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Abstract

Background: Multiple sclerosis (MS) is the 

immune-mediated inflammatory demyelinating 

disease of the central nervous system. Axonal injury 

is a prominent pathologic feature leads to white 

matter loss. In last decade many studies using MRI 

in patients with MS shown gray matter loss which 

correlates with neurological disability. The 

longitudinal study of cortical loss by MRI software 

may provide the prognosis of patient. 

Methods: Demographic and MRI data of MS 

patients from Prasat Neurological Institute in the 

past 5 years was collected. Each pair of MRIs in 

T1MPRAGE protocol was analyzed by MRI base 

volumetric software MAP18. The primary end point 

was annualized rate volume loss in each part of 

brain. The secondary outcome was identifying the 

relevant factors which related to specific part of 

brain volume loss.

Results: A total 487 MS patients were recruited 

from medical record. Twenty-four patients and 38 

pairs of MRI scans met criteria. The mean age was 

36.4 years. Most of the patients are Asian with 

relapse-remitting phenotype and 70% of these were 

on one of disease modifying therapy. Mean MRI 

follow up duration was 19 months and mean number 

of pair scans was 1.58. The adjusted annualized 

brain volume loss was shown significant decreased 

in three axis including whole brain, whole gray 

matter and cerebral gray matter.  The rate of declining 

of those parts were -0.68% (95% CI: -1.11 to -0.25, 

P: <0.01), -1.31% (95% CI: -1.84 to -1.78, P: <0.01) 

and -1.33% (95% CI: -1.96 to -0.69, P: <0.01) 

respectively. The secondary outcome was subgroup 

analysis of gray matter loss in difference conditions. 

There was no significance gray matter volume loss 
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 when considered age (<35, >35 years old), initial 

clinical phenotype (ex. CIS, RRMS), and regarding 

of specific type of DMT.

Conclusion: MAP18 may be used in measuring 

brain volume in MS patients. The data from MAP18 

was comparable with previous other morphometric 

volume base measurements software in whole brain 

(e.g. SIENA, SIENAX), cortical gray matter (e.g. 

FreeSurfer). Among of these, cortical gray matter is 

the most significant loss which may predict the 

disease progression in subclinical ongoing disease.

Keywords: Multiple sclerosis, MS, Brain volume 

loss, Cerebral grey matter, MAP18

Introduction

Multiple sclerosis (MS) is the most prevalent 

chronic inflammatory disease of the central nervous 

system (CNS). Typical syndromes at presentation 

include monocular visual loss due to optic neuritis, 

limb weakness or sensory loss due to transverse 

myelitis, double vision due to brainstem dysfunction, 

or ataxia due to a cerebellar lesion.1 After 10 to 20 

years, a progressive clinical course develops in 

many of the patients, mostly lead to impaired 

mobility and cognition. 

Multiple sclerosis has been classified as a 

disorder affecting the white matter but more 

increasing evidence of early involvement of the 

cerebral cortex and deep gray matter.2 However, 

longitudinal studies involving patients with multiple 

sclerosis have shown accelerated rates of gray 

matter atrophy. Early in the disease, gray matter 

atrophy proceeds three times faster in MS patients 

than healthy persons, and with progressive 

neurologic disability. This rate of atrophy increases 

to 14 times faster in MS patients than in healthy 

persons.3, 4 Gray matter atrophy strongly correlates 

with physical disability and cognitive disability than 

white matter atrophy.5

Numerous recent  s tudies have used 

MRI-based methods for an estimation of brain 

volumes which were developed from different 

software library for analysis in difference target 

anatomy such as SIENA (detecting whole brain, 

gray matter and white matter) and Voxel based 

morphometry (VBM) which detects local gray matter 

volume.6 This may represent a valid biomarker of 

clinical state and progression in many neurological 

disorders.7 In addition, capturing temporal patterns 

of structural brain changes requires adequate 

MRI protocols with accurate and robust image 

analysis tools. Demonstration of high resolution 

three-dimensional (3D) magnetization-prepared 

rapid acquisition with gradient echo (MPRAGE) 

improves the classification of cortical lesions by 

allowing more accurate anatomic localization of 

lesion morphology.8

MAP18 is MRI-based volumes analysis 

software which was previously used for analysis 

brain volume in epilepsy patients. The MAP18 was 

developed from SPM software library, same as VBM 

and Longitudinal toolbox. In the past, VBM was also 

used for analysis cortical gray matter change in MS 

patients9, 10 

Our study aims to assess whether MAP18 

software may achieve individual monitoring of brain 

atrophy rates in MS patients by taking advantage 

of MRI measurements obtained longitudinally over 

long follow-up periods (up to 3 years) using the 

same MRI protocol on the same scanner. Then we 

analyzed in part of brain that highly significant 

change and identified the relevant factors for this 

change. 
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Materials and Methods

Study population

A retrospective medical record and MRI data 

of the MS patients who were treated and followed 

up at Prasat Neurological Institute during February 

2014 to February 2019 were reviewed. The 

demographic data, clinical information related to 

disease and MRI data were collected. The inclusion 

criteria are 1) Diagnosis as CIS and RRMS 

according to the McDonald’s criteria revised in 2010,  

2) Age more than 18 years old, 3) At least two MRI 

data were performed with MPRAGE technique 

which is essential for brain volume analysis in 

difference time by comparison of brain volume 

change. We excluded the patients who met 

condition of any diseases which may affect rate of 

brain volume such as tumor, infection and intracra-

nial hemorrhage.

The study protocol was reviewed and 

approved by the Prasat Neurological Institute Ethics 

Committee.

MRI data

This analysis based on longitudinal MRI data 

sets (at least two paired scans) of MS patients. All 

MRIs were acquired at the MR center of the Prasat 

Neurological Institute using a 3T Siemens Skyla 

(Siemens Healthcare GmbH, Germany) with the 

same MRI protocol. Identical T1MPRAGE images 

used for the brain volume analysis (repetition time 

(TR)/echo time (TE)=2000/2.46 ms, 320×320 matrix, 

1 signal average, 230 mm field of view, 208 slices 

of 0.72 mm thickness, axial orientation) were 

acquired in each participant and for each time point. 

Periodical quality control sessions and no major 

hardware upgrades were performed on the MR 

scanner during the study period.

Software analysis
Global and separate part of brain volume were 

quantified using the MAP18, part of the SPM 
software library. This based method uses images 
from two time points to assess brain volume 
changes by directly estimate of percentage brain 
volume change (PBVC) between the two time 
points. Each study of MRI data was analyzed and 
separated into each part of the brain such as whole 
brain, whole gray matter, cerebral gray matter, 
whole white matter and cerebral white matter by 
using percentage whole brain volume change 
(PWBVC), percentage whole gray matter volume 
change (PWGVC), percentage cerebral gray matter 
volume change (PCGVC), percentage whole white 
matter volume change (PWWVC) and percentage 
cerebral white matter volume change (PCWVC) in 
order. An automated software of brain volume 
extraction is able to remove eyeballs and the 
remaining non-brain tissues which leads to more 
accurate estimation of brain atrophy.

Statistical analysis
Demographic data were reported in percentage, 

mean, median and standard deviation (SD). 
Annualized percentage of each part of the brain 
volume change was analyzed by adjusted 
confounding factor and plotted in spaghetti line, 
then fitting the slope of the regression line to all 
study. The first available scan is marked as the first 
time point and assumed a linear change over time. 
The subgroup analysis was performed by using 
multilevel mixed-effects linear regression for focus 
on relation of significant and highest part of percent 
brain volume change with age, initial MS phenotype 
and disease modifying therapy (DMT) usage. All the 
analyses were run using STATA V.13.0 (StataCorp 
LLC Texas USA). The specific p-value cut off was 

< 0.05.
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Results

A total of 487 patients were screened with 

ICD10 diagnosis, 334 patients were excluded due 

to not met McDonald criteria nor absence of 

imaging in data server picture archiving and 

communication system (PACs). Eighty-two patients 

were excluded due to no MRI in T1MPRAGE 

protocol and 47 patients were excluded due to have 

only single scan. Total 24 patients were met criteria. 

Demographic characteristics were shown in 

Table 1.  Most were female 19 of 24 (79.2%) with 

Asian 23 of 24 (95.8%) ethnicity. Mean age of the 

patients were 36.4 years (range 21-62 years), mean 

age of onset was 31.6 years (range 18-57 years). 

Eighty-three percent had the initial MS phenotype 

of RRMS. The oligoclonal band was done in 6 of 24 

(25%). The positive result was 4 of 6 (66.7%). The 

disease modifying therapy was used in 17 of 24 

patients (70.8%), including Interferon Beta 14 of 17 

(82.3%), Teriflunomide 5 of 17 (29.4%) and 

Fingolimod 5 of 17 (29.4%). 

The total of 38 paired scans from 24 MS 

patients were analyzed. Mean of scan interval was 

19.04 months, range 4-37 months and mean 

number of paired scans was 1.58 (range 1-3)

For primary outcome, we divided our data into 

five parts of the brain volume which were analyzed 

for decremented rate and standard error on a 

yearly to establish the disease trend over time. The 

age of onset, initial MS phenotype and DMT usage 

were adjusted for analysis as covariate. The result 

was shown in percent brain volume change per year 

of whole brain (PWBVC/y), whole gray (PWGVC/y) 

and cerebral gray matter (PCGVC/y). These were 

significantly reduced overtime -0.68 (P<0.01) 

(Figure 1), -1.31 (P<0.01) (Figure 2) and -1.33 

(P<0.01) (Figure 3) respectively whereas the result 

was no significant in whole white matter volume 

change per year (PWWVC/y) +0.42 (P=0.12) (Figure 4)  

and cerebral white matter volume change per year 

(PCWVC/y) +0.51 (P=0.09) (Figure 5). (Table 2)

Table 1 Baseline characteristics of patients

Total (24)
Age - year 36.4±10.41
Age of onset - year 31.6±9.74
Female sex - no. (%) 19 (79.2)
Underlying disease (%) 3 (12.5)
     DLP 1 (4.2)
     Asthma 1 (4.2)
     Hepatitis 1 (4.2)
Race (%)
     Asian 23 (95.8)
     Caucasian 1 (4.2)
Starting diagnosis (%)
     CIS 4 (16.7)
     RRMS 20 (83.3)
     PPMS 0
     SPMS 0
Final diagnosis (%)
     CIS 1 (4.2)
     RRMS 22 (91.7)
     PPMS 1 (4.2)
     SPMS 0
Oligoclonal band testing (%) 6 (25)
Oligoclonal band result (%)
     Positive 4 (66.7)
     Negative 2 (33.3)
MRI T2 Lesion (%)
     0-1 1 (4.2)
     2-9 13 (54.2)
     >9 10 (41.7)
MRI T1+Gd (%)
     0-1 19 (79.2)
     2-9 5 (20.8)
     >9 0
Azathioprine (%) 4 (16.7)
Disease modify therapy (%) 17 (70.8)
     Interferon Beta 14 (82.3)
     Teriflunomide 5 (29.4)
     Fingolimod 5 (29.4)
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Figure 1 Demonstration of spaghetti plot and average whole brain volume loss per year

The overall whole brain volume change per year is -0.68% (95% CI: -1.11 to -0.25, P: <0.01) (ปกหลงัด้านใน)
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Figure 2 Demonstration of spaghetti plot and average whole gray matter volume loss per year

The overall whole gray matter volume change per year is –1.31% (95% CI: -1.84 to -1.78, P: <0.01) (ปกหลงัด้านใน)
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Figure 3 Demonstration of spaghetti plot and average cerebral gray matter volume loss per year

The overall cerebral gray matter volume change per year is –1.33% (95% CI: -1.96 to -0.69, P: <0.01) (ปกหลงัด้านใน)
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Figure 4 Demonstration of spaghetti plot and average whole white matter volume loss per year

The overall whole white matter volume change per year is 0.42% (95% CI: -0.11 to 0.95, P: 0.12) (ปกหลงัด้านใน)
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Figure 5 Demonstration of spaghetti plot and average cerebral white matter volume loss per year

The overall cerebral white matter volume change per year is 0.51% (95% CI: -0.08 to 1.10, P: 0.09) (ปกหลงัด้านใน)

Table 2 Percentage brain volume change per year classified according to each part of brain by using 

multilevel mixed-effects linear regression. 

Brain volume 

change per year, %

Standard error
p-value 95% CI

Whole brain -0.68 0.22 <0.01 -1.11 to -0.25
Whole grey matter -1.31 0.27 <0.01 -1.84 to -0.78
Cerebral grey matter -1.33 0.32 <0.01 -1.96 to -0.69
Whole white matter 0.42 0.26 0.12 -0.11 to 0.95
Cerebral white matter 0.51 0.30 0.09 -0.08 to 1.10
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Table 3 Subgroup analysis of factor affect values of PCGVC per year according to age, MS type and use 

of DMTs during follow-up 

Subject characteristics Mean PCGVC/y (SD), % p-value 95% CI

Age

     >35 (n=13) -1.33 (0.54) 0.59 -0.73 to 1.55

     <35 (n=9) -1.76 (0.60)

MS starting phenotype

     CIS (n=4) -0.64 (0.83) 0.26 -1.74 to 1.45

     RRMS (n=20) -1.69 (0.41)

DMT

     Yes (n=17) -1.56 (0.44) 0.75 -1.00 to 1.61

     No (n=7) -1.26 (0.84)

Interferon Beta

     Yes (n=7) -1.51 (0.31) 0.18 -1.24 to 2.04

     No (n=17) -0.56 (0.64)

Teriflunomide

     Yes (n=5) -1.32 (0.94) 0.83 -1.40 to 1.70

     No (n=19) -1.54 (0.43)

Fingolimod

     Yes (n=5) -1.13 (0.80) 0.60 -1.47 to 1.29

     No (n=19) -1.61 (0.44)

In order to determine the relevant factors which 

affect brain volume loss in MS patients, percentage 

of gray matter volume change per year (PCGVC/y) 

was shown highest significant loss, so we use this 

one for subgroup analysis to explore the factor 

associated with cerebral gray matter volume loss 

including; age, initial MS phenotype and DMT usage

There was no significant age-related difference 

of PCGVC/y in younger or older than 35 years old 

onset of MS patients (-1.33% vs -1.76%; p=0.59). 

Meanwhile, there was no significant differences of 

PCGVC/y between MS patients who had initial CIS 

phenotype and RRMS phenotype (-0.64% vs 

-1.69%; p=0.25), and between MS patients who 

were not on DMT and using DMT (-1.26% vs -1.56%; 

p=0.75). In patients who were on DMT, we also 

analyzed on each specific drug that they used, 

including interferon beta, teriflunomide and 

fingolimod, which were all non-significantly 

difference. (Table 3)

Discussion

Over the previous decade, MRI-base brain 

volumetric was use for analysis many neurological 

diseases and also predict disease prognosis, follow 

up subclinical disease progression and measure 

treatment outcome of many drugs. In MS which 

brain volume changes reflect not only tissue 

loss from the inflammatory demyelination and 

neurodegeneration, but also fluid shift due to 

inflammation, it is difficult to use individualized brain 

volume assessments in a clinical setting of 
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physiological variability. Moreover measurement 

errors (due to human or other technical issues) may 

add to the biological variations related to the 

disease. In this study, we use MAP18 software for 

brain volume metric analysis to control of the above 

limitations.

First, we used a longitudinal data set of MS 

patients that was acquired with the same MRI 

scanner (which did not have major hardware 

upgrades during the more than 5-year study period) 

and by using a same identical protocol T1MPRAGE 

over the long follow-up period. Second, an analysis 

software MAP18 was developed from the same 

based software as other MRI-base brain volume 

metric which were validated by the same result in 

the previous study. Third, some processes related 

to inflammation such as pseudo atrophy or the 

presence of concomitant pathophysiological 

conditions that can make intricate to interpretation 

of brain volume measurements in the single patient 

were minimized by the long term follow-up ranging 

from one to three years, with a mean of 1.6 years in 

follow-up. This long-term follow-up also minimizes 

the impact of the biological variability and 

measurement error on the estimation of the yearly 

rate of brain volume loss.

Although, there are no healthy subject as a 

control group in our cohort to compare brain volume 

change, but we suggest the MAP18 is a valid 

program to use in clinical practice as brain volume 

measurement. Our result in percentage of brain 

volume loss, including whole brain, whole gray 

matter, cerebral gray matter, whole white matter, 

and cerebral white matter are shown similar with 

other previous studies, demonstrated by De Stefano 

N11 and Beadnall HN12 et al. These studies showed 

rate of whole brain volume atrophy by SIENA which 

was developed by difference software library, but 

had similar rate of brain atrophy comparable with 

our study and furthermore the rate of cerebral gray 

matter atrophy in the study by FreeSurfer also had 

similar result with our study.13

The factors including age at onset, initial MS 

phenotype and DMT usage (including interferon 

beta, teriflunomide and fingolimod) did not affect 

PCGVC/y difference. There is one study demonstrated 

that fingolimod reduced the rate of brain volume 

loss in patients with relapsing multiple sclerosis.14 

This has not been demonstrated in our study which 

may be explained by the small sample size that may 

not have enough power to see the difference and 

the delay usage of fingolimod as the second line 

drug for MS treatment. Patient in our cohort usually 

receive first line medication until reach the suboptimal 

response, then start fingolimod. This might influence 

the benefit of fingolimod to protect brain volume loss.

The limitation of this study is having small 

number of patients in a single tertiary neurological 

referral center, so the further assessment in 

prospective multicenter studies by focusing on 

healthy individuals to establish normative values 

and pathologic brain volume changes of MS 

patients from a large population with all of possible 

confounding factors should be done.
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