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Abstract: We investigated to evaluate whether diffusional kurtosis imaging (DKI) can early detect the microstructure
change of corticospinal tract (CST) after unilateral cerebral infarction solely in middle cerebral artery (MCA) terri-
tory. Seventy-seven patients with MCA territory infarct consisting of 10 subjects of hyperacute phase, 22 subjects
of acute phase, 28 subjects of subacute phase and 17 subjects of chronic phase were enrolled in this study. ROI
method was performed to measure the mean value of the infarcted area and the areas which belongs to CST [in-
cluding the posterior limb of internal capsule (PLIC), cerebral peduncle (CP), pons, and medulla] in both ipsilateral
and contralateral mirror side in all the DKI-derived parametric maps. Compared with the contralateral mirror side,
MK, K”, K, in the infarcted area sharply increased to a peak in acute phase, and then gradually fell down. MD, D||
and D, decreased till acute phase and then started to increase gradually. FA decreased more and more seriously
from hyperacute to chronic phase. K, and D, were more helpful to detect the subtle changes of CST after infarc-
tion as they both had significant changes in all phases. Moreover, there were more locations that had significant
changes with time going on. To conclude, DKI, especially the variable K" and D", may serve as a new biomarker to
observe the microstructure change of the descending CST, which may reflect the extent of Wallerian degeneration
and be helpful for clinical decision making.

Keywords: Diffusional kurtosis imaging, corticospinal tract, Wallerian degeneration, middle cerebral artery occlu-
sion

Introduction the subtle change of CST. FA decreased signifi-

cantly in ipsilateral corticospinal tract after

Ischemic stroke often results in hemiparalys-
is, aphasia, and sensory disturbances, which
brings great social and family problems. After
stroke, corticospinal tract (CST) Wallerian de-
generation, which is associated with poor neu-
rological outcome [1], is often seen subse-
quently in about 1~3 months or later in conven-
tional MRI examinations. Wallerian degener-
ation is the secondary degeneration of distal
axons after regional injury of the neuronal cells,
which is commonly seen after stroke. In the
early phase, the corticospinal tract in conven-
tional T,WI, T,Wl or FLAIR images often appears
normal. Diffusion weighed imaging (DWI) [2,
3] and diffusion tensor imaging (DTI) [4-7], T,
relaxation time [2] have been used to observe

ischemic stroke compared to the contralateral
side, and FA value correlated well with motor
function scale, while T, relaxation time failed to
detect the Wallerian degeneration.

Diffusional kurtosis imaging (DKI) is a quantita-
tive measure of the non-Gaussianity of the dif-
fusion process in both white matter and gray
matter; it has more advantages over DTl and
can yield additional kurtosis information. Initial
results proved that DKI may better characterize
the complexity or heterogeneity of tissue micro-
environment, and has more sensitivity [8-11].
Till now, little DKI related studies about the CST
Wallerian degeneration have been systemati-
cally evaluated. The purpose of this study is to
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Table 1. Detailed information about the recruited patients

Hyperacute phase

Acute phase Subacute phase Chronic phase

Time from symptom onset to MRI examination < 6 hours
No. 10

Sex (M/F) 8/2

Age (years) 55.80 + 14.59

> 6 hours ~3 days > 3 days ~10 days > 10 days ~30 days

22 28 17
17/5 18/10 13/4
53.59 + 12.28 55.71+9.72 51.29 + 10.67

characterize the ischemic lesion with DKI, and
to evaluate whether DKI derived variables can
early detect the microstructure change of CST
after unilateral cerebral infarction solely in mid-
dle cerebral artery (MCA) territory.

Materials and methods
Patient selection

This study was approved by the ethics com-
mittee of local institution, and written informed
consent was acquired from all subjects. Se-
venty-seven patients from 114 ischemic stroke
patients were recruited in the study. All the
included subjects satisfied the following crite-
ria: (1) patients that experienced unilateral
ischemic stroke in sole MCA territory which con-
firmed in DWI and conventional MR sequences;
(2) the ischemic lesions did not involve the pos-
terior limb of internal capsule (PLIC); (3) the
patients had never suffered from stroke or
other neurological diseases before.

The final 77 patients (56 male and 21 female
aged from 24 to 80 years, 54.14 + 11.30 years)
were classified as four phases according to the
time from their symptom onset to MRI examina-
tion: (1) hyperacute phase (less than 6 hours, n
= 10, 8 male and 2 female, 55.80 + 14.59
years); (2) acute phase (> 6 hours ~3 days,
n =22, 17 male and 5 female, 53.59 + 12.28
years); (3) subacute phase (> 3 days ~10 days,
n = 28, 18 male and 10 female, 55.71 + 9.72
years); (4) chronic phase (> 10 days ~30 days, n
= 17, 13 male and 4 female, 51.29 + 10.67
years). The patients’ information is summarized
in Table 1.

MRI examination

All the subjects were examined on GE Discovery
MR750 3.0Tesla MR scanner (Gradient field
switching rate is 200 T/ms) with a 32-channel
head coil. The imaging sequences included
T,WI, T,WI, FLAIR, DWI (b = 1000 s/mm?) and
DKI. Imaging parameters for DKI were as fol-
lows: field of view (FOV) = 24 cm, slice thick-
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ness/spacing = 4.0/0.0 mm, TR/TE = 5000/
98.1 ms, matrix = 128 x 128, Bandwidth =
250.0, NEX =1, b =0, 1250, 2500 s/mm? (dif-
fusion encoding vectors along 25 directions for
every none-zero b value). The total scanning
time was 5 minutes and 45 seconds.

Data post processing

All the DKI raw images were processed us-
ing the software (Diffusional Kurtosis Estimat-
or, version 2.0, http://academicdepartments.
musc.edu/cbi/dki/DKE/dke_download.htm)
developed by Tabesh et al [12]. Before DKI cal-
culation, we checked all the diffusion images to
make sure that there was no significant image
distortion. Then, the DKI raw images were pro-
cessed step by step according to the Diffusion-
al Kurtosis Estimator. Firstly, all the DICOM
images were converted to NIFTI format using
MRIcron, and the images with b = 1250 and b
= 2500 s/mm? were registered to b = 0 images
using SPM8. Then a voxel-by-voxel analysis was
made and both diffusion kurtosis and diffusion
tensor were estimated simultaneously. These
co-registered images were fitted with a nonlin-
ear fitting algorithm (DKI fitting) with all the
data (b = 0, 1250, 2500 s/mm?) were used.
The following diffusion kurtosis and diffusion
tensor parametric maps were generated as:
mean kurtosis (MK), axial kurtosis (K”), radial
kurtosis (K,), fractional anisotropy (FA), mean
diffusion coefficient (MD), axial diffusion coef-
ficient (D") and radial diffusion coefficient (D)
maps. They were fitted to the following Equation:

3 3

3 3 .3 3
In[S(n, b)/So] ='b22nm,Dy+ %DZD2ZZZZHI'H/WW
i=1 =1 j=1k=

j=1 i=1 j=1k=11=1

where S (n, b) is the signal intensity for non-zero
b-value along direction n, S is the signal inten-
sity for b = O (without any diffusion gradient), n,
n, N, and n,are the components of the direction
vector Du and Wijm denote the components of
the 2nd order diffusion tensor D and the 4th
order kurtosis tensor K, respectively, and p is
the MD.
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Figure 1. ROIs in the plane of lesion (A) and the four selected plane of
corticospinal tract [PLIC (B), CP (C), pons (D), and medulla (E)] on MD
map. Red color represents ROIs ipsilateral to the lesion, and blue color
represents ROIs contralateral to the affected side.

Region of interests (ROIs) were manually drawn
in transverse slices using Imagel) software
(http://rsb.info.nih.gov/ij/) from MD map, and
then projected to other parametric maps. The
ROIs include the infarcted area (Lesion), ipsilat-
eral posterior limb of internal capsule (ipsilat-
eral PLIC), ipsilateral cerebral peduncle (ipsilat-
eral CP), ipsilateral pons, ipsilateral medulla
and the same area on the contralateral mirror
side, including the contralateral Lesion (Mirror),
contralateral PLIC, contralateral CP, contralat-
eral pons and contralateral medulla. The ROIs
in PLIC, CP, pons, and medulla were drawn
along the corticospinal tract (CST) (Figure 1). All
the ROIs were drawn by an experienced nerora-
diologist (5 years) and checked by another ner-
oradiologist (8 years) simultaneously.

Statistics analysis

The statistical analysis was performed using
SPSS software for Windows (version 19.0,
Chicago, IL) and P < 0.05 was recognized as the
significance criteria. Paired t test was used to
compare the differences between the two sides
in all the DKI-derived variables.

Results

Comparison of DKI-derived variables between
infarcted area and the contralateral mirror
area

MK, K, and K, in the infarcted area demon-
strated irregular high signal, while MD, D“, D,
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and ADC showed relatively ho-
mogeneous low signal. FA exhib-
ited low signal with the boundary
ambiguously (Figure 2).

Compared to the contralateral
mirror area, MK, K", K, sharply
increased with the time, and
increased to the peak in acute
phase (1.864 + 0.475, 1.650 +
0.357, 2.045 £ 0.540), then
gradually decreased (Figure 3).
MK, K”, K, increased by 96.36%,
134.51%, 65.13% in the peak
compared with the contralateral
mirror side, respectively. Except
for K, in chronic phase (P =
0.135), MK, K” and K, values
were significantly higher in the
infarcted area compared with
the contralateral mirror area,
and significantly increased from
hyperacute to chronic phase (all P-values <
0.05) (Table 2).

MD, D, decreased gradually with the time to
the bottom in acute phase (0.449 + 0.080 x
10° mm?/s, 0.364 + 0.084 x 103 mm?/s), and
then startedtoincrease gradually; D, decreased
to the bottom in subacute phase (0.611 *
0.137 x 10 mm?/s), then gradually increased
(Figure 3). MD, DI’ D, value decreased in the
bottom by -51.13%, -55.43%, -46.48%, respec-
tively. MD, D|| and D, value in the infarcted area
are significant lower than that in the contralat-
eral mirror side in every phase (all P values <
0.05) (Table 2).

FA value in the infarcted area decreased from
hyperacute phase to chronic phase (Figure 3).
For FA, there was no significant difference
between infarcted area and contralateral mir-
ror area in hyperacute phase (P = 0.315); from
acute phase to chronic phase, FA in the infarct-
ed area were significant lower than those in the
contralateral mirror side (all P values < 0.05)
(Table 2).

Changes in the corticospinal tract of the DKI-
derived variables

In the four selected area of corticospinal tract
(posterior limb of internal capsule, cerebral
peduncle, pons, medulla), for MK only the ipsi-
lateral PLIC in acute and subacute phase had
significant changes compared to relevant con-
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Figure 2. A 48-year-old female patient with left limb weakness for 10 days. A-G: Represent the infarcted area in MK,
K, K., FA, MD, DI' D, map, respectively; H-J: Indicate K, maps in the plane of posterior limb of internal capsule
(FJLIC), cerebral peduncle (CP) and pons. The infarcted area in MK, K B K, map showed inhomogeneous hyperinten-
sity signal, while MD, Dll' D, map showed relative homogeneous low signal. FA map exhibited a slightly low signal
with the boundary ambiguously. The right side along corticospinal tract in the plane of PLIC, CP, and pons mani-
fested as slightly high signal (arrow).
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Figure 3. The evolutions of MK, K, K, FA, MD, D", D, in the infarcted areas and the contralateral mirror areas MK,
KH' K., FA were dimensionless, MD, D", D, were given in x 10° mm?/s.

in every phase, there was no significant change
between two sides in the selected four planes
(Table 3).

tralateral areas. For KI’ PLIC and CP in acute
and subacute phase, PLIC, CP and pons in
chronic phase had significant changes. For K,

1429 Am J Transl Res 2017;9(3):1426-1434



DKI in evaluating CST after infarction

Table 2. Comparison of DKI-derived variables between infarcted area and contralateral mirror area

Hyperacute phase Acute phase Subacute phase Chronic phase
Mean + SD P Mean + SD P Mean + SD P Mean + SD P

MK Lesion 1.495+0.199 0.000* 1.864 +0.475 0.000* 1.806 +0.451 0.000* 1.548 +0.282 0.000*
Mirror  0.982 + 0.178 0.949 + 0.148 0.974 + 0.107 0.994 +0.123

K Lesion 1.193 +0.130 0.000* 1.650+0.357 0.000* 1.622+0.509 0.000* 1.314 +0.380 0.000*
I Mirror  0.718 +0.076 0.704 + 0.092 0.725 + 0.071 0.718 + 0.081

K Lesion 1.828 +0.370 0.000* 2.045+0.540 0.000* 1.853+0.546 0.000* 1.528+0.394 0.135
+ Mirror  1.259 + 0.348 1.238 £ 0.339 1.287 £ 0.252 1.330 £ 0.278

MD Lesion 0.610+0.074 0.000* 0.449+0.080 0.000* 0.469 +£0.106 0.000* 0.594 +0.113 0.000*
Mirror ~ 0.915 £ 0.089 0.919 £ 0.129 0.900 + 0.094 0.931+0.134

b Lesion 0.883+0.174 0.000* 0.621+0.132 0.000* 0.611+0.137 0.000* 0.743+0.131 0.000*
I Mirror 1.349 + 0.161 1.400 + 0.154 1.371 £ 0.148 1.406 + 0.117

b Lesion 0.473+0.060 0.001* 0.364+0.084 0.000* 0.398+0.099 0.000* 0.519+0.112 0.001*
+ Mirror  0.698 + 0.148 0.679 + 0.185 0.665 + 0.135 0.694 + 0.197

A Lesion 0.372+0.122 0.315 0.338+0.129 0.000* 0.281+0.085 0.000* 0.238+0.086 0.000*
Mirror ~ 0.408 + 0.138 0.447 £ 0.138 0.441 +0.111 0.438 £ 0.138

MK: mean kurtosis, K”: axial kurtosis, K,: radial kurtosis, FA: fractional anisotropy, MD: mean diffusion coefficient, DH: axial diffusion coefficient,
D,: radial diffusion coefficient. Lesion and Mirror means the infarcted area and the contralateral mirror area, respectively. *denotes significant
difference between infarcted area and the contralateral mirror area. MK, KH' K., FA were dimensionless, MD, DH' D, were given in x 10° mm?/s.

Table 3. Comparison of DKI metrics (MK, K”, K,) between two sides of corticospinal tract

Hyperacute phase Acute phase Subacute phase Chronic phase
Mean + SD P Mean + SD P Mean + SD P Mean + SD P
MK_PLIC Ipsi 1.164 + 0.055 0.833 1.204 +0.167 0.035* 1.271+0.239 0.009* 1.188 +0.133 0.069

Contra 1.169 + 0.074 1.133 + 0.066 1.161 + 0.097 1.137 £ 0.089

MK_CP Ipsi 1.005 £ 0.140 0.751 0.991+0.073 0.608 0.990+0.111 0.195 0.994 +0.080 0.673
Contra 1.014 £0.171 0.998 + 0.087 0.974 £ 0.099 0.988 + 0.057

MK_Pons Ipsi 1.043 £0.049 0.075 1.052+0.067 0.910 1.040+0.053 0.872 1.051+0.071 0.256
Contra 1.063 + 0.053 1.051 + 0.099 1.042 + 0.061 1.036 + 0.083

MK_Medulla Ipsi 0.922+0.067 0.331 0.875+0.060 0.583 0.874+0.069 0.284 0.888+0.049 0.681
Contra 0.909 + 0.060 0.880 + 0.052 0.955 + 0.406 0.892 + 0.036

K,-PLIC Ipsi 0.631+£0.026 0.679 0.697 £0.134 0.045* 0.765+0.205 0.000* 0.755+0.170 0.006*
Contra 0.624 + 0.056 0.632 £ 0.070 0.607 + 0.038 0.611 £ 0.063

K“_CP Ipsi 0.639 £ 0.058 0.401 0.658 +£0.042 0.046* 0.676+0.100 0.001* 0.708 £ 0.080 0.008*
Contra 0.654 + 0.066 0.6310.055 0.643 + 0.096 0.652 + 0.067

K,_Pons Ipsi 0.835+0.075 0.741 0.790+0.063 0.996 0.790+0.065 0.972 0.799 £0.051 0.008*
Contra 0.830 + 0.054 0.790 + 0.088 0.791 + 0.059 0.763 £ 0.057

K”_Medulla Ipsi 0.811+£0.080 0.298 0.805+0.056 0.095 0.773+0.061 0.413 0.779+0.057 0.763
Contra 0.797 £ 0.057 0.786 £ 0.060 0.782 £ 0.062 0.785 + 0.048

K,_PLIC Ipsi 1.810 £ 0.190 0.442 1.892 +0.367 0.051 1.937+0.332 0.393 1.679+0.289 0.135
Contra 1.872+0.182 1.745 £ 0.321 1.880 + 0.267 1.764 + 0.276

K,_CP Ipsi 1.406 £0.266 0.786 1.346+0.228 0.132 1.339+0.175 0.820 1.328+0.215 0.210
Contra 1.389 + 0.278 1.407 + 0.240 1.346 + 0.202 1.375+0.219

K,_Pons Ipsi 1510+ 0.135 0.104 1.496+0.269 0.986 1.459+0.166 0.623 1.486+0.251 0.795
Contra 1.559 £ 0.101 1.497 + 0.259 1.475 £ 0.147 1.474 + 0.193

K,_Medulla Ipsi 1.149 + 0.153 0.566 1.073+0.168 0.852 1.083+0.167 0.657 1.144+0.138 0.698
Contra 1.175 +0.119 1.078 + 0.183 1.066 + 0.151 1.131 £ 0.109

MK: mean kurtosis, K,: axial kurtosis, K,: radial kurtosis; PLIC: posterior limb of internal capsule, CP: cerebral peduncle; Ipsi and contra repre-
sented ipsilateral and contralateral side with the infarcted area; *denotes significant difference between two sides; MK, KH' K, were dimension-
less.
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Table 4. Comparison of DTI metrics (MD, D”, D,, FA) between two sides of corticospinal tract

Hyperacute phase

Acute phase

Subacute phase

Chronic phase

Mean + SD P Mean + SD P Mean + SD P Mean + SD P

MD_PLIC Ipsi 0.833+0.058 0.489 0.813+0.101 0.038* 0.794 +0.105 0.009* 0.827 +0.110 0.041*
Contra 0.841 + 0.055 0.857 £ 0.075 0.847 £ 0.037 0.871 + 0.098

MD_CP Ipsi 0.941+0.074 0.784 0.941+0.056 0.234 0.916 +0.080 0.001* 0.938 +0.122 0.575
Contra 0.934 + 0.125 0.959 + 0.085 0.955 + 0.074 0.947 + 0.076

MD_Pons Ipsi 0.816 + 0.039 0.109 0.839+0.070 0.470 0.833+0.046 0.606 0.859+0.104 0.097
Contra 0.803 + 0.041 0.851 + 0.106 0.837 + 0.061 0.881 £ 0.143

MD_Medulla Ipsi 0.954 +0.133 0.341 0.895+0.058 0.401 0.958+0.114 0.750 0.956 +0.129 0.406
Contra 0.937 +0.123 0.902 + 0.058 0.954 + 0.094 0.947 +0.120

D”_PLIC Ipsi 1.502 £ 0.127 0.046* 1.515+ 0.189 0.049* 1.438 +0.245 0.000* 1.433 +£0.258 0.021*
Contra 1.574 + 0.092 1.617 + 0.142 1.655 + 0.086 1.609 + 0.073

D”_CP Ipsi 1.652 +0.093 0.590 1.638+0.079 0.115 1.570+0.171 0.000* 1.523 +0.171 0.034*
Contra 1.621 +0.163 1.683 £ 0.135 1.649 + 0.140 1.611 + 0.092

D”_Pons Ipsi 1.259 £+ 0.067 0.433 1.340+0.079 0.436 1.294+0.072 0.099 1.319+0.096 0.013*
Contra 1.245 + 0.079 1.354 +£0.121 1.319 + 0.093 1.370+0.131

D”_Medulla Ipsi 1.317 £ 0.149 0.599 1.291+0.074 0.503 1.362+0.120 0.998 1.345+0.141 0.757
Contra 1.330 + 0.133 1.300 + 0.083 1.362 + 0.112 1.354 £ 0.129

D, PLIC Ipsi 0.499 + 0.087 0.157 0.462+0.093 0.504 0.471+0.077 0.065 0.525+0.115 0.194
Contra 0.474 + 0.065 0.478 £ 0.113 0.443 + 0.040 0.502 + 0.146

D, CP Ipsi 0.586 +0.095 0.831 0.593+0.077 0.820 0.590+0.065 0.102 0.645+0.155 0.078
Contra 0.590 + 0.122 0.597 + 0.099 0.608 + 0.068 0.615 + 0.110

D, Pons Ipsi 0.595 +0.042 0.137 0.588 £+0.079 0.589 0.602+0.049 0.569 0.629+0.122 0.624
Contra 0.583 + 0.034 0.599 + 0.118 0.596 + 0.062 0.636 + 0.159

D, Medulla Ipsi 0.773+£0.127 0.070 0.697 £ 0.068 0.625 0.756+0.124 0.739 0.761+0.138 0.149
Contra 0.740 £ 0.124 0.703 + 0.062 0.750 + 0.109 0.743 + 0.126

FA_PLIC Ipsi 0.604 +0.087 0.077 0.639+0.071 0.513 0.604 +£0.087 0.000* 0.558 +0.126 0.023*
Contra 0.639 + 0.057 0.654 + 0.099 0.683 + 0.036 0.635 + 0.099

FA_CP Ipsi 0.574 + 0.072 0.522 0.566 +0.058 0.451 0.548+0.054 0.272 0.499 +0.103 0.021*
Contra 0.564 + 0.072 0.577 £ 0.067 0.558 + 0.048 0.542 + 0.077

FA_Pons Ipsi 0.478 £0.038 0.585 0.510+0.047 0.617 0.485+0.036 0.081 0.470+0.072 0.228
Contra 0.482 + 0.035 0.504 + 0.061 0.498 + 0.044 0.483 £ 0.074

FA_Medulla lpsi 0.332+£0.031 0.001* 0.371+0.049 0.922 0.363+0.057 0.952 0.353+0.064 0.438
Contra 0.366 + 0.039 0.370 £ 0.039 0.363 + 0.064 0.364 + 0.053

MD: mean diffusion coefficient, DH: axial diffusion coefficient, D,: radial diffusion coefficient, FA: fractional anisotropy. PLIC: posterior limb of
internal capsule, CP: cerebral peduncle; *denotes significant difference between two sides. MD, D”, D, were given in x 10 mm?/s, FA was

dimensionless.

For MD, PLIC in acute phase, PLIC and CP in
subacute phase, PLIC in chronic phase had sig-
nificant changes. For D", PLIC in hyperacute
and acute phase, PLIC and CP in subacute
phase, PLIC, CP and pons in chronic phase had
significant changes. For D, in every phase, no
significant changes were seen in all the select-
ed four planes. For FA, only medulla in hyer-
acute phase, PLIC in subacute phase, PLIC and
CP in chronic phase showed significant chang-
es (Table 4).

MK, K”, K, value in the ipsilateral areas that
have significant changes were higher than that
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in the contralateral areas, and MD, D", D,, FA
value in the ipsilateral areas that have signifi-
cant changes were lower than that in the con-
tralateral areas.

Comparison of DKI and DTI metrics in evaluat-
ing the changes of CST

In all of the above variables, K, and D| were
more helpful to detect the subtle change of CST
after unilateral cerebral infarction; they both
had seven locations that had significant chang-
es in all phases. Moreover, there were more
locations that had significant changes with the
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time going on. For MK, MD and FA, there were
just two to four locations in all phases that had
significant changes. And for K., D,, no signifi-
cant change was seen in all the locations and in
all phases.

Discussion

This study demonstrated the feasibility of DKI
in evaluating the ischemic lesion and the micro-
structure change of the descending CST, which
may reflect the extent of Wallerian degenera-
tion after unilateral cerebral infarction solely in
middle cerebral artery territory. The DKI derived
variables in the ischemic lesion all have the
peak value in acute phase. K" and D| are more
helpful to detect the subtle change o} CSTinall
the DKI derived variables.

MK, K", K. value in the infarcted area increased
to the peak in acute phase, then gradually
decreased; MD, D| and D, value decreased to
the bottom in acute phase then they started to
increase gradually (Figure 3); they also had the
biggest percent change in acute phase. From
this, it can be predicted that the infarcted area
may have severe pathophysiological change in
acute phase; this also play an important role in
the high signal manifested on MK maps.
Previous DKI studies of stroke [13-17] have
shown that the high signal on MK maps indi-
cate an increase in the complexity or heteroge-
neity of the cellular microenvironment. So DKI
can provide more detailed diffusion informa-
tion in patients with ischemic stroke. The con-
tinuous decrease of FA over time represented a
persistent destruction in the infarcted area,
mainly the loss of myelin and the restricted
water molecular movement due to the loss of
ordered structures. It was a chronic process
lasting a minimum time period of 3-6 months
[18].

In this DKI study, the abnormal area of ipsilat-
eral corticospinal tract manifested as hyperin-
tensity on MK, K", K, maps (Figure 2), while on
MD, D", D, and FA maps they were hypointen-
sity. Wen et al [5] reported that Wallerian
degeneration can be detected as early as the
second day after modeling by diffusion tensor
imaging in a cat Wallerian degeneration model.
In our study, on D|| maps, ipsilateral corticospi-
nal tract can be detected with significant
change in the plane of PLIC early in hyperacute
phase. With the time going on, more locations
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can be detected with significant changes. The
different diffusion variables also showed differ-
ent sensitivity to evaluate the microstructure
change of CST. One thing should be noted that,
the time to detect the degenerated CST varied
with species and the Wallerian degeneration
models, and other circumstances. We also see
that there was almost no significant difference
between two sides of CST in the plane of
medulla. This is probably mainly due to some
fibers of the descending CST cross to the other
side on this plane, the difference between two
sides can’t be observed.

Fan’s study [2] showed that ADC increased in
the affected side of CST in a rat Wallerian
degeneration model, while Xiang’s research [4]
found that ADC significantly decreased in 8
patients 3 to 21 days after stroke onset. In our
study, MD, which has the analogous meaning
as ADC, in the ipsilateral areas that have signifi-
cant changes are lower than that in the contra-
lateral areas. Thus, different results generated.
Wen et al [5] dynamically observed the diffu-
sion indices of DTl in a cat Wallerian degenera-
tion model, and found that, during the early
stage (within 8 days after modeling), MD in
the affected side showed instability, while in
the late stage (after 8 days), MD gradually
increased. It can be speculated that, MD expe-
rienced a process from decrease to normaliza-
tion, then increase in the affected side of CST.

Based on the above results, K" and D| are more
helpful to detect the subtle change o} CST after
unilateral cerebral infarction. The pathological
change of corticospinal tract after infarction
was mainly due to the damage of axons; and it
may be severe than the proximal myelin sheaths
injury. This can explain why the extent of
Wallerian degeneration of CST correlates well
with the clinical motor deficit [1, 19]. So K”, D||
may be a new biomarker to reflect the injury
extent of CST Wallerian degeneration, this can
reflect patient’s prognosis and may be helpful
in making clinical decision.

As for MK, MD and FA, fewer locations that
have significant changes were detected in all
phases. The subjects enrolled in this study
were in a relative early phase of infarction,
more locations can be detected if the ischemic
patients were in a stage of 3-6 months, or lon-
ger. Several diffusion tensor imaging (DTI) stud-
ies [4, 7, 19, 20] also demonstrated FA value
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decreased significantly, and correlates well
with the motor deficit.

One limitation of this study is that the included
subjects had no clinical data of motor deficit, so
the correlation of DKI-derived variables and the
limb motor deficit couldn’t be calculated. More
detailed studies should be done to in-depth
understand the application of DKI in evaluating
Wallerian degeneration.

In conclusion, DKI can provide more detailed
diffusion information in patients with ischemic
stroke. Among all the DKI-derived variables, K"
and D|| are more helpful to early detect the
micro pathological changes of the descending
CST after unilateral cerebral infarction. The
pathological change of Wallerian degeneration
is probably mainly due to the obstruction of
axons. So DKI, especially the variable K" and
D", may serve as a new biomarker to early
observe the minor change of the descending
CST, which can reflect patient’s prognosis and
give a good help for clinical decision making.
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