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AbStraCF
Backgrouose: Degeneration of gray matter and subcortical structures after

ischemié StFek&MFas been well described. However, little is known about white matter
degenerah stroke. It is unclear whether white matter degeneration occurs throughout

the wholeWBrain, @r whether patterns of degeneration occur more in specific brain areas.

C

Methods: rgspectively collected National Institutes of Health Stroke Scale (NIHSS)

S

scores an n tensor imaging (DTI) in patients with acute ischemic stroke within the

U

first week nset (baseline), and at 1 and 3 months. DTI was processed to produce

maps of fractional anisotropy, apparent diffusion coefficients, and axial and radial diffusivity.

i

DTI para specified regions-of-interest corresponding to items on the NIHSS were

d

calculated nges over time were assessed using linear mixed-effect modeling.

Results: Sev n patients were included in the study. Mean age (SD) was 71 (11.7) years,

\

and median baseline NIHSS 9 (5-13.3). Changes over time were observed in both

visual cortiges, contralesional primary motor cortex, premotor cortex, and superior temporal

I

gyrus (P < hanges in the ipsilesional motor cortex and inferior parietal lobule were

only seen ts with scores on the respective NIHSS-items (P < .05). No significant

O

changes ifrglobal white matter diffusivity parameters were identified (P > .05).

h

L

Conclu : matter changes after stroke may be localized rather than a global

phenomenon.

U

Introdu

A

Ischemic stroke leads to structural and functional disruption of neural tissue in the region of

infarction, which can result in significant disability.”? In addition to the localized damage from
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ischemic infarction, secondary processes such as selective neuronal loss and white matter
degeneration can occur remote to infarction.®® Remote degeneration after stroke has been
attributMﬂammatory process elicited in response to ischemia through the
upregulatines, and increased activity of macrophages and glial cells.®’
Neurodegemesation can manifest itself as a loss of gray matter, which has been well
characteri&owever, studies on white matter changes are limited* and have mostly
focused o‘ speci’c tracts within the brain. Data on further remote changes are lacking, and it
is thereformar whether white matter integrity changes are related to stroke-related

deficits or omenon occurring in multiple brain regions, such as global white matter

degeneration. s

Digsion tensor imaging (DTI) can be used to measure the integrity of white matter

using themrs of axial diffusivity (AD; diffusion along axon), radial diffusivity (RD;

diffusion ular to AD), apparent diffusion coefficient (ADC; mean of AD and RD),
and fra anisotropy (FA; scalar between 0 and 1 representing degree of anisotropy).
With DT Lgi been shown that reduced FA of the corticospinal tract is associated with

poorer motor performance®'® as well as poorer rehabilitation treatment outcomes after
ischemic Wm These findings indicate that there is a loss of white matter integrity in

areas assg ith neurological deficits; however, it is currently unclear whether white

matter chang€s are restricted to affected tracts, or whether degeneration of white matter

occurs re&tely from the lesion as well.

In : ::rrent study, we aimed to investigate whether white matter degeneration

occurred f the primary DWI lesion after ischemic stroke. We quantified white matter
DTI para (1) global white matter to assess whether a process of generalized
degenera rred after stroke, and, to assess whether localized changes in white

matter integrity occur after stroke. We also quantified DTI parameters in (2) brain areas with
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functions associated with individual items of the National Institutes of Health Stroke Scale

(NIHSS), in order to adjust for the presence of neurological deficits.

{

Methods

Patienf&@

[l

Acute isc ic'Stroke patients with an anterior circulation vessel occlusion presenting to the
Royal Melb € Hospital (Victoria, Australia) were enrolled in this study and underwent

multimod |ihaging within 1 week of stroke onset (baseline), and at 1 and 3 months

S

after stroke. enous thrombolysis or endovascular clot retrieval was performed on

u

eligible pa according to the local treatment guidelines. Inclusion criteria for this study

were age ®18 years, ability to give informed consent (including by a next of kin), no

q

contraindi or MRI scanning, and confirmed ischemic lesion on CT or MRI. A stroke

d

neurologis ssessed clinical stroke severity using the NIHSS at the time of each MRI
scan. Ily, baseline demographics and stroke risk factors were recorded. Written

inform sent was obtained from all participants and the study was approved by the

M

Melbourne Health Research Ethics Committee.

[

Image Acquisitien and Analysis

All scans w ormed on a clinical 3T MRI scanner (MAGNETOM Trio, Siemens,

Erlang y). For each subject, a high-resolution T1-weighted anatomical image (TR

N

L

=1,90 ds, TE = 2.82 milliseconds, inversion time = 900 milliseconds, flip angle =

8° FOV =512 x$12 x 192, and voxel size = .5 x .5 x 1 mm) was obtained. Diffusion

Ui

weighted ima ere acquired (TR = 9,200 milliseconds, TE = 95, flip angle = 90°, FOV

voxel s 3 x 2.03 x 2 mm) using a multidirectional (64) diffusion-weighted sequence

s

and consisted of 1 b0 image and 64 b1000 images. All images of participants with a left

hemispheric stroke were reoriented to standardize the lesioned hemisphere.
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Imaging analysis was performed using the Functional Magnetic Resonance Imaging
of the Brain software library (FSL; version 5.2, Oxford, UK), mrtrix3 (version 3.0, Melbourne,
AustralMcal Parametric Mapping (SPM; version 12, London, UK), and Advanced
Normaliza @ Is.”® DWI images were de-noised, corrected for motion, eddy-current, and
BO inhamegeneities using mrtrix3’s dwidenoise, dwipreproc, and dwibiascorrect,
respectivhlineate changes in white matter and gray matter, MPRAGE images were

segmente@d SPMI2’s segment. Resulting white and gray matter maps were registered to the

¢

DWI imag FSL’s FMRIB'’s Linear Registration Tool, and subsequently binarized at a

S

.5 thresho ate respective matter masks. We visually checked segmentation and

registration resulf$ to ensure their quality. Lesions were manually drawn on the DWI b1000

Ll

images at and were registered to the DWI volumes obtained at 1 and 3 months

post-strok

dll

Su tly, a diffusion tensor model was obtained. Diffusion tensor modeling of
DWI i roduces three eigenvalues and three orthogonal eigenvectors that describe

the dir diffusion in 3D-space for each voxel, where eigenvalues represent the

)

amount of diffusion and the eigenvectors the direction of diffusion. The eigenvector with the

1

largest m represents AD, whereas the smaller eigenvalues represent the radial

diffusivitie DC is defined as the average of the three eigenvalues. RD is the average

G

value of the eigenvalues perpendicular to the eigenvalue that represents AD. FA is a

h

scalar thafican range from 0 to 1 and represents a combination of three diffusion

coeffici ed areas were masked in further analysis, so that mean DTI parameter-

{

values re he diffusivity of nonlesioned brain tissue (Fig 1).

U

Study An PNIHSS-Items and Regions-of-Interest

A

Patients were categorized into two groups according to their NIHSS-score for each item.

Participants with a score of 0 on an NIHSS item were placed in the NIHSS-negative group
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and participants scoring =1 in the NIHSS-positive group.’ Due to poor reliability or
redundancy of the measurements, the items level of consciousness (1), ataxia (7), facial
palsy (Marthria (10) were not included in the analysis."® Motor leg (6) was included
over moto @ , as the proportion of NIHSS-negative patients for the latter item did not

allow fon amvalieestatistical analysis.

L

Wmcified specific ROls of interest based on the neuro-anatomical function of

brain area re associated with NIHSS-items. Included ROlIs were the visual cortex
(item 3; vi , tie motor cortex and premotor cortex (PMC) (items 6; motor leg), the
somatose rtex (item 8: sensory), Brodmann’s areas 44/45 and the superior temporal
gyrus (iterf™os t language), and the inferior parietal lobule (IPL) (item 11; inattention and

extinction!

Rn was defined using the probability maps of Oxford Anatomical Atlases
and th ' atomical Atlas as integrated in FSLeyes. ROI-probability maps were
thresholded aggo to create binary masks for each ROI. To transform the ROI-masks to
DWI-s " ed rotation matrices and warp coefficients from the registration of the MNI-

template tsthe DWI b0-volume obtained using AntsRegistration. To facilitate this

registratioéesion masks were included.
We chose to use ROI templates in this study as it was shown that a template of the

corticosgi&i tract yielded similar correlations with motor impairment after stroke in
compar“ tractography approach.'® This suggests that using a standardized and

automated apprdach with ROI templates can detect associations with clinical outcomes.
Statistic SIS

Statistical analysis was performed using R (version 3.4.3)."” Descriptive statistics were used

to characterize the patient cohort and are presented with the mean and standard deviation
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unless stated otherwise. To assess changes over time in DTI parameters, we used mixed
effect models with time, group (NIHSS-negative and NIHSS-positive) and the time*group
interach#o as fixed effects and subject as a random effect.'®'® DTI parameters have shown

to be depé n factors such as age® and physical fitness,?' and therefore we modeled

Crip

individual intemeepts as a random effect. We examined the residuals of the fitted model to
assess tthtions for linear modeling (heteroscedasticity and normal distribution of the
residuals) Two tliers were removed from the data, as due to their presence assumptions
of the mo e violated. This did not, however, affect our main results. We performed
post-hoc m

to identify significant differences after a main effect was identified. P-

value for ROI difffisivity changes was adjusted for multiple comparisons (indicated as Pcq)

Ll

using the ethod.?

Results

dll

During eriod, 20 participants were recruited. One participant was excluded due to

a malignant infarction requiring decompressive craniectomy (affecting coregistration)

M

and on ssing DWI scans at two time points. Three participants completed the 3-

month clinical assessment but withdrew from MRI scanning, but were included as they

f

completed ollow-up scan.

O

included stroke patients had a mean age of 71.0 + 11.65, 6 (66.7%) were

female, a articipants (50%) had a stroke originating in the left hemisphere. Thirteen

h

[

patient issue plasminogen activator (tPA), two received a carotid endarterectomy

in addition to and one received endovascular treatment after tPA. Baseline scans were

Ul

performed at 68

T

IQR = 19.8-74).

+ 38.5 hours after stroke onset and were performed after patients

receiv espective treatments (median time between treatment and MRI: 61 hours;

edian baseline DWI lesion volume was 10.3 (IQR = 4.65-27.75).
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Participants had a median baseline NIHSS of 9 (IQR = 5-13.3), and a median 24-
hour NIHSS of 3 (IQR = 1.25-3). At admission, 7 (38.9%) of the participants had visual field
deficitsM)) had motor deficits of the arm, 9 (50%) had motor deficits of the leg, 11
(61.1%) h @ ory deficits, 8 (44.4%) had language deficits, and 9 (50%) had inattention
and extinctiemmAts1 month after stroke, six participants had residual NIHSS-scores of three
(N=1), tV\h), and one (N = 2). At 3 months, one participant had a residual NIHSS-

score of t@ participants had a residual score of two, and three participants had a

score of om

Global Wi er Changes

Total whit:FA, ADC, AD, and RD did not change significantly over time (FA: F =

140, P = BABC: F=.229, P=.780, AD: F=1.320, P=.282; and RD: F=.211, P =
.811; Tabm
Ipsilesi | Changes

Mixed-effect modeling showed a main effect of time in the ADC-values of the ipsilesional

primary vigual cortex (F = 4.423, P = .021). ADC-values were significantly lower at 3 months
ry s g y

after strok@compared to baseline (t = 2.66, P = .033; Fig 2).

Withi primary motor cortex (M1), ipsilesional ADC-values significantly decreased
from b month after stroke in the NIHSS-positive group for motor leg (¢ = 3.22,
Poorr = .WQnificant changes were observed in the NIHSS-negative group and there

was no main eff§t of group or time (Fig 3).

L, there was a significant interaction effect for the ADC-values between
group and ti = 3.695, P =.038). Post-hoc analysis showed that there was a significant

increase in ADC-values from baseline to 3 months after stroke in the NIHSS-positive group (¢
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= 2.76, P = .043). The main effect of time (F = 4.346, P = .023) was not reproduced in
post-hoc analysis (P..>.05). RD-values of the IPL significantly changed over time (F =
5.002, Mwith post-hoc analysis showing a significantly higher RD at 3 months after
stroke co @ 0 baseline (t = 2.78, P, = .025) and compared to 1 month after stroke (t =
2.78 P =mf26mkig 4). No further differences were observed in any of the other DTI

parametehipsilesional hemisphere (P > .05; Table 2).
Contrales:bgl Changes

In the prim%al cortex, there was a significant main effect of time for FA (F=4.927, P =
.014), ADC ;F = 5172, P =.026), and RD-values (F = 4.986, P = .014). At 3 months after

stroke, FA:nificantly higher (t = 3.36, P..r= .006), and ADC and RD were significantly

lower (t = B¥288P%, . = .002 and f = 3.12, P, = .011, respectively) compared to baseline (Fig

2) m

ry motor cortex (M1) and PMC, temporal changes in ADC were observed
(M1: F zg8% P =.037; PMC: F = 4.329, P =.023). ADC-values were significantly lower at
3 months after stroke compared to baseline in both ROIs (M1: t = 2.49, P,,,= .048; PMC: t =

2.73, PcorrmAdditionally, in the PMC, RD was significantly decreased at 3 months

comparedffo line (t=2.90, Py,r=.019). In M1, there was an interaction effect between

group and time in regard to AD (F = 5.510, P = .010), as in the NIHSS-positive group, AD

was decreased at 1 month (f = 4.40, P, = .002) and 3 months (f = 3.35, P, = .026) after

stroke (“o baseline (Fig 5).

In 3 mixed-effect modeling showed a main effect of time in ADC and AD-
values =4.499, P =.020; AD: F = 3.262, P = .040), which corresponded to a
significant | e in these metrics from baseline to 1 month (ADC: t = 3.00, P = .015;

AD: t = 2.55, P, = .043). Modeling of RD in the STG showed the presence of a significant
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interaction effect, where in the NIHSS-positive group, RD significantly increased from

baseline to 1 month after stroke (f = 3.38, P..r= .025; Fig 5). Additionally, there was a

L

significantigroup effect, as FA values were significantly higher in the NIHSS-negative group

(F = 6.47¢ @ 022).

[ ]
Nagsignificant changes were observed in the contralesional primary sensory cortex,

Brodmanngaréa44/45, and IPL (P > .05; Table 3).

G

Discussio

W demonstrate a change in global white matter integrity at 1 and 3 months

usS

after stroke. ever, we did identify white matter changes in both ipsilesional and

contralesi@nal regions-of-interest in the brain.

)

Tep @ hanges in ipsilesional cortical white matter were seen in the primary visual

ry motor cortex (M1), and IPL. M1 and IPL changes were only in the

NIHSS-positi ups, which suggests that the observed white matter changes may arise in
closely related to the original infarct lesion. In M1 and V1, we observed a
decrease ﬂc,which is associated with an increase of structural integrity and plasticity.
IPL ADC a

increased with time, which is conversely associated with degradation of

white mat ver, good recovery was observed so it is unclear how our findings relate

O

to clinical gymptoms, and that region-specific patterns can be observed after stroke.

Absence Qf changes in other ipsilesional brain areas is indicative of stable ipsilesional white

th

matter int er in patient with good-to-excellent recovery after stroke.

U

We did erve contralesional changes in diffusivity in V1, M1, the PMC, and the

superi ral gyrus. Contralesional DTI changes in the motor cortex after stroke have

A

23,24

been observed in human and animal studies and correlate with functional motor

outcome.? All patients in this study with a deficit on the motor leg item at baseline recovered
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by 1 month after stroke, and therefore these changes may reflect neurological recovery. The
underlying mechanism may relate to brain activity, which can be assessed using functional
MRI. InMood oxygen level-dependent (BOLD) signals in the contralesional motor
areas are @ ed with motor recovery.?® Additionally, in chronic stroke patients,
activatien efssesendary motor areas was positively correlated with performance in
demandinhasks as well as damage to the corticospinal tract,?” which indicates that

the brain fgcruits@ontralesional brain areas to compensate for damage to the ipsilesional

C

corticospi Several studies have shown that BOLD activation is related to structural

S

white matt t&grity.?® Thus, the contralateral changes observed in this study may reflect a

compensatory stiategy of the brain.

Gl

Cantralesional changes may have implications on how DTl parameters should be

f

presented j studies. DTI parameters can vary between individuals, as it is modulated

a

in responseyt or training,? age,® and cardiovascular fithess.?" In many stroke studies,
DTl pa rs are normalized with regard to the contralesional hemisphere. This is done

under t mption that the DTI parameters of the contralesional hemisphere represent

M

the normative values for a given individual. However, if contralesional white matter changes

occur as f a compensatory strategy or due to degeneration, contralesional values

[

may not b ropriate representation of normative diffusivity.

Q

D

—]

s in V1 indicate that a generalized phenomenon is occurring after

ische . The increase of FA from baseline to 3 months after stroke suggests an

{

improvement of white matter integrity; however, this finding was not reproduced in other

3

brain are silesional V1 receives arterial supply from the posterior cerebral artery
and woul re be a remote area to middle cerebral artery lesions. It is possible that our

observed relate to lesions of the optic radiation. There are limited studies

A

comparing longitudinal DTI parameters of stroke patients with and without deficits. It is
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therefore difficult to deduce possible mechanisms or implications of this finding. This further
highlights the complicated interpretation of DTI data considering the multitude of factors that
could coﬁn Ibute 1o changes in white matter integrity, such as degeneration and

compensa ure studies are needed to dissect processes influencing white matter

P

structure amelssheuld address whether DTI can be used to differentiate between processes

that influehe matter integrity in the recovering brain after ischemic stroke.

Thplimitation of this study is its limited sample size, which may account for the

reason th did not observe differences between NIHSS-groups but did see changes

S

within gro time. Additionally, we only assessed cortical areas in the current study as

U

they are r measurable functions. We did not assess changes in subcortical areas,

and theref@re our findings cannot be extrapolated to subcortical structures, or other white

f

matter str such as the corticospinal tract. Understanding the temporal progression

g

DTI para these structures may help to further elucidate white matter changes after
ische e. Included patients showed a good recovery as reflected by the low NIHSS-

scores 3 months after stroke, and it is therefore likely that reperfusion of the tissue

M

occurred. Future studies are needed to further explore white matter structural changes in

1

patients ifferent recovery profiles as well as in other brain areas.

In on, we did not find changes in DT| parameters of global white matter in the

O

brain. Ho »we did observe significant time-dependent changes in ipsilesional and

n

contral n areas. This indicates that cortical white matter changes occur; however,

{

U

they are limited to the certain brain areas and are not part of global changes in white matter
diffusivity. sional hemisphere changes indicate that normalization using the

contralesi ues may not be optimal.

A
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Table 1. Mhite Matter DTI| Parameters

Baseline

1 month

stroke

FA (adj. mean + | ADC (adj. mean | AD (adj. mean + | RD (adj. mean +
SE) + SE) SE) SE)
435 £ .004 .768 £ .006 1.149 £ .006 .578 +.006
436 £ .004 .767 £ .006 1.150 £ .006 .576 + .006
437 £.004 .769 = .006 1.154 £ .006 577 £ .006

Result

xed-effect modeling with time as a fixed effect and subject as random effect.

No signifigant changes were observed (P > .05). FA = fractional anisotropy; ADC = apparent

f

diffusion cogffi

3,

SE = stan r.

Table 2. Iggilesional DTI Parameters in Regions of Interest

n

ient; AD = axial diffusivity; RD = radial diffusivity; adj. mean = adjusted mean;

I FA ADC AD RD
F- P-value | F- P-value | F- P-value | F- P-value
< statistic statistic statistic statistic
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V1 | Time 1.084| .352| 4.423| .021| 3.003| .065 2.725| .083
ﬁ'-—j 012| 914/ .059| .811| .002| .963 .044| .837
TirQ- .084| 920 1.588| 222 1.835| 177 .436| .651
I I

M1 TirL 2.064| 145 1.916| .165 .562| 576 2.197| .129
Lego .000| .988 .022| .885 .009| .928/ .019| .893
Tir% 1.347| 276 3.458| .045 1.755| 191 2.746| .081

PMC Tint 512| 605 2.738| .083 1.651| .210 1.159| .328
Lem .026| 874 1.021| .329 .014| 906 .317| .581
ime* 1.293| 290 1.428| 257  .654| 528 2.555| .095

S1 E 606| 553  .644| 533 428 .656| .528| .596
Sesory 2.028| 174 2.864| 111 1.220| .287| 2.985| .104
Tiory 643| 534| 739| 487 1.670| 207 .610| .551

BA Ti£

44/45 -|_l 569| 573 .070| .933 201, .819| .010| .990
LaD .001| .980| .261| .617  .969| .340 .128| .725

%uage 2.052| .148 354 705/ .010| .990| 1.366| .272
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STG |Time 3.147 .060 .357 .703| 1.372 271 .208 .814

{

1.221 287 2.519 133 2.685 1221 2.214 .158

3.498 .046 .745 485 .546 .586 .958 397

r@)

[ ]

IPL |Ti .987 .385| 4.346 .023| 1.738 .194| 5.002 .014
NegQ .042 .829 537 A74 577 459 .354 .560
Timf*Nfilect 1.478 .244| 3.695 .038| 3.595 .041| 2.592 .093

Results frgd-eﬁect modeling with time, National Institutes of Health Stroke Scale-item

and their @n (*) as fixed effects and subject as random effect. FA = fractional

anisotrepys = apparent diffusion coefficient; AD = axial diffusivity; RD = radial diffusivity;

V1 = primary | cortex; M1 = primary motor cortex; PMC = premotor cortex; S1 = primary

somat rtex; BA 44/45 = Brodmann’s area; STG = superior temporal gyrus; IPL =

inferior pagietal lobule.

[

Table 3. C®ional DTI Parameters in Regions-of-Interest
FA ADC AD RD
F- P-value | F- P-value | F- P-value | F- P-value
statistic statistic statistic statistic

V1 4.927 .014| 4.162 .026| 2.533 .097| 4.986 .014

Auth
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Visual 076| 786 .016| 902/ .004| .949 123 .731
ﬁ'ﬂh‘al 1.300| .288 1.042| .366| .356| .704| 1.454| .250
M1 TirQ 924| 408 3.717| 037 1.955| 160 2.189| .130
H
LeL 354| 530 .104| 751 .021| .885 .191| .668
Ting 1.166| .326| 2.950| .068| 5.510| .010 2.230| .126
PMC Tir% 2.697| .084| 4.329| .023] .616| .547| 4.767| .016
Let .002| 962 .006| 942/ .026| .874| .001| .976
Tirm 1457| 249 .380| .687| .809| 551  .946| .400
S1 i 011| 990 292 757 537 651 .249| .781
E 165/ 218 .878| 395 .066| .801 1.060| .319
Tirs*Sensory A81| 3220 819 451 529 595 1.288| .292
BA TiO
44/45 £ 1.390| 266 .251| .780| 2.469| .104  .593| .560
M 1.758| 208 .042| .840| .011| 916 .419| 527
Tirauage 2.590| .093| 1.654| .300| 3.535| .044| 553 .582
STG 507| .608 4.499| .020| 3.626| .040| 3.629| .040
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Language 6.479 .022 512 485 .320 .580| 2.401 A72

iHuage 498| 613 2.946| 069 1.312| 286/ 3.383| .049

IPL TiFQ 2.234 124 .099 .906 .828 557 .320 729
H I

NeL .196 774 729 406 Ta77 391 570 .508

Tingect 2.737 .081| 1.066 .358| 3.201 .055 .057 .945

Results fr:d-effect modeling with time, National Institutes of Health Stroke Scale-item
and their i@n (*) as fixed effects and subject as random effect. FA = fractional

anisotropy; = apparent diffusion coefficient; AD = axial diffusivity; RD = radial diffusivity;
V1= prim&l cortex; M1 = primary motor cortex; PMC = premotor cortex; S1 = primary

somat rtex; BA 44/45 = Brodmann’s area; STG = superior temporal gyrus; IPL =

inferior i obule.

Fig 1. Image processing.
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(A). Diffusion weighted imaging (DW1)-B0 image, with DWI hyperintensity in parietal cortex;
(B): DWI lesion with white matter regions in yellow (obtained from registration of -white
matter mon results of the T1 weighted image), lesion outlined in red, and lesion
mirror reg(C): T1 weighted image with segmentation results of white matter; (D):
T1 weighteehimage; (E): fractional anisotropy map; (F): apparent diffusion coefficient map;
(G): axial Ly (H): radial diffusivity; (1): overlay of stroke lesions of all included

participants in M@ntreal Neurological Institute space, colors indicate the number of patients

with a Ie3|m ch respective voxel.

G

Fig 2. DTI ters of the visual cortex.
= 0.42 0.78 0.64
5 0.40 0.76 111 0.62
8039 :}r")‘ﬁ-«\‘% . 1.08 0.60
2038 i 1.05 0.58

0.36 0.56
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% 0.38 0:73 1.02 0.58
.g 0.36 - 1.00 0.56
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In the ipsi rimary visual cortex, a decrease of the apparent diffusion coefficient
(ADC) was (t=2.66, P =.033) at 3 months after stroke onset compared to
baseline !ontralesmnal fractional anisotropy (FA) was significantly increased at 3 months
compar line (t=3.36, P =.006), and ADC and (radial diffusivity) RDs were

signiflcanmased at 3 months (t=3.28, P=.002 and t = 3.12, P = .011, respectively).

No intera ect of group (National Institutes of Health Stroke Scale-negative [NIHSS-

IHSS-positive) in regard to NIHSS-item 4 (visual) was present (P > .05). AD

= axial diffusivi
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Fig 3. DTI parameters of the primary motor cortex.
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-
Ipsilesioant diffusion coefficient (ADC)-values of the primary motor cortex (M1)
were sign ecreased in the National Institutes of Health Stroke Scale (NIHSS)-
positive g ore=1 on item motor leg) at 1 month after stroke onset compared to

baseline (§= 3.22, P = .034). There was a significant decrease of ADC-values in the

[F)

contralesi where ADC was lower at 3 months after stroke compared to baseline,

c

when all pagti ts were considered (t = 2.49, P = .048). Axial diffusivity (AD) was
decrea month after stroke (t = 4.40, P = .002), and 3 months after stroke (t = 3.35, P

=.026)4 HSS-positive group only. FA = fractional anisotropy; RD = radial diffusivity.

or M

Fig 4. DTIEters of the superior temporal gyrus.
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In the overall group, contralesional apparent diffusion coefficient (ADC) and axial diffusivity
(AD) were significantly increased at 1 month after stroke compared to baseline (¢ = 3.00, P =
.015 anM,P = .040, respectively). In the National Institutes of Health Stroke Scale
(NIHSS)—up (score=1 on item best language), radial diffusivity (RD) was
significm“sed at 1 month compared to baseline (t = 3.38, P = .025). T indicates a
group d|ff etween the NIHSS-positive group and the NIHSS-negative group (score=0

on item bgst langliage). Fractional anisotropy (FA) was significantly higher in the NIHSS-

negative mam effect of group: F=6.479, P =.022).

Fig 5. DTI ters of the inferior parietal lobule.

{04}
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In the Natio stitutes of Health Stroke Scale (NIHSS)-positive group (score = 1 on item
11: inatte extinction), ipsilesional apparent diffusion coefficient (ADC) was
significan at 3 months after stroke compared to baseline (t = 3.15, P =.043). In the
overall al diffusivity (RD) was significantly higher at 3 months after stroke than at
baseline ( P =.025) and 1 month after stroke (t = 2.78, P = .025). FA = fractional
anisotrop xial diffusivity
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