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Background and objective: Many surveys of neural integrity of the cerebral white matter
with psychiatric diseases on diffusion tensor imaging have recently been performed, but these
mainly utilize fractional anisotropy (FA) and the apparent diffusion coefficient (ADC) values,
and the results were inconsistent and not fully applied clinically. In this study, we investigated
the possibility of differentiating between Alzheimer’s disease (AD) and elderly major depressive
disorder (MDD) patients in whom early-stage symptoms are difficult to diagnose, by visually
evaluating cerebral nerve fascicles utilizing diffusion tensor tractography. We also measured
and evaluated FA and ADC values at the same time.

Subjects and methods: The subjects included 13 AD patients (age: 69.5 + 5.1 years),
19 MDD patients (65.8 + 5.7 years), and 22 healthy control (HC) subjects (67.4 + 4.8 years).
Images were acquired using a 1.5T magnetic resonance imaging device and analyzed by diffu-
sion tensor tractography analysis software.

Results: Depiction of the anterior thalamic radiation (ATR) tended to be poor in AD patients
unlike in MDD patients and HC subjects. The FA values in the left superior longitudinal
fasciculus and fornix (FX) in AD patients were significantly different from those in MDD
patients and HC subjects. The ADC values in the bilateral ATR and left superior and inferior
longitudinal fasciculi, left inferior fronto-occipital fasciculus, and FX in AD patients were
significantly different from those in MDD patients and HC subjects.

Conclusion: Visual evaluation of the ATR in combination with the FA values of the left
superior longitudinal fasciculus and FX and ADC values of the bilateral ATR, left superior
and inferior longitudinal fasciculi, left inferior fronto-occipital fasciculus, and FX is useful for
differentiating between AD and MDD patients, which further suggests that it may become a
useful auxiliary diagnostic tool.

Keywords: Alzheimer’s disease, anterior thalamic radiation, diffusion tensor imaging, diffusion

tensor tractography, MRI

Introduction

In elderly major depressive disorder (MDD) patients, dementia-like symptoms may
develop as pseudodementia, which may progress to Alzheimer’s disease (AD). Since
a depressive state may also be observed in the early stages of AD, accurate diagnosis
is difficult. Sometimes AD and MDD can also occur together, which makes their dif-
ferentiation even more difficult. Because each disorder requires different treatments,
establishing an objective method for differentiating between AD and MDD is important.
The objective of this study is to investigate the possibility of differentiating AD patients

submit your manuscript
Dove

http:

International Journal of General Medicine 2013:6 189-200 189
© 2013 Niida et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


mailto:aniida@nirai.ne.jp
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/IJGM.S42953

Niida et al

Dove

from elderly MDD patients and healthy control (HC) subjects
by identifying characteristics of visual observations in
combination with the fractional anisotropy (FA) and apparent
diffusion coefficient (ADC) values in abnormal white matter
integrity on diffusion tensor tractography (DTT).

Alzheimer’s disease is a common dementia that most
frequently develops in elderly persons. Many surveys of
neural integrity of the cerebral white matter with psychiatric
diseases on diffusion tensor imaging (DTI) have recently
been performed,"* but these mainly utilize FA and ADC
values, and the results were inconsistent and not fully applied
clinically. (ADC values were sometimes referred to as mean
diffusivity (MD) values in previous researches.) Additional
imaging studies have reported reduced volumes of gray
matter, such as in the parahippocampal gyrus and entorhinal
cortex in the medial region of the temporal lobe on structural
magnetic resonance imaging (MRI)*2¢ and reduced glucose
metabolism?”° and circulation®*? in the posterior cingulate
gyrus and precuneus on positron emission tomography and
single photon emission computed tomography. Since AD
has recently been regarded as cortical connection insuf-
ficiency syndrome, influencing not only cortical nerve
cell bodies but also axons and dendrites, many studies on
white matter integrity utilizing the FA and ADC values on
DTI and DTT have been performed, and abnormalities and
reduced FA values in the total white matter excluding the
occipital lobe, %! callosal splenium,'>% cingulate fasciculus
(CF),'8192122 yncinate fasciculus (UF),'®!*3 superior longi-
tudinal fasciculus (SLF),?33 inferior longitudinal fasciculus
(ILF),?? and fornix (FX)*? have been reported. Even though
they have shown a tendency to some extent, no consensus
has been reached.

Nerve-fiber visualization utilizing DTT has not previ-
ously been utilized for the evaluation of neural fiber integrity
because of inferior objectivity due to variation in the results
depending on MRI devices and analysis software. In this
study, however, we have been able to retain the objectivity
of nerve fiber depiction by utilizing an identical device and
analysis software. If there is a difference in white matter
integrity between AD and MDD, differentiation becomes
possible, which further suggests that this method becomes a
simple and useful auxiliary diagnostic tool.

In this study, we prepared DTT of cerebral white matter
nerve fascicles, and investigated its usefulness for differ-
entiation between AD and MDD by evaluating the nerve
fiber depiction, in addition to the FA and ADC values. The
anterior thalamic radiation (ATR),33 CF,!81921.22 JE %1819
SLE*!% ILE?? inferior fronto-occipital fasciculus (IFOF),*

and FX,?>? used as the subjects in preceding studies, were
selected for the nerve fascicles to be traced.

Depiction of the bilateral ATR by DTT tended to be unfa-
vorable in AD patients compared to those in MDD patients
and HC subjects. In addition, the FA value was reduced in
the left SLF and FX compared to those in MDD patients
and HC subjects, and the ADC value was increased in many
nerve fascicles.

The above findings suggest that visual evaluation of the
ATR utilizing DTT is useful to differentiate between depres-
sion symptoms in AD patients and pseudodementia in elderly
MDD patients, in addition to the FA values in the left SLF
and FX, and the ADC values in the bilateral ATR, left SLF,
left ILF, left IFOF, and FX.

Subjects and methods

Subjects

This study was performed after approval by the Ethics
Committee of Nanbu Hospital, Okinawa, Japan. Informed
consent was obtained from all subjects. The subjects included
13 age-matched AD patients (six males and seven females
aged 59-77 years [mean: 69.5 + 5.1 years]), 19 MDD patients
(3 males and 16 females aged 58—74 years [mean: 65.8 *
5.7 years]), and 22 HC subjects (8 males and 14 females
aged 59—77 years [mean: 67.4 £ 4.8 years]). The AD and
MDD patients were diagnosed based on an interview and
patient observation following the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition* by a psychia-
trist at Nanto Clinic or neurologists at Nanbu Hospital. In AD
patients, the Mini Mental State Examination (MMSE) score
was 0-8 in zero, 9-16 in three, 17-24 in eight, and 25-30 in
two patients, respectively, and the mean was 19.6 £ 4.2. The
HC subjects were patients with no mental disorder or physical
disease, such as hypertension and diabetes, who visited the
clinic or hospital for close examination of headache, and no
apparent organic disease was observed on MRI. All subjects
were right-handed (Table 1).

MRI
We performed MRI of the brain with a 1.5T MRI (Achieva
Nova; Koninklijke Philips Electronics NV, Amsterdam,
The Netherlands) using an eight channel SENSE-head coil.
Diffusion-weighted data were collected with a spin
echo single shot echo planner imaging sequence (repetition
time/echo time/flip angle: 6231 msec/75 msec/90°) with
the sensitivity encoding, or SENSE, parallel imaging
scheme (reduction factor, 2.0). Diffusion gradients were
applied in 15 spatial directions. The b values used were
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Table | Clinical characteristics of all samples (n = 54)

Characteristic AD MDD HC H x? df P-value
Samples 13 19 22
Sex
Male 6 3 8 3.71 2 0.156
Female 7 16 14
Age, years 59-77 58-74 59-77
Mean + SD 69.5 £ 5.1 658+ 5.7 674148 39 2 0.141
MMSE 19.6 4.2
=8 0
9-16 3
17-24 8
=25 2

Abbreviations: AD, Alzheimer’s disease; df, degrees of freedom; H, Kruskal-Wallis nonparametric multiple sample test; HC, healthy control; MDD, major depressive
disorder; MMSE, Mini Mental State Examination; SD, standard deviation; xz, Chi-square for independence test.

0 seconds/mm? and 800 seconds/mm?. Images were acquired
with a 116 X 116 matrix, 230 x 230 mm field of view filled
to 256 x 256 pixels. The reconstruction voxel size was
1.75 % 1.75 x 1.75 mm. Fifty transverse sections of 3 mm slice
thickness were acquired. Two measurements were obtained
and averaged. The total acquisition time was 3 minutes and
26 seconds.

The structural data for anatomic guidance were
provided by a three-dimensional T -weighted fast field
echo sequence (repetition time/echo time/flip angle:
9.3 msec/4.3 msec/10°). Images were acquired with a
256 X 256 matrix, 240 x 240 mm field of view. The recon-
struction voxel size was 0.94 x 0.94 x 0.94 mm. A total of
160 sagittal sections of 2 mm slice thickness with 1 mm
superimposed slices were acquired. Two measurements
were obtained and averaged. The total acquisition time was
3 minutes 35 seconds.

DTT (diffusion tensor tractography)

DTI (diffusion tensor imaging) is a method of noninvasively
measuring and imaging the diffusion of water molecules
using MRI. In the cerebral white matter, diffusion is more
enhanced in the direction parallel to the longitudinal axis
of the fiber tract and less perpendicular. Microstructural
abnormalities of the cerebral white matter and neural fiber
integrity can be evaluated by qualitatively and quantita-
tively investigating the direction of nerve fiber distribu-
tion.””*® The FA and ADC values are used as parameters
quantitatively representing diffusion anisotropy.***' The
FA value represents the normalized standard deviation of
diffusion tensors in three directions crossing each other at
right angles (three diffusivity), and the values range from
0 to 1. The value is close to 1 when diffusion anisotropy is
strong. The ADC value represents the mean of the diffusion

ranges of diffusion tensors in the three directions, and the
overall diffusion range indifferent from the directions can
be evaluated. In addition, DTT enabled visual observation
of the nerve distribution.*? The DTT method can be used to
assume macroscopic nerve fascicle distribution by inves-
tigating whether or not the diffusion anisotropy vectors
of adjacent voxels are continuous based on information
obtained by DTI.

The collected DTI data were sent to a workstation of
Philips Extended MR WorkSpace (release 2.6.3.2), and ana-
lyzed using FiberTrak software (release 2.6.3.2; Koninklijke
Philips Electronics NV, Amsterdam, The Netherlands). As
default values, the step width of fiber tracking was set at
10 mm, and the conditions for the discontinuation of fiber
tracking were an FA value of <0.15 and flip angle of >27°.
By the use of the multiple region of interest (ROI) approach,
INCLUDE-ROIs, with which including regions are specified,
were manually set referring to the tractography atlas, and
EXCLUDE-ROIs, with which excluding regions are speci-
fied, were set in regions containing other mixed nerve fibers
to exclude these fibers.*** For example, the corticospinal
and corticopontine tracts are mixed in the ATR, but pure
ATR can be visualized by setting EXCLUDE-ROIs includ-
ing the midbrain tracts (Figure 1). To exclude anatomically
consistent nerve fibers appearing as if they were continuous
to the opposite cerebral hemisphere due to fiber crossing,
such as in the corpus callosum, EXCLUDE-ROI was also
set between the cerebral hemispheres to visualize pure nerve
fascicles. Likewise, the bilateral ATR, CF, SLF, ILE, UE, IFOF,
and FX were also depicted (Figure 2). The mean FA and
ADC values of voxels containing each nerve fascicle were
determined. The time required to prepare DTT was about
15 minutes. To verify the reproducibility of DTT preparation,
DTT was repeated in ten HC subjects by the same operator
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Figure | Superimposition of a DTT image of the left ATR on a sagittal T -weighted image in HC. (A) INCLUDE-ROI | was set in the coronal plane passing the anterior
commissure, and INCLUDE-ROI 2 was set in the coronal section passing the center of the genu of the corpus callosum. The ATR passing both ROIs is depicted with the
corticospinal and corticopontine tracts. (B) The corticospinal and corticopontine tracts in this region were excluded by setting EXCLUDE-ROI 3 in the cross sectional plane

passing the midbrain, resulting in the depiction of pure ATR.

Abbreviations: ATR, anterior thalamic radiation; DTT, diffusion tensor tractography; HC, healthy control; ROI, region of interest.

after 1 month, and the detectability and FA and ADC values
of each nerve fascicle were compared.

Analytical method

Firstly, we attempted visual evaluation of acquired tractography
images. When the overall view expected from the tractography
atlas®* was not visualized or the number of nerve fascicles
was extremely small, the depiction was regarded as poor.

Based on images of over 500 patients, depiction ofno or only a
few nerve fascicles in the region beyond the genu of the corpus
callosum in the ATR was regarded as poor depiction. In the
CF, when no nerve fascicle was depicted in the anterior upper
region of the corpus callosum, the depiction was regarded as
poor. In the SLF, absolutely no depiction of the tract from the
parietal to the temporal lobe was regarded as poor. In the ILF,
detection of extremely few nerve fascicles was regarded as

Figure 2 Nerve fascicles superimposed on T -weighted sagittal images in HCs. (A) Anterior thalamic radiation; (B) cingulate fasciculus; (C) superior longitudinal fasciculus;
(D) inferior longitudinal fasciculus; (E) uncinate fasciculus; (F) inferior fronto-occipital fasciculus; (G) fornix.

Abbreviation: HC, healthy control.
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poor depiction. In the UE zero depiction of nerve fascicles
extending to the orbitofrontal cortex was regarded as poor.
In the IFOF, detection of extremely few nerve fascicles or no
nerve fascicle extending to the prefrontal cortex was regarded
as poor depiction. In the FX, zero depiction of the crus was
regarded as poor (Figure 3).

The mean or median FA and ADC values of each nerve
fascicle were compared between the AD and MDD groups,
between the AD and HC groups, and between the MDD
and HC groups employing Student’s and Welch’s #-tests and
Mann—Whitney U-test. In addition, the laterality of nerve
fascicles was compared among the subject groups.

Finally, the relationships between AD severity with ATR
detectability and FA and ADC values were investigated in
AD patients.

Results

The sex ratio was significantly different among the AD,
MDD, and HC groups, and this may have been due to a high
incidence of MDD in females. No significant differences
were noted in the ages among the three groups. In the ten HC
subjects investigated to confirm reproducibility, there were no

significant differences in the detectability of nerve fascicles
or FA or ADC values, based on which the examination was
judged as reproducible.

Visual evaluation

Of'the 13 AD patients, ATR depiction was poor on at least one
side in nine: right and bilateral ATR in two and seven, respectively.
The CF depiction was poor on at least one side in four: right and
bilateral CF in two each. The SLF depiction was poor on at least
one side in two: right and bilateral SLF in one each. Right ILF
depiction was poor in one, and left UF depiction was poor in two.
The IFOF depiction was poor on at least one side in five: right,
left, and bilateral IFOF in two, one, and two, respectively. The
FX depiction was poor in eleven. Of the 19 MDD patients, right
CF depiction was poor in two, and SLF depiction was poor on at
least one side in six: right, left, and bilateral SLF in four, one, and
one, respectively. Left UF and right IFOF depiction was poor in
one. The FX depiction was poor in nine. Of the 22 HC subjects,
right CF depiction was poor in one, and bilateral SLF depiction
was poor in two. The IFOF depiction was poor on at least one
side in five: right, left, and bilateral IFOF in two, two, and one,
respectively. The FX depiction was poor in eleven. No laterality

Figure 3 An example of poor depiction of the nerve fascicles superimposed on T -weighted sagittal images. (A) Anterior thalamic radiation. Only a few nerve fascicles
were depicted in the region beyond the genu of the corpus callosum (arrow). (B) Cingulate fasciculus. No nerve fascicle was depicted in the anterior upper region of the
corpus callosum (arrow). (C) Superior longitudinal fasciculus. The region from the parietal to temporal lobe was not depicted (arrow). (D) Inferior longitudinal fasciculus.
Only a few nerve fascicles were depicted (arrow). (E) Uncinate fasciculus. The nerve fascicle extending to the orbitofrontal cortex was not depicted (arrow). (F) Inferior
fronto-occipital fasciculus. Very few nerve fascicles were noted, and no nerve fiber extending to the prefrontal area was depicted (arrow). (G) Fornix. The crus was not
depicted (arrow).

submit your manuscript

International Journal of General Medicine 2013:6

193

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Niida et al

Dove

was noted in the nerve fascicle detectability. The nerve fascicle
detectability in the ATR in the AD group was significantly dif-
ferent from those in the MDD (2 = 18.30, P < 0.001) and HC
groups (x*=20.50, P < 0.001). The FX depiction was also poor,
but the detectability was not significantly different from the MDD
and HC groups. In the other nerve fascicles, the detectability in
the AD group was not significantly different from the MDD and
HC groups (Table 2).

FA value

The FA value of the nerve fascicle was significantly reduced in
the left SLF (0.410£0.017, P < 0.001) and FX (0.300 £ 0.023,
P < 0.001) in the AD group compared to the MDD group
and HC group, and the value in the left ILF (0.409 £ 0.024,
P < 0.001) was significantly lower than that in the HC group.
In the left IFOF, the FA value in the AD group (0.444 £ 0.018,
P =0.045) tended to be lower than that in the MDD group.
The FA value in the right ILF in the AD group (0.415 £ 0.021,
P =0.031 vs. MDD, P = 0.043 vs. HC) tended to be lower
than those in the MDD and HC groups, and the values in the
bilateral UF in the AD group (right: 0.383 £0.025, P=0.044,
left: 0.388 £0.038, P =0.011) tended to be lower than those
in the HC group. In the MDD group, the FA value in the left
UF (0.393 £ 0.014, P < 0.001) was significantly reduced
compared to the HC group, and the left ATR (0.414 £ 0.014,
P =0.028) and right UF (0.386 £ 0.017, P = 0.037) tended
to be lower than those in the HC group. In the other nerve
fascicles, no significant difference was noted between the
AD and MDD groups, between the AD and HC groups, or

Table 2 Number of samples with poor depiction of nerve fascicles

ATR CF SLF ILF UF IFOF FX

AD (n=13)

R 2 2 | | 0 2

L 0 0 0 0 2 |

Rand L 7 2 | 0 0 2

Total 9 4 2 | 2 5 I
MDD (n = 19)

R 2 4 0 0 |

L 0 0 | 0 | 0

Rand L 0 0 | 0 0 0

Total 0* 2 6 0 | | 9
HC (n=22)

R 0 | 0 0 0 2

L 0 0 0 0 0 2

Rand L 0 0 2 0 0 |

Total 0* | 2 0 0 5 I

Note: *P < 0.001 vs. AD ATR.

Abbreviations: AD, Alzheimer’'s disease; ATR, anterior thalamic radiation;
CF, cingulate fasciculus; FX, fornix; HC, healthy control; IFOF, inferior fronto-
occipital fasciculus; ILF, inferior longitudinal fasciculus; L, left; MDD, major depressive
disorder; R, right; SLF, superior longitudinal fasciculus; UF, uncinate fasciculus.

Table 3 FA values of the nerve fascicles (means £ SD)

AD MDD HC
R ATR 0.422 +0.025 0.415+0.013 0.424 +0.023
L ATR 0.417 £0.032 0.414 £0.014¢ 0.429 £ 0.025
R CF 0.435 £ 0.025 0.439 £0.019 0.447 £0.023
L CF 0.436 +0.037 0.446 £ 0.012 0.447 +0.020
R SLF 0.412+£0.017 0.417 £0.013* 0.416 £ 0.026
L SLF 0.410£0.017*< 0.430 £ 0.020 0.429 £ 0.022
RILF 0.415 +0.02®¢ 0.431 £0.018 0.434 +£0.027
L ILF 0.409 £ 0.024¢ 0.422 £0.017 0.430 £ 0.020
R UF 0.383 + 0.025¢ 0.386 £ 0.017¢ 0.397 £ 0.016t
L UF 0.388 £ 0.038% 0.393 £0.014¢ 0.413+0.016
R IFOF 0.447 £0.019 0.445 £ 0.015%F 0.454 +0.023
L IFOF 0.444+0.018° 0.458 £0.019 0.458 £ 0.021
FX 0.300 + 0.023< 0.336 +0.024 0.338 +£0.025

Notes: ?Vs. MDD P < 0.01; bvs. MDD P < 0.05; <vs. HC P < 0.01; %vs. HC P < 0.05
(Student’s t-test); Yvs. HC P < 0.05 (Welch’s t-test); “'vs. MDD P < 0.01; (Mann-
Whitney’s U test) P < 0.05 vs. MDD L SLF (Mann-Whitney’s U test); “P = 0.023 vs.
MDD L IFOF (Student’s t-test); fP=0.003 vs. HC L UF (Student’s t-test).
Abbreviations: AD, Alzheimer’s disease; ATR, anterior thalamic radiation;
CF, cingulate fasciculus; FA, fractional anisotropy; FX, fornix; HC, healthy control;
IFOF, inferior fronto-occipital fasciculus; ILF, inferior longitudinal fasciculus; L, left;
MDD, major depressive disorder; R, right; SD, standard deviation; SLF, superior
longitudinal fasciculus; UF, uncinate fasciculus.

between the MDD and HC groups. Laterality was noted in
the SLF (P < 0.05) and IFOF (P =10.023) in the MDD group,
and UF (P =0.003) in the HC group (Table 3).

ADC value

The ADC values (10~ mm?/s) were significantly increased
in the following nerve fascicles in the AD group com-
pared to the MDD and HC groups: bilateral ATR (right:
0.905 £ 0.064, P < 0.001, left: 0.943 £ 0.104, P < 0.001),
left SLF (0.871 £0.037, P < 0.001), left ILF (0.953 + 0.063,
P < 0.001), left IFOF (0.928 £ 0.072, P < 0.001), and FX
(2.040£0.184, P < 0.001). In the right CF, the value in the AD
group was significantly higher than that in the MDD group and
tended to be higher than that in the HC group (0.855 £0.034,
P < 0.001 vs. MDD, P =0.015 vs. HC). In the right ILF, the
value in the AD group was significantly higher than that in the
HC group and tended to be higher than that in the MDD group
(0.899 £ 0.046, P < 0.001 vs. HC, P =0.010 vs. MDD). In
the left CF, the value in the AD group tended to be higher than
those in the MDD and HC groups (0.863 £ 0.041, P =0.014
vs. MDD, P =0.013 vs. HC). In the right UF (0.910 £ 0.064,
P =0.069) and right IFOF (0.903 £+ 0.068, P = 0.0299), the
ADC value in the AD group tended to be higher than that in
the HC group. The ADC value in the left UF (0.924 + 0.087,
P < 0.001) was significantly increased in the AD group
compared to that in the HC group. Laterality was noted in the
ILF (P < 0.05) in the AD group, and ILF (P < 0.05) in the
MDD group (Table 4).
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Table 4 ADC values of the nerve fascicles (means + SD
[x107% mm?/s])

AD MDD HC
R ATR 0.905 + 0.064* 0.843 +0.023 0.848 + 0.031
L ATR 0.943 + 0.104* 0.848 £ 0.035 0.848 = 0.031
R CF 0.855 + 0.034¢ 0.828 £0.018 0.828 +0.028
L CF 0.863 £ 0.04]%¢ 0.830 £ 0.015 0.834 +0.024
R SLF 0.860 + 0.034 0.834 £0.037 0.835 £ 0.040
L SLF 0.871 £0.037> 0.828 +0.028 0.833 £0.028
RILF 0.899 + 0.046><* 0.867 + 0.029** 0.864 +0.032
L ILF 0.953 £ 0.063* 0.893 £0.033 0.884 £ 0.035
R UF 0.910 £ 0.064% 0.884 +0.035 0.865 = 0.027
L UF 0.924 + 0.087 0.872 +0.031 0.856 +0.021
R IFOF 0.903 + 0.068¢ 0.866 = 0.032 0.856 = 0.024
L IFOF 0.928 £ 0.072*< 0.856 +0.033 0.859 £ 0.024
FX 2.040 £+ 0.184< 1.807 +0.234 1.815+0.211

Notes: *Vs. MDD P < 0.01; ®vs. MDD P < 0.05; <vs. HC P < 0.01; ¢vs. HC P < 0.05
(Student’s t-test); *vs. MDD P < 0.01; ®vs. MDD P < 0.05; “vs. HC P < 0.01; vs.
HC P < 0.05 (Welch’s t-test); “'vs. HC P < 0.0l (M); P < 0.05 vs. AD L ILF (M);
“P < 0.05 vs. MDD L ILF (M).

Abbreviations: AD, Alzheimer’s disease; ADC, apparent diffusion coefficient;
ATR, anterior thalamic radiation; CF, cingulate fasciculus; FX, fornix; HC, healthy
control; IFOF, inferior fronto-occipital fasciculus; ILF, inferior longitudinal fasciculus;
L, left; M, Mann—Whitney U-test; MDD, major depressive disorder; R, right;
SD, standard deviation; SLF, superior longitudinal fasciculus; UF, uncinate fasciculus.

Summary

Marked differences between the AD and the MDD/HC groups
were noted in the ATR on visual evaluation, left SLF and FX
in the FA value, and bilateral ATR, left SLF, left ILF, left
IFOF, and FX in the ADC value.

Relationships of AD severity
with the ATR detectability and FA

and ADC values

Of the 13 AD patients, bilateral ATR depiction was poor in
two of the patients with MMSE scores between 9 and 16. In
patients with MMSE scores 17-24, ATR depiction was poor
on the right side in six, left side in four, and left or right side
in six. In patients with an MMSE score of =25, bilateral ATR
depiction was poor in one (Table 5 and Figure 4). The ATR

depiction tended to be poor when the MMSE score was 24 or
lower. The FA values of the bilateral ATR were significantly
different between patients with an MMSE score of 25 or
higher and 24 or lower, and they decreased with a decline
in the MMSE score (P < 0.001). The ADC value was sig-
nificantly different between patients with an MMSE score
of 25 or higher and 24 or lower, and it increased with a rise
in MMSE score (P < 0.001).

Discussion

Previous problems

In DTI, the presence or absence of impaired neuronal integrity
can be observed by noninvasively measuring and imaging
water molecules in the body. With the use of DTT, the nerve
fiber distribution and connection can be observed by nerve-
fiber tracking, which utilizes the anisotropy of DTI. Many
studies on schizophrenia,'® bipolar disorder,"'! autistic
spectrum disorder,'>!* amyotrophic lateral sclerosis,'* and
AD'> also reported abnormal white matter and neuronal
integrity. Although the FA and ADC values were used in most
of these studies, no consistent result was obtained. Because
the ROI method was mainly used, in which an important
difference was present, it was averaged with the surrounding
voxels and its influence was masked* or the partial volume
effect that the cerebral spinal fluid might have reduced FA.'
The analysis software we adopted allowed us to determine
the mean FA value of only voxels traced by fiber tracking and
successfully reduced the influences of other voxels around
the nerve fascicle and cerebral spinal fluid. We attempted to
obtain new information by visually evaluating the depicted
nerve fascicles, in addition to the FA and ADC values.

Visual evaluation

The ATR and FX depictions were poor in the AD patients.
In the ATR, depiction of the radiation from the region beyond
the genu of the corpus callosum to the prefrontal cortex
was poor in nine of the 13 AD patients. Since depiction was
favorable in all MDD patients and HC subjects, the finding

Table 5 Number of AD cases with poor ATR depiction and their FA and ADC values by MMSE score

MMSE Right Left Right or left

score Poor FA ADC Poor FA ADC Poor FA ADC
depiction (X102 mm?/s) depiction (x10*mm?/s) depiction (X102 mm?/s)

=8(n=0) O - - 0 - - 0 - -

9-16 (n=3) 2 0411 £0.011 0.897+0.056 2 0417 £0.006 0.913+0.044 2 0.414 £0.008 0.905 = 0.046

17-24 (n=8) 6 0421 £0.026 0916+0.073 4 0.405+0.031 0.973+0.119 6 0.413£0.029 0.945+0.100

=25(n=2) | 0.447 £0.031 0.869 +0.039 | 0.465+0.011 0.866+0.076 | 0.456 +£0.022 0.867 £ 0.050

Abbreviations: AD, Alzheimer’s disease; ADC, apparent diffusion coefficient; ATR, anterior thalamic radiation; FA, fractional anisotropy; MMSE, Mini Mental State

Examination.
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Figure 4 The anterior thalamic radiation superimposed on a T,-weighted sagittal image in an AD patient. (A) No left radiation passing the genu of the corpus callosum and
extending into the prefrontal area was depicted (arrow). (B) Only a few nerve fascicles of the right radiation were observed, and depiction was poor (arrow). (C) The left
posterior limb of the fornix was not depicted (arrow). (D) The right posterior limb of the fornix was only partially depicted.

Abbreviation: AD, Alzheimer’s disease.

was specific to AD patients. This is a new finding because no
visual abnormality of the ATR has previously been reported.
No significant difference was noted in the FA value through-
out the ATR.

Regarding the conditions for the discontinuation of
fiber tracking, the default value of FA was set at 0.15, but

when the FA threshold was slowly changed to 0.24, the
radiation from the region beyond the genu of the corpus
callosum was not depicted in eleven of the 13 AD patients
(Figure 5). Nerve fascicles were depicted but decreased
in all MDD patients and HC subjects. When the FA value
was set at 0.25, the ATR radiation to the prefrontal area in

Figure 5 The anterior thalamic radiation superimposed on a T -weighted sagittal image in an AD patient. (A and B) Several radiations passing the bilateral genus of the corpus
callosum and extending to the prefrontal area are observed. (C and D) The radiations passing the bilateral genus of the corpus callosum and extending to the prefrontal area
were lost by setting the threshold of the FA value at 0.24, and depiction can be readily judged as poor (arrow).

Abbreviations: AD, Alzheimer’s disease; FA, fractional anisotropy.
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the ATR was not depicted in 12 of the 13 AD patients and
one of the 22 HC subjects. The ATR radiation region was
also not depicted in six AD patients in whom atrophy of the
medial region of the temporal lobe including the entorhinal
area, hippocampus, and amygdala could not be detected
on structural MRI. Accordingly, DTT may become highly
objective and sensitive in detecting ATR impairment when
the FA threshold is appropriately set.

FX depiction was poor in eleven of the 13 AD patients,
showing a high sensitivity (Figure 4). The FX is the main
output pathway from the hippocampus, and abnormality
in the FX has been reported,>* which suggests that our
findings are consistent with this. However, poor depiction
was also noted in many MDD patients and HC subjects, and
it was not specific to AD. Since this study was performed
in relatively elderly subjects, age related changes may
have been observed. Actually, when the FA value in the
FX was closely investigated in 57 HC subjects aged 19 to
77 years, an inverse correlation was observed (r = —0.526,
P < 0.001).

FA value

In the AD group, the FA value in the FX was significantly
different from those in the HC and MDD groups, and the
evaluation of the FX based on the FA value was more
useful than the visual evaluation for the diagnosis of AD.
Depiction of the left SLF was poor in only 1 of the 19 AD
patients, and there was no significant difference from
those in the MDD and HC groups, whereas the FA value
was significantly different from those in the HC and MDD
groups, showing that the FA value was also more useful
for evaluation of the left SLF than visual observation for
the diagnosis of AD.

ADC value

The ADC value in the AD group was significantly different
from those in the MDD and HC groups in the bilateral ATR,
left SLEF, left ILF, left IFOF, and FX. The values in the right
ILF and left UF in the AD group were significantly different
from those in the HC group, respectively. The ADC value was
increased in many nerve fascicles in the AD group, showing
general abnormality of the cerebral white matter, as previ-
ously reported.'!” In MDD group, in contrast, no significant
difference was noted in each region on comparison with the
HC group, showing an apparently different pattern from the
AD group. Therefore, measurement of the ADC value in
the cerebral white matter may be useful for differentiating
between AD and MDD groups.

Summary
It has been shown that the differentiation between AD and
MDD is possible by paying attention to the ATR on visual
evaluation, FA values in the FX and left SLF, and ADC values
in the bilateral ATR, left SLF, left ILF, left IFOF, and FX.
The FA and ADC values are quantitative parameters of
DTI** mainly used in the ROI method, and also used in the
voxel-based’#**7 and tract-based spatial statistics***’ methods.
The analysis software determines the mean FA and ADC val-
ues of voxels containing traced nerve fibers, and the FA values
in the left SLF and FX in the AD group were significantly
different from those in the MDD group and HC group, which
was consistent with those in preceding reports. 3222

Correlation of AD severity with the

nerve fascicle depiction and FA value
Regarding the relationship of the AD severity with the nerve
fascicle depiction and FA value, depiction of the bilateral
ATR and FX was poor when the MMSE score was 24 or
lower, and the FA value also tended to decrease. This sug-
gests that visual observation and FA value measurement of
the bilateral ATR and FX serve as indicators to evaluate
disease progression.?

Possibility as a biomarker of cognitive

dysfunction

Poor ATR depiction was not limited to AD, and it was
observed in our patients with cognitive dysfunction associ-
ated with Lewy body dementia, vascular dementia, schizo-
phrenia, and bipolar disorder, which suggests that impairment
of the ATR may be related to cognitive dysfunction.®>
Accordingly, it is possible for observation of favorable or
poor visual depiction of the ATR on DTT to serve as a useful
biomarker of cognitive dysfunction.

Visual evaluation and FA value of the ATR
Why did the ATR detectability differ despite no significant
difference being present in the FA value? That localiza-
tion of the region with poor depiction was visually noted
suggests that AD specific nerve fiber impairment does not
occur throughout the nerve fiber, but some parts may be
more likely to be impaired, showing localization. However,
the poorly depicted region radiated from the nerve fascicle.
In addition, fibers from the corpus callosum were crossing
in this region, which resulted in different fiber directions in
voxels. Accordingly, the FA value, which is the eigenvalue of
fascicle anisotropy, tended to decrease, and it was likely that
only a slight decrease in the FA value led to poor depiction.
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Although further investigation is necessary, for the ATR,
visual evaluation of the nerve fascicles may be more useful
than the FA value on the condition that the characteristics of
DTT are understood: depiction is poor in regions in which
many nerve fibers are mixed and cross, which causes vari-
ability even in HC subjects.***

Toward clinical application
The subjects were limited to patients with AD or MDD alone,
and those with concomitant AD and MDD were excluded.
The number of subjects was limited because the patient age
decreased, and the age of the HC subjects and patients was
matched to 77 years or younger to avoid the influence of aging,
and elderly subjects aged 80 years or older were excluded. The
accuracy of the visual evaluation and FA and ADC values may
be improved by increasing the number of subjects.
Regarding the objectivity of DTT, the nerve fascicle
detectability of conventional DTT varied depending on
the MRI device and analysis software, which caused infe-
rior objectivity for comparison among multiple facilities.
However, it has been shown that we can retain the objectivity
by utilizing an identical device and analysis software. The
promotion of standardization of the device and analysis soft-
ware may facilitate comparison among multiple institutions.
Difficulty in determining the tracking direction in the nerve
fiber crossing (or kissing) regions on DTT had been pointed
out,” but the sensitivity of visual evaluation of abnormal
nerve fascicles was high in the region with abundant crossing
fibers in the ATR, ie, the region in which the nerve fascicles
were crossing the genu of the corpus callosum. In voxels con-
taining abundant crossing fibers, the FA value was reduced
due to the presence of nerve fibers in different directions, and
depiction of voxels was likely to become poor when the target
FA value decreased, compared to that in voxels containing
no crossing fibers. Q-ball*? and diffusion spectrum imaging™
have recently been developed, but these take a long time and
cannot be readily used in clinical practice. Standardization of
the tractography method may facilitate comparative studies
among multiple institutions and improve the accuracy of
the differential diagnosis of AD and MDD. The diagnostic
performance may further be improved by combination with
auxiliary diagnostic methods of MDD and early AD*
employing voxel-based morphometry.

Conclusion

It has been shown that the differentiation of AD patients from
elderly MDD patients and HC subjects becomes possible
by identifying the characteristics of visual evaluation and

the FA and ADC values of abnormal cerebral white matter
integrity on DTT in AD.

In previous studies, abnormalities of the nerve fascicles
were investigated mainly based on the FA and ADC (MD)
values but the findings were inconsistent. In this study, we
have considered that the addition of visual evaluation by uti-
lizing DTT may improve the diagnostic accuracy. Depiction
of the bilateral ATR on DTT tended to be poor in AD patients
compared to those in MDD patients and HC subjects. The FA
values in the FX and left SLF were decreased in AD patients
compared to those in MDD patients and HC subjects. In addi-
tion, the ADC value was increased in many nerve fascicles.

In conclusion, differentiating between AD and elderly
MDD patients becomes possible by identifying the charac-
teristics of visual evaluation and the FA and ADC values of
abnormal cerebral white matter integrity on DTT in AD, and
this may become a useful auxiliary diagnostic tool.
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