N

N

Clinical Relevance of Brain Volume Changes in Patients
with Cerebrotendinous Xanthomatosis
Silvia Guerrera, Maria Laura Stromillo, Andrea Mignarri, Marco Battaglini,
Silvia Marino, Carol Di Perri, Antonio Federico, Maria Teresa Dotti, Nicola
de Stefano

» To cite this version:

Silvia Guerrera, Maria Laura Stromillo, Andrea Mignarri, Marco Battaglini, Silvia Marino, et al..
Clinical Relevance of Brain Volume Changes in Patients with Cerebrotendinous Xanthomatosis. Jour-
nal of Neurology, Neurosurgery and Psychiatry, 2010, 81 (11), pp.1189. 10.1136/jnnp.2009.203364 .
hal-00587981

HAL Id: hal-00587981
https://hal.science/hal-00587981

Submitted on 22 Apr 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00587981
https://hal.archives-ouvertes.fr

Clinical Relevance of Brain Volume Changes in Patients with Cerebrotendinous
Xanthomatosis

S. Guerrera*#, MD, M.L. Stromillo*, MD, A. Mignarri*, MD, M. Battaglini*, PhD, S. Marino#,
MD, C. Di Perri*, MD, A. Federico*, MD, M.T. Dotti*, MD and N. De Stefano*, MD/

*Dept. of Neurological and Behavioural Sciences, Italy
#IRCCS Centro Neurolesi “Bonino Pulgjo”’, Messing, Italy

Reprint requests and correspondence to:

Nicola De Stefano, MD

Neurology & Neurometabolic Unit

Dept. Neurological and Behavioural Sciences
University of Siena

ViaeBracci 2

53100 Siena, Italy

Tel: +39-0577-233432

Fax: +39-0577-233411

Running title: Quantitative brain volume changesin CTX
Keywords: cerebrotendinous xanthomatosis, brain, magnetic resonance, therapy, atrophy.
Word Count: Abstract 247; Body: 2531

The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf of
al authors, an exclusive licence (or non exclusive for government employees) on aworldwide basis
to the BMJ Publishing Group Ltd to permit this article (if accepted) to be published in INNP and
any other BMJPGL products and sublicences such use and exploit all subsidiary rights, as set out in
our licence.

Competing Interest: None.



Abstract

Objective: To quantify total and regional brain damage in subjects with cerebrotendinous
xanthomatosis (CTX) by using MR-based quantitative measures. Background: CTX is a rare,
inherited disorder characterized by progressive neurological impairment. Appropriate therapy can
slow disease progression. Measures of brain volume changes have been used in several neurological
disorders due to their value in assessing disease outcome and monitoring patients' evolution.
Methods: Twenty-four CTX patients underwent conventional MRI to measure total and regional
brain volumes. In five CTX patients who started therapy at baseline, clinical and MRI examinations
were repeated after 2 years. Clinical disability, overall cognitive performance and cerebellar

function were evaluated using modified Rankin Scale (RS), Mini-Mental-Status Examination
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I ntroduction

Cerebrotendinous xanthomatosis (CTX) is a rare autosomal recessive disease characterised by
the abnormal depasition of cholestanol and cholesterol in multiple tissues, including the central
nervous system (CNS)*2. In CTX patients, the systemic defective activity of the mitochondrial
enzyme sterol 27-hydroxylase results in a defective bile acid synthesis (with increases in cholic acid
and decreases in chenodeoxycholic acid) and abnormally high levels of cholestanol in plasma,
urine, feces and other tissues®®. This abnormal metabolism is considered responsible for the clinical
manifestations, which may involve different organ systems but is usually dominated by the classical
triad of the disease: juvenile cataracts, tendon xanthomas and progressive neurological

t%’. These clinical manifestations are crucial to address the diagnosis, which needs to be

impairmen
confirmed biochemically (by the increased serum level of cholestanol)® and genetically (by
molecular genetic defects in the sterol 27-hydroxylase gene)®’. An early diagnosis is imperative in
these patients, as the pharmacological treatment with chenodeoxychoalic acid (or with a combination
of chenodeoxycholic acid and HMG-CoA reductase inhibitors) has been shown to slow or even
reverse the progression of the disease”.

Conventional magnetic resonance imaging (MRI) can be helpful in CTX patients with
incomplete or peculiar clinical manifestations as the presence of the bilateral abnormal signal of the
dentate nuclei and their surrounding white matter is considered a characteristic feature of the
disease®'®. Additiona MRI findings are white matter abnormalities as well as cerebral and
cerebellar atrophy™. Each of these MR features could be accurately assessed and quantified by
using modern neuro-imaging quantitative tools™, which alow computed volume estimation of the
entire brain as well as specific brain tissues and regions'®. These measures have been used recently
to demonstrate that focal and diffuse abnormalities can be found in the brain of patients with several
neurological disorders since the very early clinical stages have clinical relevance and can be useful
for monitoring patients’ clinical evolution™*°,

All the points mentioned above are potentially important in a chronic and severe, albeit treatable,

disease such as CTX. Thus, we performed a volumetric MRI analysis in a relatively large CTX
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population with the aim to quantify the extent of brain damage in different brain regions and tissues,
to estimate, in a small subgroup of these patients, their longitudinal changes and to assess whether

these quantitative MR measures might be related to patients' clinical status.

M ethods

Study Population

Twenty-four CTX patients (13 women and 11 men, mean age 39.7 years, range 15-62 years) from
eighteen Italian families and 22 demographically matched healthy controls (HC) (13 women and 9
men, mean age 39.2 years, range 22-56 years) were studied. All patients met the clinical criteria for
CTX, had a blood level of cholestanol greater than 1 mg/dL and showed DNA point mutations or
deletions in the sterol 27-hydroxylase gene. At study entry, 18 CTX patients had been treated with
chenodeoxycholic acid (750 mg/day) for several years, while 5 CTX patients were not taking any
medication at the time of the MRI examination. These 5 CTX patients started therapy with
chenodeoxycholic acid (750 mg/day) at the time of the MRI exam and underwent a second MRI
exam after a median follow-up time of 2 years (range 1.9-3.2 years), For each patient, neurological
evaluation was performed within 24 hours of the MR examination by an experienced observer
(MTD) who was kept blinded to the MRI results. This clinical evaluation included the full
neurological examination, the assessment of clinical disability by using the modified Rankin Scale
(RS)?, the assessment of the cerebellar function by using the functional system score (CB-FSS)Z,
and the evaluation of the overall cognitive performance by the Mini-Mental-Status Examination
(MM SE)?. The'latter cotild ot be assessad in I paiient. The study was approved by the Ethics
Committee of the Faculty of Medicine of the University of Siena and informed written consent was

obtained from al participating subjects.

MRI examination

All subjects were examined using an identical MR protocol. Acquisitions of brain were obtained

in asingle session using a Philips Gyroscan operating a 1.5 T (Philips Medical Systems, Best, The
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Netherlands). A sagittal survey image was used to identify the anterior commissure (AC) and
posterior commissure (PC). A dual-echo, turbo spin-echo sequence (TR/TEL/TE2= 2075/30/90 ms,
256x256 matrix, 1 signal average, 250mm field of view, 50 contiguous 3mm slices) yielding proton
density (PD) weighted and T,-weighted (T,W) images was acquired in the transverse plane parallel
to the line connecting the AC and PC. Huid-attenuated inversion recovery (FLAIR) images (TR=
9000 ms; TE= 150 ms; IT= 2725, 50 contiguous 3mm slices) were acquired in the same direction.
Subsequently, Ti-weighted (T:W) 3D gradient echo images (TR/TE=35 ms/10, 256x256 matrix, 1
signal average, 250mm field of view, 50 contiguous 3mm slices) were acquired. These were
oriented to exactly match the PD/T, and FLAIR acquisitions. No major hardware upgrades were
carried out on the scanner during the time of the study, and monthly quality assurance sessions

confirmed the stability of measurements throughout the duration of the study.

MRI data analysis

Global and Regional Brain Volume measurements. Brain parenchyma volumes were measured on
T1-W images of CTX patients and HC by using the cross-sectional version of the SIENA software,

SIENAX (part of FSL 4.0 - http://www.fmrib.ox.ac.uk/fsl/). SIENAX alows global measures of

normalized brain volume (NBV) as well as selective measurement of normalized cortical volumes
(NCV)™. In the five CTX patients who underwent the second MR examination, longitudinal (two
time-points) percentage brain volume change (PBVC) was estimated on T1-weighted images by
using SIENA®. Changes in PBVC were annualised (PBVCly) to account for differences in the
length of follow-up between the two scans across the 5 patients.

For volume measurement of specific cortical regions, predefined standard space masks can be used
to select the corticak gray matter of these regions (see structural alas in

http://www.fmrib.ox.ac.uk/fsl/) and estimate volumes normalized for subject’'s head size. We

considered here normalized volumes of frontal (NFV), temporal (NTV), parietal (NPV, which

included the insula) and occipital (NOV) lobes of both hemispheres. Furthermore, with an identical



approach, we estimated the normalized volume of the cerebellum (NCbV). In this case, when
necessary, the cerebellum mask of the subject was manually edited by an expert user (SG).

Dentate nuclei and surrounding white matter measurement. V olume quantification of the abnormal
signal detected in the dentate nuclel and surrounding white matter (DV) was performed in each
subject by a single observer (SG) employing a segmentation technique based on user-supervised
local thresholding. For the DLV classification, lesion borders were determined primarily on PD
images, but information from T1-W, T2-W and FLAIR images was also considered as the software
used (Jim 4.0, Xinapse System, Leicester, UK) offered the ability to toggle between the PD, T2-W,
FLAIR and T1-W images, providing the operator with convenient access to the information in all
data sets while defining lesions. The value of total DV was calculated by multiplying lesion area by

slice thickness.

Statistical analysis

The MR measures of the CTX population were compared to those of the HC group by using the
non-parametric Mann-Whitney rank sum test. Although there were no differences in age between
the groups, age was included as covariate in the measurement of group differences.

Relationships of MR metrics with clinical and demographic indices were assessed using the non-
parametric Spearman rank order correlation. Values were considered significant at the 0.05 level.
The SYSTAT software version 9 running on Windows (copyright SPSS Inc.1988) was used to

performed statistical calculations.

Results

Clinical features

The group of CTX patients had wide ranges of overall disability (RS: median 2, range 0-5),
cerebellar functional status (CB-FSS. median 1.0, range 0-3) and overal cognitive performance

(MMSE: median 22, range 15-28). As expected in a slowly progressive, chronic disorder such as



CTX, measures of RS and MM SE were closely correlated with age (r= 0.73 for RS and -0.68 for

MM SE, p<0.01 for both).

Global and Regional Brain VVolume measurements

As expected, all CTX patients showed bilateral abnormalities in the dentate nuclei and surrounding
white matter. The DV values ranged 0.16-9.85 cm®.

M easurements of NBV were significantly lower in CTX patients than HC (1510+137 cm?® in CTX,
1626+56 cm® in HC, p<0.001, S&&'Figlifed). Also, NCbV values were significantly lower in CTX
patients than in HC (142+25 cm® in CTX, 161+15 cm®in HC, p <0.005, Se&Figured).

Brain tissue specific measures showed that NCV were significantly lower in CTX patients than HC
(5774101 cm® in CTX, 668+33 cm® in HC, p<0.0001, SE&WFigUré’2). In contrast, differences in
NWMV between the two groups were not significant (820£68 cm?® in CTX, 850+44 c¢m?® in HC,
p=0.1).

Finally, the regional analysis revealed that the decrease in neocortical volume was widespread in

CTX patients, being significantly lower in the CTX group than in the HC group in each of the

measured cortical regions (INFVEI208E381GH* iRICTX I235E 1316 ifIHC NPV I55E2016M if

Interestingly, a single-subject analysis of the different brain regions showed that, in CTX patients,
values were at least two standard deviations below the mean of the HC in 20/24 of the NPV, 15/24
of the NFV and 14/24 of both NTV and NOV. In contrast, values were at least two standard

deviations below the HC mean only in 8/24 of the NCbV.

Correlations between age, clinical scores and MR measures.

In CTX patients, increasing age was closely correlated with decreases in NBV (r= -0.69, p

<0.0001) and even more closely with decrease in NCV (r= -0.90, p <0.0001 (Figures). A smilarly



close correlation with age was found in each cortical region measurement. Age was also correlated,
but to alesser extent, with measures of NCbV (r=-0.52, p <0.01, see Figure 3).

A close negative correlation was also found between RS scores and NBV (r= -0.62, p<0.01),
NCV (r=-0.65, p<0.001) and between CB-FSS scores and NCbV values (r=-0.58, p <0.01).There
was also a close relationship between decreasing values of MM SE and decreases in both NBV (r=
0.50, p<0.01), NCV (r= 0.60, p<0.01). As expected, there was no correlation between NCbV and
MMSE (r= 0.25, p> 0.1).

Finally, no significant correlations were found between measures of DV and age, clinical scores
and MRI measures, with the exception of a moderate negative correlation with NCbV values, (r= -

0.44, p<0.03).

Longitudinal analysis

As mentioned before, inthe 5 CTX patients who began treatment with chenodeoxycholic acid at the
time of the first MRI scan, conventional MRI and clinical evaluation were performed after about 2
years. All 5 patients were clinically stable during the follow-up period, maintaining the same
baseline RS values. In contrast, there was an overall decrease of brain volume during the follow-up
(meantsd PVBCly = -1.1+0.2%). This value was amost twice lower in the youngest patient than in

the oldest patient (-0.68% versus -1.25%).

Discussion

This is the first study attempting a quantification of global and regiona brain tissues in CTX
patients by means of a computed quantitative analysis of MR images. In this relatively large patient
population, we found a diffuse decrease in total brain volumes and, at a tissue type analysis, this
decrease was very pronounced in the cortical grey matter and not significant in the white matter.
These results add further evidence to the hypothesis that CTX is a primary neuronal disorder where

the enzymatic defect causes an abnormal accumulation of metabolites in the brain leading to a



progressive impairment of the neuron metabolic apparatus and the consequent irreversible neuro-
axonopathy. 2

In most of the CTX patients studied here, the grey matter atrophy could be documented in all
neocortical regions, with particular preference for the fronto-parietal cortex. In addition, these
cortical volume decreases correlated very closely with both increasing age and measures of overall
disability and cognition. This is in line with the nearly constant presence of the slowly progressive
sensory-motor impairment and behavioural disturbances in the clinical feature of the CTX patients
and provides clear evidence for the clinical relevance of the cortical pathology as detected by
guantitative MR metrics. Also, these results add to previous findings similarly reporting close
correlations between clinical disability and MR measures of brain tissue damage in smaller

populations of CTX patients®?

, Stressing the importance of tissue specific quantitative MR metrics
as measures of disease outcome.

In the population studied here, the quantitative analysis of cerebellar volumes also did correlate
closely with specific measures of cerebellar impairment. However, it is interesting to note that, at a
single-subject evaluation, a significant decrease in cerebellar volume was found only in 8/24 CTX
patients and correlated only moderately with the patients clinical status. This is particularly
intriguing as common neurological symptoms and signs do include cerebellar dysfunction and
cerebellar atrophy are generally considered as one of the most common findings in previous
qualitative MR studies of patients with CTX.>*%2% |t seems, instead, that in CTX patients
significant cerebellar pathology occurs at later disease stages than generally thought and, most
likely, later than in fronto-parietal cortical regions. Further studies should be carried out to confirm
this important result. These might take advantage of high resolution, isotropic MR images, which
were not used in the present study.

In a small subgroup of 5 CTX patients who started the classical CTX treatment at baseline,
conventional MRI and clinical evaluation were repeated after about 2 years. These patients were al

clinically stable during the follow-up period, but showed a sustained decrease in the overall brain

volume (PVBCly of about -1%). When compared to recent literature data using the same method
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for the longitudinal assessment of brain volume changes, this value is about 4 times higher than the
PBVCly of norma controls” and about twice that of patients with CADASIL or multiple
sclerosis?”?8, The small number of patients studied and the lack of data on an untreated patient
group do not allow for general conclusions on this important issue. However, data reported here
suggest that despite therapy initiation the complex pathological process leading to atrophy seems to
continue. This is in agreement with the notion that the pathological process underlying this rare
neurological disease is severe and its reversihility is questionable?. This reinforces the idea that the
classical therapy of this disorder is effective only if it is started very early, before the abnormal
accumulation of cholesterol and cholestanol leads to irreversible tissue damage. The presence, in
our small patient group, of very different PBVCly values in the youngest (patient 9: -0.68%) and in
the oldest (Patient 11: -1.25%) seemsto be in line with this.

To conclude, MR-based measurements of brain volume changes provided in vivo estimates of CTX

brain damage that closely correlated with the patients’ clinical status. If'alSo"provided further’in
shoule b UseE ogetherinNmUltparameriEVIRAbasSH long-term  studies to monitor diseese

evolution and improve our understanding of the pathophysiology of rare and complex neurological

disorders such as CTX.
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Figure 2
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