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BRAIN ATROPHY PATTERNS IN PATIENTS WITH FRONTOTEMPORAL DEMENTIA:
VOXEL-BASED MORPHOMETRY

Akhmadullina DR' &, Konovalov RN, Shpilyukova YUA', Grishina DA22, Berdnikovich ES', Fomenko SS', Fedotova EYu', lllarioshkin SN’

" Research Center of Neurology, Moscow, Russia
2 Sechenov First Moscow State Medical University, Moscow, Russia
8 Pirogov Russian National Research Medical University, Moscow, Russia

Frontotemporal dementia (FTD) is a neurodegenerative disorder characterized by language and behaviour deficits, which is considered the second most common
cause of early-onset dementia. Detection of brain atrophy patterns is important for FTD diagnosis. However, the visual assessment of magnetic resonance imaging
data may not be sensitive enough requiring the use of objective gray matter (GM) volume determination method. The study was aimed to assess the GM atrophy
pattern in patients with FTD compared to control group patients using voxel-based morphometry (VBM). The study included 16 patients with FTD (12 patients
with nonfluent agrammatic variant primary progressive aphasia (nfvPPA), three patients with behavioral variant of FTD, and one patient with logopenic variant PPA)
and 10 healthy volunteers. VBM of patients with FTD and healthy controls revealed three significant (oFWE-corr < 0.05) atrophy areas in the left inferior frontal, left
fusiform, and left supramarginal gyri. Taking into account the predominance of patients with nfvPPA in the group of FTD patients, the additional VBM of this group
and control group was carried out, which revealed a distinct atrophy pattern: the reduced GM volume was detected in the left inferior frontal and left middle frontal
gyri (pDFWE-corr < 0.05). The results obtained indicate that regardless of the clinical variant, there is a certain atrophy pattern characteristic of FTD, which involves
both frontotemporal areas and parietal lobe. The example of nfvPPA shows that each variant of the disease is associated with distinct localization of atrophy.
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JlobHo-BrCOYHasA demeHums (J1BL) — HelpogereHepaTviBHOe 3aboneBaHue, BTopasi Mo YacToTe AEMEHUMS C PaHHVM HavasioM, MNPOSBASIOLLAACA peyeBbiMU 1
MOBEAEHYECKVMI HapyLLEHVSaM. BbisiBneHne naTTepHOB aTpodun BaXKHO AN AnarHOCTUKK faHHOM natonorim. OfHako BU3yasbHas oLeHKa AaHHbIX MarHUTHO-
pe30HaHCHOWM ToMorpaduin MOXeT BblTb HEAOCTATOMHO YyBCTBUTENBHOM, YTO TPebyeT MCMonb30BaHWs O6BEKTVUBHOIO MeToda onpefeneHns obbema ceporo
BeLLlecTsa (CB). Llensto nccnenosaHnst Ob110 oLeHnTb natrepH atpodumn CB y nauverTos ¢ JIBL, B CpaBHEHUN C KOHTPOMBHOW MPYMNMON NPy MOMOLLM BOKCESb-
opueHTMpoBaHHoO MopcomeTpun (BOM). B nccnenoBaHme BktodeHbl 16 nauveHTos ¢ JIBL (12 — ¢ arpaMmaTii{ecKinmM BapyaHToM NepBUHHON NMPOrpeccrpytoLLe
adasum (aslrMA), Tpn — ¢ noBeaeHYeckM BapuaHTom J1B[, oanH — ¢ noroneHndeckum sapuanTtom [MMA) 1 10 3nopoBbix Jo6poBonbLEB. [Npn npoBeaeHn
BOM B rpynne JIB[] 1 KOHTPOMBHOW rpynne BbISBIEHO TPW CTATUCTUYECKN 3Ha4MMble (PFWE-corr < 0,05) 30Hb! aTpothut — B NEBOV HKHEN TOGHOM N3BUIVHE,
neBoin dy3nopMHOA 1 NEeBOI HafKpaeBoin n3BuIMHax. B ceasn ¢ npeobnapaHnem B rpynne J1IBL naupeHToB ¢ aslMMA gononHutensHo nposoaunn BOM B
3TOW rpynne v rpynne KOHTPOMS, NpY KOTOPOK OblN BbISIBNEH MHOW NaTTepH atpodun: yMeHbLLeHne obbema CB 06Hapy»XeHO B NEBOW HYDKHEN NOBHOM 1 NeBOW
cpenHel nobHom n3smnmHax (PFWE-corr < 0,05). MonyyeHHble pesynsratbl NokasblBatoT, 4To AN JIBL He3aB1CUMO OT KIMHUHYECKOrO BapuaHTa XapakTepeH CBO
onpeaeneHHbIi NaTTeTpH aTpodun, 3axBaTbIBaOLLIMIA KaK NIO6HO-BMCOYHbIE OTAENMbI, TaK 1 TEMeHHYtO Aonto. Ha npumepe aslMIMA 6bii10 NokasaHo, YTo Yy KaXkaoro
13 BapUaHTOB 3ab0sIeBaHNS NIOKaNM3aLmsa atpodrHeckoro NpoLiecca NMeET OTAIMYHBI OT APYrnX XapakTep.
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Frontotemporal dementia (FTD) is a neurodegenerative disorder
characterized by behaviour and/or language deficit progression.
FTD usually affects people aged 45-65. It is considered to
be the second most common cause of early-onset dementia
(before age 65), second only to Alzheimer disease (AD) [1].

The following three clinical subtypes of the disorder are
distinguished based on the most prevalent deficit: behavioral
variant of FTD (bvFTD), semantic variant primary progressive
aphasia (svPPA), and nonfluent variant primary progressive
aphasia (nfvPPA). The logopenic variant PPA (IVPPA) is typically
classified as atypical AD, however, up to 24% IVPPA cases
may be attributed to as FTD based on the pathomorphological
investigation results [2]. BVFTD is characterized by progressive
deficits in executive function, apathy, behavioural disinhibition,
eating disorder, altered motor activity and euphoria. The
patients demonstrate risky impulsive behaviour and indifference
to people around them. In some of the patients, irritability and
sleep disturbances are observed [3]. In patients with primary
progressive aphasia (PPA), language impairment is one of the
most prominent and disabling manifestations. In patients with
svPPA, the single word comprehension deficits and anomia
are observed. The early manifestation is poor comprehension
of low frequency words. As symptoms progress, the patients
also lose knowledge about more familiar words and objects.
The main symptoms of nfvPPA are agrammatisms involoving
verbal and subsequently written language, and speech apraxia.
As time progresses, difficulties arise with comprehension of
syntactically complex sentences, the speech becomes limited,
often consisting of single short sentences and subsequently
of short phrases. Most patients with IVPPA experience word-
finding difficulties and are unable to repeat long sentences,
since the deficit affects the phonological working memory.
The above FTD variants manifestations may overlap with
motor impairment, such as motor neuron disease (MND) or
parkinsonian syndromes (corticobasal syndrome or progressive
supranuclear palsy syndrome) [4].

In addition to the clinical manifestations diversity, FTD is
characterized by genetic and morphological heterogeneity. The
proportion of familial cases is as large as 40%. To date, over
20 genes have been identified, the mutant variants of which are
involved in FTD. Yet, the vast majority of genetic cases of the
disease are associated with mutations of three genes: C9orf72,
GRN, MAPT [5]. Histological analysis of FTD specimen has
revealed pathological accumulation of tau protein, TDP-43 or
FET family proteins making it possible to classify FTD into three
molecular subtypes [6].

Given the prominent FTD heterogeneity, the study and
diagnosis of the disease are a major challenge. The existing
diagnostic criteria are based on clinical manifestations and
neuroimaging data, especially the visual assessment of brain
atrophy on magnetic resonance imaging (MRI) and/or computed
tomography (CT), or hypoperfusion/hypermetabolism on
positron emission tomography (PET) and/or single-photon
emission computed tomography (SPECT). The affected areas
characteristic of each variant have been distinguished: bilateral
frontal and anterior temporal lobe atrophy for bvFTD, frontal
and insular lobe atrophy with predominant left hemisphere
involvement for nfvPPA, anterior temporal lobe atrophy for
sVPPA, and left parietal lobe atrophy with predominant left
posterior perisylvian atrophy for IVPPA [7, 8].

However, in recent years it has been shown that visual
assessment of MRI data may be insuffucient to identify a
characteristic atrophy pattern. According to a number of
reports, the accuracy of MRI in diagnosis of bvFTD varies
between 59- 70% [9, 10]. One of the methods for the MRI
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objectivity improvement is voxel-based morphometry (VBM),
the voxel-wise comparison of brain volume between two
studied groups in order to detect the significant gray matter
(GM) atrophy.

The use of VBM to study FTD has shown that the
pathogenetic process is not limited to frontal and temporal
lobes. In patients with distinct variants of the disorder, the parietal
and occipital areas, cerebellum, insular lobes and subcortical
structures may be also affected [11-15]. However, with the new
knowlege it becomes clear, that the findings of studies vary
significantly. Thus, meta-analysis of publications on the use of
VBM in patients with bvFTD revealed the significant frontal and
insular lobes atrophy, as well as the bilateral striatum atrophy,
but showed no significant temporal lobes lesions (one of the
bvFTD diagnosis criteria) reported by a number of authors [16].

Moreover, some reports show that clinical manifestations
of PPA may vary depending on the patient’s native language,
therefore, the FTD-associated atrophy patterns may vary
depending on the studied population [17, 18]. However, no
studies of characteristic FTD-associated atrophy features in
Russian population have been performed.

The study was aimed to reveal the characteristic patterns of
brain atrophy common to distinct FTD variants in the Russian
population.

METHODS

The study was carried out at the Research Center of Neurology.
Inclusion criteria: patients who fulfilled the diagnostic criteria of
FTD; age over 18 years. Exclusion criteria: contraindications
for MRI; serious health condition requiring the advanced
life support; structural focal brain lesions (tumors, effects
of cerebrovascular accident or traumatic brain injury, etc.).
A cohort of 16 FTD patients (6 men and 10 women; average
age 61.2 + 9.4 years), and 10 healthy volunteers (4 men and 6
women; average age 55.6 + 11.3 years) were included in the
study. The groups were matched for age and gender.

Twelve (68.75%) patients of index group were diagnosed
with nfvPPA, three patients (18.75%) were diagnosed with
bvFTD, and one patient (6.25%) had IVPPA. The patient
with IVPPA underwent lumbar puncture with amyloid-B level
assessment. The normal amyloid-f level value made it possible
to exclude AD. One of the patients with nfvPPA had signs
of MND (FTD-MND phenotype). The average age of nfvPPA
patients was 60.6 + 7.5 years, the four of them were males.

At the time of the study, the disease duration ranged from
12 to 84 months, and the average duration of the disease was
47.6 + 21.3 months. The disease severity was assessed using
the Frontotemporal Dementia Rating Scale (FTD-FRS) [19]:
3 patients were rated as having very mild FTD, 4 patients had
mild FTD, and 7 patients were diagnosed with moderate FTD;
the group also included one patient with severe and one patient
with extremely severe FTD. The total Frontal Assessment
Battery (FAB) score ranged from 3 to 15, the average value
was 9.3 + 3.9. It was difficult to use the Montreal Cognitive
Assessment (MoCA) test in 8 patients due to severe language
and/or behaviour deficits (apathy, restlessness, refusal to
perform tests). The average score of patients tested was
22.25 + 6.04. In addition, all patients were tested for literal and
semantic verbal fluency. The significant literal and semantic
verbal fluency decline was revealed (an average of 3 and 7
words per minute, respectively).

MRI of the brain in the 3D-T1 MPR (multiplanar
reconstruction) mode was performed in all patients using the
Magnetom Verio 3T system (Siemens; Germany). The MRI data
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post-processing and statistical analysis were carried out using
the SPM12 software (Statistical Parametric Mapping; Institute of
Neurology, UK) written using Matlab R2019b (Mathworks; USA).

Post-processing included spatial normalization of images
to MNI (Montreal Neurological Institute) reference space, MR
images segmenting into GM, white matter and cerebrospinal
fluid using the DARTEL (Diffeomorphic Anatomical Registration
Through Exponentiated Lie Algebra) algorithm, as well as
spatial smoothing using the isotropic Gaussian filter kernel with
full width at half maximum (FWHM) size 8 mm in order to align
the individual structural characteristics.

The Easy Volumes utility (Institute of Neurology; UK) was
used to calculate total GM volume, as well as bilateral GM
volume in frontal, temporal, parietal, occipital, insular lobes and
basal ganglia.

VBM data vizualiation, statistical analysis, data withdrawal
and coordinates localization were performed using the xjView
software [20].

The assessment of VBM results included cluster analysis
using the two-sample t-test with the whole brain voxel-wise
comparison of GM volume between the studied groups. The
threshold for the individual voxels of the cluster was set to
p < 0.0001. The analysis included the GM clusters of cerebral
hemispheres with minimum area volume of > 100 voxels and
significance level of p < 0.05 adjusted for multiple comparisons
to control the family-wise error (FWE) rate. The analysis of the
results was performed at the cluster and peak levels.

Statistical data processing was performed using the IBM
SPSS Statistics 23.0 software (IBM; USA). The differences
in the brain GM volume between two groups were assessed
using the Mann-Whitney U test (Bonferroni adjusted). The
relationship between clinical data and brain GM atrophy was
defined by correlation analysis using the Spearman's rank
correlation coefficient.

RESULTS

VBM revealed a significant decline in GM volume in the left
inferior frontal, supramarginal and fusiform gyri in patients with
FTD compared to controls (Table 1, Fig.). The greatest degree
of atrophy was observed in the left inferior frontal gyrus.

Due to the significant prevalence of nfvPPA among patients
with FTD, the additional analysis of this group was carried out.
VBM revealed significant degree of atrophy in the small areas
of left middle and inferior frontal gyri in patients with nfvPPA
compared to controls (see Table 1).

At the next stage the calculation of total GM volume and
GM volume in frontal, temporal, parietal, occipital and insular
lobes, as well in basal ganglia of the right and left hemispheres,
was carried out in both groups. The differences between two
groups were significant (o < 0.05) in all listed areas (Table 2).

Correlation analysis revealed a significant negative correlation
between the left temporal lobe GM volume and the duration of
the disease (Spearman's rank correlation coefficient —0.53;
p = 0.035). No correlations with other clinical manifestations
and neuropsychological findings (total MoCA and FAB score,
semantic and literal verbal fluency, disease severity) were detected.

DISCUSSION

The study showed that in the group of patients with FTD the
significant GM volume decline was observed in the following
areas: left inferior frontal, supramarginal and fusiform gyri.

The greatest cluster of atrophy was detected in the left
inferior frontal gyrus, which is the location of Broca’s area
involved in the motor—-phonological network regulation, as well
as in the complex grammatical and syntactic constructions
comprehension and production. Atrophy of the described area
is one of the major signs of nfvPPA, which correlates with overall
severity of aphasia and severity of agrammatisms [21, 22]. The
greater degree of atrophy in the left inferior frontal gyrus may be
explained by the predominance of patients with this phenotype
in the FTD group.

The fusiform gyrus involvement has been reported for all
PPA variants and bvFTD [22, 23]. Together with orbitofrontal
cortex, amygdala and other temporal association areas, the
fusiform gyrus forms a perceptual system responsible for
recognition and analysis of others’ social signals (for example,
understanding of facial expressions) [24], i. e. plays a part in the
social behaviour production. Furthermore, it has been shown,
that the fusiform gyri atrophy in patients bvFTD correlates with
the severity of disinhibition [25].

Table 1. Areas of significant (pFWE-corr < 0.05) gray matter volume reduction based on VBM data

Cluster level Peak level
o MNI peak coordinates
Localization of atrophy (X, y, 2, mm
Degree of atrophy pFWE-corr T z pFWE-corr (peak level) o
(voxels)
FTD group < control group

11.14 | 6.47 < 0.001 -36, 3,24
Inferior frontal gyrus, S 8198 < 0.001

9.66 6.05 < 0.001 -44, 14,17

7.66 5.35 0.003 -47,-41, 35
Supramarginal gyrus, S 350 < 0.001 6.57 4.88 0.021 -35, -44, 44

6.54 4.87 0.022 -33, -39, 33

7.04 5.09 0.009 -54, -8, -27
Fusiform gyrus, S 136 0.001

6.91 5.03 0.011 -57,-17,-23

nfvPPA group < control group

9.24 5.63 0.002 -30, 38, 33
Middle frontal gyrus, S 122 < 0.001

7.56 5.08 0.023 -30, 47, 23

8.46 5.39 0.006 -50, 14,17
Inferior frontal gyrus, S 155 < 0.001 7.95 5.21 0.013 -53, 6, 15

7.89 5.19 0.014 -56,-3, 17

Note: S — left.
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=

Fig. Localization of significant (pFWE-corr < 0.05) GM volume decline in patients with FTD compared to control group. A. Lleft inferior frontal gyrus. B. Left supramarginal

gyrus. C. Left fusiform gyrus. From left to right: sagittal, axial and coronal slices

The supramarginal gyrus is involved in phonological short-
term memory and phonological speech processing. It also
appears to be connected to brain areas responsible for speech
motor control [26]. Although the affected supramarginal gyrus
is typically considered a neuroimaging sign of WPPA, some
papers report the supramarginal gyrus atrophy in patients with
nonfluent agrammatic and semantic variant PPA [7, 27, 28].

Since the nfvPPA phenotype was observed in vast majority
of patients of the FTD group, it might be assumed that the GM
volume decline in all three areas was associated with nfvPPA,
while the other variants’ contribution was not of comparable
importance. However, VBM in patients with nfvPPA and control

Table 2. Gray matter volume in patients with FTD and control group

group patients revealed the different pattern of atrophy: the
affected left inferior frontal and middle frontal gyri. The involvement
of left inferior frontal gyrus was less extensive and pronounced
compared to the FTD group, while the affected middle frontal
gyrus was restricted to that particular group. The similar pattern
of atrophy has been previously reported, for example, in the
meta-analysis performed in 2007, which revealed reduced
volume of opercular part of inferior frontal gyrus, middle frontal
gyrus, lentiform nucleus and superior temporal gyri [15], and
the other study, which revealed the affected left precentral gyrus
in addition to the listed above areas [29]. The decline in inferior
frontal gyrus atrophy degree and severity might be associated

Gray matter volume FTD Control Significance level, Mann-Whitney
Median [LQ; UQ] Median [LQ; UQ] Utest (p)
Total 508.4 [474.8; 534.2] 656.2 [597.6; 721.0] < 0.001
Frontal lobe, S 33.4 [30.0; 35.4] 53.4 [47.1; 56.5] < 0.001
Frontal lobe, D 40.2 [35.7; 44.6] 56.6 [48.7; 59.0] < 0.001
Temporal lobe, S 33.4[31.1; 39.4] 50.0 [43.4; 54.8] < 0.001
Temporal lobe, D 41.4 [35.5; 47.2] 51.9 [46.2; 57.8] 0.002
Parietal lobe, S 30.3 [28.1; 35.7] 46.5 [38.5; 49.3] < 0.001
Parietal lobe, D 38.0 [33.6; 41.8] 49.2 [41.8; 52.9] 0.003
Occipital lobe, S 14.8 [13.4;16.7] 20.3 [17.4; 23.4] < 0.001
Occipital lobe, D 12.4[11.0; 13.0] 15.6 [13.2; 16.4] 0.003
Insular lobe, S 5.5[5.2;6.0] 7.9[7.1;8.4] <0.001
Insular lobe, D 6.3 [5.5;7.0] 7.9[7.2;8.5] 0.001
Basal ganglia, S 8.0[7.0; 9.4] 12.1[10.8; 12.5] < 0.001
Basal ganglia, D 10.0[7.8; 10.4] 12.0[10.9; 12.6] 0.001

Note: LQ — lower quartile, UQ — upper quartile, S — left, D — right.
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with more severe disorder in patients with bvFTD and IVPPA (the
average FTD-FRS score was 2.36 among patients with nfvPPA
and -0.04 among other patients) given the similar average
duration of the disease at the time of assessment (47.5 months
in patients with nfvPPA, 48 months in other patients).

Thus, the atrophy of left fusiform and supramarginal gyri
detected during the whole group analysis can not be explained
by the sampling bias toward the patients with nfvPPA, and is
likely to result from the listed areas’ lesion in all studied variants
of the disease.

The study of correlations of clinical and neuropsychological
data with the volume of distinct lobes and subcortical structures
revealed only one significant negative correlation between the
volume of left temporal lobe and the duration of the disease.
The involvement of the left temporal lobe may be explained
by the left fusiform gyrus lesion. However, taking into account
the prevalence of nfvPPA and greater degree of atrophy in the
left inferior frontal gyrus, the correlation of the left frontal gyrus
volume with the severity of the disease and speech fluency
impairment might be expected, reported in a number of papers.
The lack of such correlation may be due to several factors. First,
not the volume of distinct gyri, but the volume of entire lobes was
taken into account during the analysis. Second, the severity of
the disease was assessed using the Frontotemporal Dementia
Rating Scale (the questionnaire, which includes the whole range
of symptoms), whereas given the predominance of PPA it would
be judicious to perform additional assessment of the patients’
condition using the aphasia severity scales. Lack of correlations
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CONCLUSION
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