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Abstract
Background and purpose: MRI Diffusion-weighted imaging (DWI) lesion volume, pattern, and location have all
been used to predict outcome of acute ischemic stroke. We hypothesized that homogeneity within the DWI lesion
may also be associated with outcome.
Methods: Brain MRI including DWI was performed for consecutive acute ischemic stroke patients within 48 h of
onset. Patients were classified as having a homogenous or non-homogenous (heterogeneous) DWI lesion visually.
NIHSS was recorded at baseline, 1 week and at 1 month. Modified Rankin Scale (mRS) score was assessed at 3 months.
Results: Fifteen patients were recruited to each group (homogenous and non-homogenous DWI lesion). There were
no significant differences at baseline (p > 0.05). Patients with a homogenous DWI lesion had significantly higher mRS
score at 3 months (worse outcome) than those with a non-homogenous (heterogeneous) DWI lesion (median,
IQR 4, 2–4 vs. 1, 0–2 respectively, p = 0.001). On repeated measures ANOVA, NIHSS was significantly worse at
1 week and 1 month in patients with a homogenous DWI lesion.
Conclusion: Lesion homogeneity on early MR DWI is a simple and reproducible visual assessment that may
be a strong marker of outcome in acute ischemic stroke.
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Introduction
Predicting prognosis and outcome in acute ischemic
stroke is important, particularly in identifying patients
who may benefit from reperfusion therapies and those in
which therapy would be futile or harmful. Structural
MRI is a useful tool in predicting outcome and several
MR [1, 2], and particularly diffusion-weighted imaging
(DWI) characteristics [3–6], have been identified for this
purpose. Lesion volume on DWI images is the most
consistent marker of prognosis in most studies, but its
use alone to exclude eligible patients has been challenged [7].
The DWI lesion is believed to reflect restricted water
diffusion in the tissue which in turn approximates the
infarct core and correlates strongly to final infarct
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volume [8, 9]. Plenty of evidence suggests, however, that
the DWI lesion may not be entirely composed of irreversibly damaged core and that it may contain “islands”
of ischemic yet viable (salvageable) tissue [10–12]. Signal
intensity on DWI potentially correlate in these varying
degrees of ischemia and would be apparent on visual
inspection. We thus hypothesized that acute ischemic
stroke patients who have homogenous DWI lesions on
MRI within 48 of stroke onset may have a worse outcome than those with non-homogenous (heterogeneous)
DWI lesions.

Methods
This was a prospective case-control study. Consecutive
acute ischemic stroke patients were prospectively recruited. Inclusion criteria were stroke onset within 48 h,
MRI brain with DWI was available, non-lacunar anterior
circulation infarction on MRI, no significant pre-stroke
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disability (Modified Rankin Scale score < 2) and age > 18
years. Patients were excluded if they had significant concurrent electrolyte imbalance or uncontrolled general
metabolic derangements.
MRI

Brain MRI was acquired using a 1.5T machine (Signa
Prospeed, GE, USA) including Fast Spin Echo T1W
(TE/TR 9/520 ms), T2W (TE/TR 105/5000 ms), axial
fluid-attenuated inversion recovery (FLAIR) (TE/TR
140/8000 ms, inversion time 2 s), axial single-shot
multi-slice diffusion-weighted echo-planar imaging pulse
sequence (DWI-EPI) (b value = 1000, TE/TR 112/6300 ms)
and EPI gradient echo T2* (TE/TR 15/540 ms), and timeof-flight MRA (TE/TR 6.9/36 ms).
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rater variability in the study sample (k = 0.94, p < 0.01;
k = 0.98, p < 0.01; respectively).
Lesion sizes were divided based on measuring of maximum diameter on axial sections by trained neurologists
(RRM, HHS) into small (2–3 cm), medium (3–5 cm),
and large (> 5 cm) infarctions.
Outcome measures

NIHSS was assessed at baseline, at 1 week (or discharge
from hospital) and at 1 month after onset. Modified
Rankin Scale (mRS) was assessed at 3 months.
Informed consent was obtained from all subjects or
their next of kin. The study was approved by the Ain
Shams University Local Research Ethics Committee.
Statistical analysis

DWI homogeneity

Visual assessment of DWI images was done by two
examiners to classify lesions into homogenous and nonhomogenous (heterogeneous). A DWI lesion was considered homogenous if there was (1) no clearly discernable
or very little differences in signal intensity in different
parts of the lesion (featureless uniform hyperintensity);
(2) loss of grey-white matter differentiation if lesion involved the cortex; (3) loss of structural details of the parenchyma within the lesion; and (4) no clear hemorrhagic
transformation within the lesion (Fig. 1). Lesions were
considered non-homogenous (heterogeneous) if they did
not fulfil these criteria (i.e., showed variable degrees of
hyperintensity in various parts of the lesion). Using these
simple criteria, there was excellent inter-rater or intra-

Comparisons were made between groups (homogeneous
vs. non-homogenous DWI lesion) in mRS at 3 months
using the Mann-Whitney U test (median and interquartile
range [IQR]) and in NIHSS at baseline, 1 week and at 1
month using repeated-measures ANOVA. Comparison of
lesion sizes between groups was done using chi-squared
test. The analysis was done on SPSS ver. 20 (IBM SPSS,
NY, USA). p < 0.05 was considered significant.

Results
Fifteen patients fulfilling the criteria were recruited with
non-homogenous DWI lesions and 15 with homogenous
DWI lesions. Of the latter group, 3 patients died in hospital < 1 week after onset (mRS = 6) and were excluded
from further analysis of NIHSS. Patient characteristics

A
Homogeneous

B
Heterogeneous

Fig. 1 Examples of homogenous (top row, a) and heterogeneous (bottom row, b) DWI lesions
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p = 0.024) but not time × group interaction (F(2,50) =
2.27, p = 0.1, Fig. 2b).

Table 1 Patient characteristics
Homogenous DWI

Non-homogeneous DWI

Age

59.2 ± 10.0

62.0 ± 15.6

Gender

7 M, 8 F

7 M, 8F

Diabetes mellitus

6/15

4/15

Hypertension

8/15

9/15

Baseline

12.3 ± 4.7

9.6 ± 6.9

1 week

10.7 ± 5.3

5.7 ± 4.6a

1 month

8.1 ± 4.5

2.8 ± 2.3a

Small

2

3

Medium

9

10

Large

4

2

Discussion
This study describes a novel marker of ischemic stroke
prognosis based on visual assessment of routine MR
DWI lesions. We demonstrate that patients with anterior
circulation non-lacunar infarcts of all sizes who have a
homogeneous DWI lesion type have worse outcome on
3 months mRS and 1 month NIHSS than similar patients
with non-homogenous (heterogeneous) DWI lesions.
DWI lesion homogeneity is a simple and easy feature
that can be accurately determined using visual inspection alone in a single scanning session with no additional
scanning time or special analysis techniques. This makes
it particularly suited to the clinical situation where a
decision to proceed with further treatments or withhold
it needs timely information.
The volume of the early DWI lesion has repeatedly
been found to be an independent predictor of outcome [3].
A cutoff volume > 70 ml has recently become accepted as a
poor prognostic marker and has even been used in thrombectomy trials to exclude patients from therapy [13]. Nonetheless, this has been contested [7, 14], emphasizing that
volume alone may not be sufficient to exclude potential
patients or predict outcome [15]. Combination with MRA
(to assess recanalization) [2, 7] and characterization of the
DWI lesion itself in terms of pattern [6] and location [4]
have been proposed to improve prediction of prognosis.
It is now established that at least at early time points,
parts of the DWI may represent viable penumbral tissue
that can be salvaged [11, 12], and hence not contribute
to final infarct volume (partial DWI lesion reversal). It
can be proposed that heterogeneity of the DWI may

NIHSS

Lesion size

a

Data available for 12 patients only

are presented in Table 1. There was no significant difference at baseline between the groups in the distribution
of lesion sizes (χ2 = 0.9, p = 0.6), stroke risk factors (all
p < 0.05), and severity of stroke on NIHSS (12.3 ± 4.7
vs. 9.6 ± 6.9, p = 0.22).

Outcome

Patients with a homogenous DWI lesion had significantly
higher mRS score at 3 months, i.e., worse outcome, than
those with a non-homogenous (heterogeneous) DWI
lesion (median, IQR 4, 2–4 vs. 1, 0–2 respectively, p =
0.001; Fig. 2a). Similarly, for NIHSS, although there was
no difference between the groups at baseline, repeated
measures ANOVA showed a significant main effect of
time (F(2,50) = 36.0, p < 0.001) and group (F(1,25) = 5.77,

A
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B
16

Non<Homogenous

14

Homogenous

Mean)±SD

12

10

8

6

4

2

0

At)admission

After)1)week

After)1)month

Fig. 2. Association of outcome with DWI lesion homogeneity. Patients with homogenous DWI lesion have a significantly higher modified Rankin
Scale score at 3 months (a). NIHSS at 1 week and 1 month was significantly worse for patients with homogenous lesions (b)

Boss et al. The Egyptian Journal of Neurology, Psychiatry and Neurosurgery

reflect this variable fate of the DWI lesion, whereas
homogeneity may indicate inevitable infarction of the
entire DWI lesion. Cerebral perfusion studies may clarify
if this is the case and a longitudinal MRI study, particularly in patients who achieve recanalization, will be able to
establish if this is the reason behind the difference in prognosis between these two types as observed in the present
study.
This study is limited by the small number of patients
and by not using a quantitative method for calculating
lesion volume accurately. Additional confirmation in a
larger sample of patients is thus important and should
include measurement of other imaging predictors to
ascertain their independence of each other and their
individual predictive power. Also, exact measurement of
ADC and variance in intensity within the DWI lesion
could be useful in future studies to establish the quantitative cut-off points that correspond to the visual assessment of lesion homogeneity.

Conclusion
Lesion homogeneity on early MR DWI is a strong marker
of outcome in acute ischemic stroke. It is a simple and reproducible visual assessment and may be useful in tailoring
therapy for the individual patient in the clinical setting.
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