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Abstract

Background: Cerebrovascular stroke is one of the leading causes of death worldwide. Imaging with conventional
MR techniques cannot provide reliable information as regard the integrity of the white matter tracts and therefore
limiting its ability to predict the clinical outcome. While prediction of the motor outcome becomes more crucial for
determining the specific rehabilitation strategies and final clinical outcomes, the purpose of this study was to assess
the value of diffusion tensor MR imaging in patients with acute ischemic stroke as a prognostic imaging modality
to predict the clinical outcome.

Results: A significant statistical association was found between the tractography findings and the clinical score at
admission (p 0.0005) and the clinical recovery after 3 months (p 0.001). Residual neurological deficits were found in patients
with disrupted tracts; on the other hand, near complete clinical recovery was found in patients with non-disrupted tracts.
Also, significant statistical association was found between the degree of FA reduction in the affected tracts and the clinical
score at admission (p 0.001) and the clinical recovery after 3 months (p 0.01). Correlation between the FA values at the site
of infarctions and the corresponding area of the brain on the contralateral side revealed significant statistical difference.

Conclusion: DTI offers a potential tool for prediction of the clinical outcome of acute stroke patients as it can detect the
microstructural changes in the white matter tracts affected by the ischemic lesions which cannot be detected by
conventional MRI and therefore can help in determining the rehabilitation strategy
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Background
Acute cerebrovascular stroke is one of the leading causes
of mortality and disability worldwide especially in elderly
population [1]. Stroke is a broad clinical tem used to de-
scribe acute ischemic arterial infarcts, venous infarcts,
and intracranial hemorrhage [2]. The mechanism of
brain damage includes neuronal cell death and tissue
loss caused by hypoperfusion and the hypoxic brain
damage resulting in collapse of osmotic regulation and
cytotoxic edema [3]. The brain stem affection in poster-
ior circulation stroke has been associated with high mor-
bidity and mortality, with the mortality often reaching
up to 30–70% [4].
Currently, the most widely used powerful diagnostic

tool for acute stroke is the diffusion MRI (DWI) [1]. Dif-
fusion images can be rapidly acquired and interpreted

over a few minutes and can guide the reperfusion ther-
apies early after onset of symptoms [5].
DWI is an MRI technique sensitized to the Brownian

motion of the water molecules in human tissues. As the
white matter tracts of the brain are presented in differ-
ent directions, the diffusion in such tracts is not uniform
but considered as anisotropic, along the direction of the
various fiber tracts [2]. Diffusion tensor imaging (DTI) is
a recent non-invasive functional MR technique used to
study the microstructural changes of the brain tissue.
The FA (fractional anisotropy) detects the directionality
of diffusion of water molecules inside the tissue. Abnor-
malities in the white matter causing loss of axonal
organization produce lower FA values [6].
More than 50% of acute stroke patients experiencing

residual neurological deficits with motor weakness of the
upper limbs considered as the most frequent complica-
tion of stroke [7]. The clinical severity of acute stroke
early in disease seems to have an influence on the overall
stroke outcome. Microstructural damage to the white
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matter tracts and loss of the structural integrity affect
the proper flow of neuronal information across the
tracts, and the integrity of the corticospinal tract (CST)
is critical for motor recovery [4]. Therefore, early evalu-
ation of the integrity of the white matter tracts in acute
stroke patients would assist in prediction of the clinical
outcome, determining the optimal treatment and the ap-
propriate rehabilitation strategies [7]. The current con-
ventional MRI sequences alone cannot provide sufficient
reliable information about the integrity of the white mat-
ter tracts and thereby limiting their ability to predict the
clinical outcome [8].
The purpose of our study is to evaluate the role of

DTI and fiber tractography in the prediction of clinical
recovery after acute cerebrovascular stroke.

Methods
A prospective study included 66 patients presented with
acute ischemic stroke in the period between October
2017 and November 2018. Six patients were excluded
due to motion artifact that degraded the quality of the
DTI maps and the final cohort was 60 patients. Written

informed consents were obtained from all patients. The
study is IRB approved.
MRI with diffusion tensor imaging was done for all

patients within the first 2 days after the clinical presen-
tation. The clinical neurological deficits were assessed
by a neurology specialist with a 10-year experience
using the National Institutes of Health Stroke Scale
(NIHSS) on patient’s admission. The NIHSS is a sys-
tematic assessment tool providing a quantitative meas-
ure of stroke-related neurologic deficit. The NIHSS is
widely used to evaluate the acuity of stroke patients, de-
termine appropriate treatment, and predict the patient
outcome (Fig. 1) [9].
The patients were then clinically followed up after 3

months to detect any residual neurological deficits.
Neurological improvement was defined as a decrease in
the NIHSS score after 3 months compared to that on
admission.
Exclusion criteria:

� Patients with intracerebral hemorrhage.
� Patients with absolute MRI contraindications.

Fig. 1 The NIHSS score
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MRI technique was done using a standard 1.5 Tesla unit
(Achiva, Philips) using a standard head coil. The obtained
sequences were axial T1W, T2W, FLAIR, diffusion-
weighted imaging, and diffusion tensor. The diffusion ten-
sor imaging consisted of a single shot, spin-echo echopla-
nar sequence in 12 encoding directions, and a diffusion
weighting factor of 800 s/mm2, TR 8000 ms, TE 67 ms,
flip angle 90, matrix 112 × 110, FOV 210 × 236 mm, and
number of excitations, 2 and slice thickness, 2.0/00.
Post processing was done on the MR workstation

(Phillips Extended MR Workspace, 2.6.3.5 Netherlands).
The maps obtained were as follows:

1. Grey scale FA maps.
2. Directionally encoded color FA maps.
3. 3D fiber tractography was performed using multi-

ROI technique based on known anatomy. Regions
of interest (ROIs) were drawn in the unaffected por-
tion of the white matter tracts, and the software de-
tects the white matter tracts that passed through
the ROIs.

Freehand drawings of the regions of interest (ROIs)
were made at the FA color map overlaid on T2 or
FLAIR images. Measurements were performed at the site
of infarction and the corresponding area at the contra-
lateral hemisphere.
For classification of the patterns of white matter

tract affection as detected by 3D fiber tractography,
we followed the classification of Witwer et al. [10].
The tracts were classified into preserved, displaced, or
disrupted.
Disrupted tract: if the tract showed marked reduction

of the anisotropy so that it could not be identified on

the FA maps and could not be traced by fiber tracking
algorithm.
Displaced tract: if the tract showed abnormal location

or abnormal orientation, but it maintains its normal an-
isotropy when compared to the corresponding contralat-
eral tract.
Preserved tract: if the tract maintains its normal loca-

tion, orientation, and anisotropy compared to the corre-
sponding contralateral normal tract.
In cases with more than one tract affection, it is con-

sidered disrupted if at least one tract is disrupted.
The patients were classified according to the following:

○ The clinical score (NIHSS): Mild (1–4), moderate
(5–10), and severe (> 10).
○ The degree of FA reduction of the white matter
tracts at the site of infarction: mild (0.4), moderate
(0.2–0.3), and severe (0.1).
○ The pattern of WM tract affection whether
disrupted or non-disrupted (either preserved or dis-
placed). Disrupted (if at least one tract is disrupted).

Statistical analysis

○ Results are expressed as mean ± standard deviation
or number (%).
○ Association between different parameters was
performed using chi-square test.

Results
Sixty six patients were included in the study (38
males and 28 females). Six patients were excluded
due to motion artifact that degraded the quality of
the DTI maps and the final cohort was 60 patients

Table 1 Correlation between the degree of FA reduction and
NIHSS on admission

NIHSS FA

Mild (n = 5) Moderate (n = 36) Severe (n = 19)

Mild (n = 10) 0 2 8

Moderate (n = 40) 5 24 11

Severe (n = 10) 0 10 0

P 0.001

Table 2 Correlation between the tractography findings and
NIHSS on admission

NIHSS Tractography

Disrupted (n = 38) Non-disrupted (n = 22)

Mild (n = 10) 1 9

Moderate (n = 40) 29 11

Severe (n = 10) 8 2

P 0.0005

Table 3 Correlation between the degree of FA reduction and
NIHSS after 3 months

NIHSS FA

Mild (n = 5) Moderate (n = 36) Severe (n = 19)

Mild (n = 26) 5 15 6

Moderate (n = 34) 0 21 13

Severe (n = 0) 0 0 0

P 0.01

Table 4 Correlation between the tractography findings and
NIHSS after 3 months

NIHSS Tractography

Disrupted (n = 38) Non-disrupted (n = 22)

Mild (n = 26) 8 18

Moderate (n = 34) 30 4

Severe (n = 0) 0 0

P 0.001
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(34 males and 26 females). The patients’ ages ranged
between 24 and 75 years, and the mean age was 58.2
years.
The correlation between the degree of FA reduction

and the NIHSS on admission is summarized in Table 1.
The five patients in the mild FA group were all belong-
ing to the moderate NIHSS group. While among the 36
patients in the moderate FA group, two patients (5.5%)
fall in the mild NIHSS group, 24 patients (66.7%) in the
moderate group, and 10 patients (27.8%) in the severe
group. In the severe FA group, eight patients (42.2%)
were in the mild NIHSS group and 11 patients (57.8%)
were in the moderate group. The results were statisti-
cally significant (p = 0.001) denoting that, the more the
degree of FA reduction, the more the brain damage and
the higher the clinical severity.

The correlation between the pattern of white matter
tract affection as detected by 3D fiber tractography and
the NIHSS on admission is summarized in Table 2.
Among the 38 patients with disrupted white matter
tracts, 1 patient (2.6%) fall in the mild NIHSS group, 29
patients (76.3%) in the moderate group, and 8 patients
(21.1%) in the severe group. Whereas from the 22 pa-
tients in the non-disrupted group, 9 patients (40.9%)
were in the mild NIHSS group and 11 patients (50%)
were in the moderate group and 2 in the severe group
(9.1%). The results were highly statistically significant
(p = 0.0005).
The correlation between the degree of FA reduction and

the NIHSS after 3 months is summarized in Table 3. All
the 5 patients in the mild FA group were belonging to the
mild NIHSS group. While among the 36 patients in the

Fig. 2 A 75-year-old male patient, diabetic and hypertensive, presented with right hemiplegia. NIHSS on admission was 9. a Axial FLAIR and b, c
axial diffusion WIs (b1000) show left corona radiata and posterior limb of internal capsule area of high FLAIR signal and restricted diffusion in
keeping with acute infarct. d Axial color-coded FA map overlaid on axial T2 images showing reduced FA value at the site of infarct (0.3)
compared to the contralateral normal side (0.5). e 3D fiber tractography of the CST showing disrupted some fibers of the left CST. The patient
shows minimal clinical improvement with residual motor weakness. NIHSS after 3 months was 8
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moderate FA group, 15 patients (41.6%) fall in the mild
NIHSS group and 21 patients (58.4%) in the moderate
group. Whereas in the severe FA group, 6 patients (31.6%)
were in the mild NIHSS group and 13 (68.4%) were in the
moderate group. The results were statistically significant
(p = 0.01) denoting that the more the degree of FA reduc-
tion and brain damage, the more the residual neurological
deficits observed in the patients.
The correlation between the pattern of white matter

tract affection as detected by 3D fiber tractography and
the NIHSS in the clinical follow-up after 3 months is

summarized in Table 4. Among the 38 patients with dis-
rupted white matter tracts, 8 patients (21.1%) fall in the
mild NIHSS group and 30 patients (78.9%) in the mod-
erate group. Whereas from the 22 patients in the non-
disrupted group, 18 patients (81.8%) were in the mild
NIHSS group and 4 patients (18.2%) were in the moder-
ate group. The results were highly statistically significant
(p = 0.001) denoting that the residual neurological defi-
cits were higher in the patients with disrupted white
matter tracts (Figs. 2 and 3) than those with displaced
and preserved tracts (Figs. 4 and 5).

Fig. 3 A 57-year-old female patient, diabetic and hypertensive, presented with dysarthria. NIHSS on admission was 7 a axial T2 b axial diffusion
WIs (b1000) show right fronto-parietal area of high signal and restricted diffusion in keeping with acute infarct. c Coronal FA color-coded map
overlaid over coronal FLAIR image with fiber tractography of the CST that appear preserved. d Axial FA color-coded map overlaid over axial FLAIR
image with tractography of the acurate fasciculus. e Sagittal FA color-coded map overlaid over sagittal FLAIR image with tractography of the
right arcuate fasciculus. f Sagittal FA color-coded map with tractography of the left arcuate fasciculus. Note the disrupted right arcuate fasciculus
(green) compared to the left one (pink). FA value at the site of infarct (0.3) compared to the contralateral normal side (0.4). The patient shows
mild clinical improvement with residual speech difficulties. NIHSS after 3 months was 5
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By comparing the mean FA at the site of infarction
and the mean FA of the corresponding area on the
contralateral hemisphere, we found a significant statis-
tical difference (p 0.001) with evidence of significant FA
reduction at the site of infarct compared to the normal
contralateral side indicating brain damage.
The previous results indicating that DTI with FA mea-

surements and 3D fiber tractography can predict the
clinical outcome of acute stroke patients (the more the
severity of the clinical presentation, the more the dam-
age of the white matter tracts).

Discussion
Acute cerebrovascular stroke is one of the leading causes
of mortality and disability worldwide especially in elderly
population [1]. One of the commonest neurological defi-
cits after acute stroke is upper-limb motor impairment,
which can have a significant impact on disability and
health [11]. The role of imaging with conventional MRI
and DWI is limited to the early diagnosis of the
infracted tissue, while diffusion tensor imaging has
shown promising results in the evaluation of patho-
logical microstructural changes in ischemic tissues and
prediction of the clinical outcome [12, 13].
The purpose of this study was to assess the value of

diffusion tensor MR imaging in patients with acute

ischemic stroke as a prognostic imaging modality to pre-
dict the clinical outcome.
A significant statistical correlation was found be-

tween the degree of FA reduction and the NIHSS
score on admission and that on follow-up after 3
months. This indicates that the more the degree of
FA reduction, the higher the clinical severity and the
more the residual neurological deficits observed in
the patients, thus reflecting more brain damage. We
also found a significant statistical difference between
the FA reduction at the site of infarction compared
to the contralateral hemisphere. Our results agreed
with Abdeldayem et al. [14] who found significant
correlation between the FA with the patient clinical
outcome and recovery after 3 months assessed by the
Modified Rankin Score (MRS). This was also matched
with the results of Song et al. [15] who found that
the higher FA values were correlated with better
neurological recovery and comparing the ipsilateral
and contralateral posterior limb of the internal cap-
sule can significantly predict the motor outcome.
Also, in another study by Kusano et al. [16] done on
18 patients with cerebrovascular stroke, it was found
that the FA at the side of infarction was significantly
lower than the unaffected side and significantly corre-
lated with the MRS score.

Fig. 4 A 64-year-old male patient, diabetic and hypertensive, presented with mild right-sided weakness. NIHSS on admission was 5 a axial
diffusion WIs (b1000) show small left parietal acute infarct. b Axial color-coded FA map overlaid on axial T2 images showing reduced FA value at
the site of infarct (0.3) compared to the contralateral normal side (0.5) c, d axial FA color-coded map overlaid over axial T2 image with 3D fiber
tractography of the CST that appear preserved. The patient shows a significant clinical improvement with residual speech difficulties. NIHSS after
3 months was 2
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However, our results were in controversy with Elkholy
et al. [2] who found insignificant statistical correlation
between the degree of FA reduction and the NIHSS
score. This could be explained by the different method-
ology between the two studies, as they included some
cases with chronic infarcts.
In our study, we also found a significant statistical cor-

relation between the pattern of white matter tract affec-
tion as detected by 3D fiber tractography and the NIHSS
score on admission and that on follow-up after 3
months. This indicates that the clinical severity on ad-
mission and the residual neurological deficits were
higher in the patients with disrupted white matter tracts
than those with displaced and preserved tracts. Our re-
sults agreed with Elkholy et al. [2] who studies 50 pa-
tients with stroke and found that 100% of the patients
with disrupted tracts had residual neurological deficits,
whereas the patients with non-disrupted tracts (dis-
placed and preserved) had near complete clinical recov-
ery and Abdeldayem et al. [14] who found that all the

patients in their study presented with non-disrupted
tracts showed good clinical outcome while 86.4% of the
patients with disrupted fibers showed poor outcome.
Our results were also agreed with Kwon et al. [17] who

found a direct relation between the degree of motor disabil-
ity and the tractography findings with p value < 0.05. Also
with Shereen et al. [18] who found a significant statistical
correlation between the findings of fibers tractography and
the motor changes as well as the clinical outcome.
In another study done by Parmar et al. [8] on 11 pa-

tients with stroke, they found that all the patients with
disrupted tracts had residual neurological deficits on the
clinical follow-up while patients with non-disrupted (dis-
placed) tracts had near complete neurological recovery.
Although the study has several strengths, it also has

some weak points and limitations that prompt further
investigations. The sample size is relatively small. An-
other limitation is that the follow-up was done only
using the NIHSS score while MRI was not performed
again to detect any improvement or changes in the DTI

Fig. 5 A 50-year-old male patient, diabetic and hypertensive, presented with DCL. NIHSS on admission was 10 a axial FLAIR. b Axial diffusion WIs
(b1000) show right occipital acute infarct. c Grey scale FA map showing reduced FA value at the site of infarct (0.2) compared to the contralateral
normal side (0.3) d axial FA color-coded map overlaid over axial FLAIR image with 3D fiber tractography of the inferior longitudinal fasciculus that
appear preserved. The patient shows significant clinical improvement with residual speech difficulties. NIHSS after 3 months was 4
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measures. However, this was related to the clinical prac-
tice as many patients may refuse to repeat the MRI, so
we depends on the clinical follow-up only as done in
previous studies. The clinical follow-up was done using
the NIHSS score, unlike other studies that used another
clinical assessment method which is the MRS. One of
the limitations is the variations in the site of the lesions
and the affected tracts, and thus, the variable clinical
presentation depending on the affected tracts; however,
our main aim was to evaluate the microstructural white
matter changes regardless which tract is affected.

Conclusion
Diffusion tensor imaging with fiber tractography is a
powerful functional MRI technique that can detect the
microstructural changes and integrity of the white mat-
ter tracts in patients with acute cerebrovascular stroke;
thus, it can predict the clinical outcome and can guide
the rehabilitation strategy.
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