs. 4.1 and 4.2).

Antiseizure medications were administered after this seizure and the 
remainder of her EEG showed a background of slow delta with over
riding alpha and beta activity. The aforementioned phenomena was no 
longer appreciable, indicating exquisite sensitivity of her EEG abnor
malities to ASMs.

She was later seen in the genetics clinic and whole exome sequencing 
was performed along with her mother, who submitted a sample for duo 
testing. The results were positive for 3 findings and no VUS were re
ported. The positive findings included the following: 1) a 787 kb multi- 
gene deletion in 16p13.11 at coordinates GRCh37/hg19: 
chr16:15737239–15820210, for which the patient was heterozygous 
and inherited from her unaffected mother and 2) two separate hetero
zygous pathogenic mutations in CYP27A1, which were found to be on 
opposite alleles (in trans), one of which was inherited from her unaf
fected mother and the other either from her father or de novo. Two 
separate mutations in CYP27A1 in trans would lead to disease, as it has a 
recessive inheritance pattern. One variant was NM_000784.3: c.844 + 1 
G > T:p? and the maternally inherited variant was NM_000784.3: 
c.886C > T: p.(Gln296Ter) (CAA > TAA). Cerebrotendinous xantho
matosis was confirmed with laboratory testing showing elevated levels 
of cholesterol, 7α-Hydroxy-4-cholesten-3-one, and 7α,12α-Dihydrox
ycholest-4-en-3-one, with otherwise normal complete blood count and 
complete metabolic panel.

An MRI of the patient’s brain was not able to be obtained.
Treatment was initiated with chenodeoxycholic acid (CDCA) and 

genetic counselling provided to the entire family, who might also 

Fig. 1. Eye closure reveals emergence of slowing and epileptiform discharges (paroxysms). Sensitivity: 10 µV, LFF: 1 Hz, HFF: 70 Hz. Bipolar longitudinal montage.
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undergo CDCA treatment pending individual risk/benefit discussions.

5. Discussion

While epilepsy is not considered a rare manifestation of cere
brotendinous xanthomatosis, the particular EEG findings we observed 
have not yet been described in this disease. Our literature review has 
revealed few detailed descriptions of EEG findings in CTX and as such 
further study on this topic is valuable.

It should be noted that the patient’s genetic testing also revealed a 
coexisting 16p13.11 microdeletion. This genetic mutation has been 
associated with epilepsy in published literature, and we confirmed that 
this patient’s deletion included a gene (NDE1) that has been strongly 
correlated with epilepsy in a large cross-sectional genome study [13].

There are several reasons making CTX the most likely explanation for 
our patient’s symptoms. She has no other features of reported 16p13.11 
phenotypes such as intellectual disability, microcephaly, schizophrenia, 
or facial dysmorphisms. It is also well published that this microdeletion 

has widely variable penetrance [14]. Our patient’s mother carries the 
same 16p13.11 mutation and passed it down, including a deletion of the 
same NDE1 gene, and is not affected with epilepsy or any of the afore
mentioned signs/symptoms.

Our patient’s testing showed a single 16p13.11 microdeletion but 
two separate heterozygous mutations in the CYP27A1 gene; one from 
her mother and one either from her father or de novo. This has led to 
clinically measurable changes in cholesterol metabolism, which we used 
to confirm the diagnosis of CTX. While we cannot entirely rule out 
pathophysiologic changes from 16p13.11 microdeletion, there is more 
evidence in this case supporting clinically significant disease from CTX.

The EEG phenomenon we describe has been identified before and 
termed Fixation-Off Sensitivity (FOS), though the pathophysiology re
mains unclear. It is differentiated from Eyelid Closure Paroxysm which 
lasts only 1–4 s from eye closure. FOS has been described most 
frequently in Self-Limited epilepsy with Autonomic Seizures (SeLAS, a.k. 
a Panayiotopoulos Syndrome) and Photosensitive Occipital Lobe Epi
lepsy (POLE, a.k.a idiopathic childhood occipital epilepsy of Gastaut), 

Fig. 2. Eye opening reveals abrupt resolution of slowing and epileptiform discharges. Sensitivity: 10 µV, LFF: 1 Hz, HFF: 70 Hz. Bipolar longitudinal montage.

Fig. 3. During testing, the patient closed her eyes and was unable to answer questions only while eyes were closed. Sensitivity: 10 µV, LFF: 1 Hz, HFF: 70 Hz. Bipolar 
longitudinal montage.
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less often in symptomatic occipital lobe epilepsy, eyelid myoclonia with 
absences, or benign childhood seizure susceptibility syndrome. Some 
patients exhibiting FOS have suffered focal insults, while others exhibit 
findings more consistent with diffuse networks of hyperexcitability [15]. 
Patients with CTX commonly exhibit white matter abnormalities [14], 
and similar findings have also been seen in patients with a photo
paroxysmal response, which may indicate a shared pathophysiology 
between the two phenomena. Definitively identifying mechanisms un
derlying photosensitivity in epilepsy is similarly difficult, however both 
populations of patients include many with either structural abnormality 
and/or diffuse networks of hyperexcitability [16].

One possible pathophysiologic explanation would be an abnormality 
of the alpha-rhythm generators as postulated by Panayiotopoulos [17], 
however this would not be expected based on currently reported pa
thology in CTX since alpha-rhythm generators would presumably be 
found in cortex.

Somewhat similar findings may be seen in epilepsy with eyelid 
myoclonia (EEM or Jeavons Syndrome), though with some subtle dif
ferences to our patient. In EEM, the background change upon eye closure 
is often well formed 3–6 Hz spike-and-wave (according to a 2020 review 
of the published EEG characteristics of EEM) [18], while our patient 
instead exhibited a background of more disorganized polymorphic delta 
slowing with intermixed nonrhythmic discharges and frontal sharp 
alpha. Our patient also notably had no eyelid myoclonus and does not 
exhibit other clinical similarities to EEM, making any theorized patho
physiological associations less convincing.

Regardless of underlying pathophysiology, the overall EEG findings 
we observed do indicate an extensive diffuse hyperexcitable network as 
seen in many other generalized epilepsy syndromes, as opposed to 
findings suggestive of a localization-related epilepsy.

Fig. 4.1. The patient repositioned in bed (myogenic artifact) and closed her eyes. Discharges organized and became rhythmic, progressing to frontally predominant 
generalized spike and slow wave discharges accompanied clinically by a bilateral tonic clonic seizure. Sensitivity: 10 µV, LFF: 1 Hz, HFF: 70 Hz. Bipolar longitu
dinal montage.

Fig. 4.2. Contiguous epoch following Fig. 4.1 exhibiting seizure evolution with spread to bilateral tonic/clonic activity. Sensitivity: 10 µV, LFF: 1 Hz, HFF: 70 Hz. 
Bipolar longitudinal montage.
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6. Conclusion

Cerebrotendinous xanthomatosis (CTX) is a rare genetic disorder of 
cholesterol catabolism. Among other symptoms, patients may have ep
ilepsy, and this patient’s EEG had a particular finding of disorganized 
and irritable background upon eyelid closure, without eyelid myoc
lonus, best termed Fixation-Off Sensitivity (FOS). This finding has not 
yet been described in CTX. Pathophysiology of this finding is unclear. 
Overall, these findings indicate an extensive diffuse hyperexcitable 
network as seen in other patients with generalized epilepsy syndromes.
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