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Abstract

Purpose: Reperfusion therapy enables effective treatment of ischemic stroke presenting within
4-6 hours. However, tissue progression from ischemia to infarction is variable, and some patients
benefit from treatment up until 24 hours. Improved imaging techniques are needed to identify
these patients. Here, it was hypothesized that time dependence in diffusion MRI may predict tissue
outcome in ischemic stroke.

Methods: Diffusion MRI data were acquired with multiple diffusion times in five non-reperfused
patients at 2, 9, and 100 days after stroke onset. Maps of “rate of kurtosis change” (), mean
kurtosis, ADC, and fractional anisotropy were derived. The ADC maps defined lesions, normal-
appearing tissue, and the lesion tissue that would either be infarcted or remain viable by day 100.
Diffusion parameters were compared (1) between lesions and normal-appearing tissue, and (2)
between lesion tissue that would be infarcted or remain viable.

Results: Positive values of kA were observed within stroke lesions on day 2 (P=.001) and on day
9 (P=.023), indicating diffusional exchange. On day 100, high ADC values indicated infarction of
50 + 20% of the lesion volumes. Tissue infarction was predicted by high & values both on day 2
(P=.026) and on day 9 (P=.046), by low mean kurtosis values on day 2 (P=.043), and by low
fractional anisotropy values on day 9 (P =.029), but not by low ADC values.

Conclusions: Diffusion time dependence predicted tissue outcome in ischemic stroke more

accurately than the ADC, and may be useful for predicting reperfusion benefit.
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11 INTRODUCTION

Reperfusion therapy with intravenous tissue plasminogen activator or endovascular
thrombectomy enables effective treatment of patients presenting within 4—6 hours of
ischemic stroke.1* However, the ability to salvage brain tissue depends not only on the
duration of hypoperfusion but also on its effect on tissue, which depends on individual
factors such as collateral supply.>-” Accordingly, some patients benefit from reperfusion
even up to 16-24 hours following stroke onset.8:2 Individualized assessment of reperfusion
benefit is therefore needed to avoid missed treatment opportunities.6.7:10.11

Many imaging techniques have been proposed for identifying patients who are likely to
benefit from reperfusion therapy following ischemic stroke. Typically, perfusion imaging
is used to define tissue at risk of infarction. Diffusion MRI (dMRI) is then used to

define tissue that cannot be salvaged by reperfusion (ischemic core) by detecting a
reduction in the apparent diffusion coefficient (ADC). This “diffusion-perfusion mismatch
has been suggested as a method of defining the volume of salvageable tissue (ischemic
penumbra).8:9:12.13 However, the transfer of these techniques into clinical practice has
been slow,1# and there are issues concerning reliability. Quantitative perfusion imaging

is challenging, and the threshold between penumbra and benign oligemia varies across
tissue and may change over time.10:11.15.16 Although ADC reduction is sensitive to critical
hypoperfusion, it detects tissue with very heterogeneous damagel’-19 and that may survive
either with or without reperfusion.29-24 Thus, improved imaging techniques are needed for
the prediction of reperfusion benefit.

Diffusion MRI can provide more information on tissue microstructure and the ischemic
process than what is conveyed by the ADC alone. The ADC captures the initial slope of
the diffusion-weighted signal at low b-values and reflects the average diffusivity within

a multitude of microscopic environments.2> The variance in diffusivities across those
environments is probed by the mean kurtosis (MK) from diffusion kurtosis imaging, which
captures the signal curvature observed at higher b-values.26 The MK is elevated within
ischemic stroke lesions,2” and to consider MK elevation in addition to ADC reduction

may yield a more accurate definition of ischemic core.28:2% Moreover, ischemic stroke is
associated with a diffusion time dependence of both the ADC and the MK. For example, the
ADC reduction in ischemic stroke is reversed for very short diffusion times.3% Conversely,
effects of diffusional exchange have been demonstrated for very long diffusion times, in
which the MK is reduced from exchange-driven mixing of water between microscopic
environments.3! Thus, diffusion time dependence appears tightly linked to the ischemic
process. However, the relationship between diffusion time dependence and the outcome of
ischemic tissue has, to our knowledge, not yet been investigated.

This study followed a small cohort of patients from the subacute to the chronic stage

of ischemic stroke using repeated dMRI examinations with multiple diffusion times. We
hypothesize that assessment of diffusion time dependence may predict tissue outcome
in ischemic stroke, and may be useful for predicting reperfusion benefit. To test this
hypothesis, we estimate the “rate of kurtosis change” (k) within stroke lesions at the
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subacute stage, and compare this parameter between the lesion tissue that would either
be infarcted or remain viable by the chronic stage.

21 METHODS

2.11 Patients and study design

The study followed patients at three time points after ischemic stroke onset using dMRI of
the brain. Patients were recruited from the Department of Neurology at Skane University
Hospital, Lund, Sweden. The inclusion criteria were (1) ischemic stroke with a known time
of onset, (2) no reperfusion therapy given, (3) a (largest) lesion diameter of at least 3 cm, (4)
an established region of ADC reduction at the first imaging time point, and (5) the ability
and willingness of the patient to complete 3 months of follow-up.

Five acute stroke patients met the inclusion criteria (Table 1): 3 females and 2 males with an
age of 47 + 10 years (mean + SD) at the first examination. All patients underwent dMRI 1-4
days following stroke onset, representing the early subacute stage when the volume of ADC
reduction should be near fully developed; 8-11 days following stroke onset, representing the
late subacute stage when the ADC should be pseudo-normalized; and 95-133 days following
stroke onset, representing the chronic stage when the final infarction volume should be

fully developed. Mean duration from stroke onset was 2, 9, and 111 days for the three
imaging time points, which are henceforth referred to as “day 2,” “day 9,” and “day 100,”
respectively. The lesions were heterogenic, originating from occlusions of different branches
of the medial and posterior cerebral arteries.

The study was approved by the Swedish Ethical Review Authority, and all patients gave
written informed consent according to recommendations of the Declaration of Helsinki.

2.21 MRl acquisition

Magnetic resonance imaging acquisition of the brain was performed on an Achieva 3T
system (Philips, Best, the Netherlands). dMRI data were acquired with a diffusion-weighted
EPI sequence, using = 0.2 and 5= 0.5, 1.0, ..., 4.0 ms/um?, each repeated over six
directions and two diffusion times: 7p=30 ms and 7, =60 ms. The diffusion-encoding
gradient duration was fixed at 6 = 21 ms. Other sequence parameters were TR = 2000

ms, TE = 105 ms, FOV = 23 x 23 cm?, 2 x 2 mm? in-plane resolution, five 4 mm thick
slices placed over the lesion, parallel imaging factor 2 (SENSE), partial Fourier factor 0.8,
bandwidth = 2960 Hz/pixel, and an acquisition time of 12 minutes.

2.31 MRI post-processing

The dMRI data were corrected for eddy currents and subject motion using ElastiX32 with
extrapolated target volumes.33 The corrected data were arithmetically averaged across the
diffusion-encoding directions for each b-value and each diffusion time. The image volumes
from each time point were spatially aligned to a common reference space (the day 2 image)
using ElastiX and rigid-body transformations between the 4= 0.2 ms/um? images. To
correct for differences in signal gain between diffusion times, the signal was normalized
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with respect to the 4= 0.2 ms/um? images. Finally, the data were smoothed using a 3D
Gaussian kernel with a SD of 1 x 1 x 2 mm3,

2.41 Signal modeling and parameter maps

To assess diffusion time dependence, the dMRI data were analyzed with the signal
expression proposed by Ning et al,3* according to

log (S) ~ log (Sp) — bADC + b*>MK (1 — Tk) ADC? / 6, o

where & is the non-diffusion-weighted signal; MK is the mean kurtosis in the absence
of time dependence; and k is the rate of kurtosis change. For a single diffusion-encoding
sequence, the exchange-weighting time I is given by

F=1/3A%-A%+2/36°A-4/215% /] (A—1/357 @

where & and A are the duration and separation of the leading edges of the diffusion-encoding
gradients, respectively, and are related to the diffusion time accordingto 7p = A - 1/3 8.
Notably, I # 7p/3 when A >> 6.

Equation 1 is derived from a cumulant expansion of the two-compartment Kérger model
with exchange, in which the & parameter is the exchange rate.34:3% In the absence of
restricted diffusion, A should be positive and reflect diffusional exchange similar to the
apparent exchange rate parameter from filter exchange imaging.34:36-39 However, restricted
diffusion has been demonstrated in ischemic stroke,30 which could result in negative values
of k. More generally, k& reflects time dependence of the diffusional kurtosis, where exchange
effects will increase kand reduce kurtosis and where restricted diffusion will have the
opposite effect.?0 Thus, in this work, ks referred to as the rate of kurtosis change. Note

that restricted diffusion refers to effects of barriers on the temporal evolution of the diffusion
process rather than a reduced diffusion as in a low ADC. Finally, note that we applied
Equation 1 to direction-averaged data, which assumes that effects of diffusion anisotropy can
be neglected. The MK estimated from direction-averaged data differs from the MK obtained
from diffusion kurtosis imaging unless diffusion is completely isotropic. More generally,

it corresponds to the MKt parameter as defined in the context of tensor-valued diffusion
encoding.#1-44

To obtain maps of &, ADC and MK, Equation 1 was fitted to the dMRI data voxel-by-voxel
using linear regression with heteroscedasticity correction. The fitting excluded data points
with signal values equal to or below zero. To obtain maps of the fractional anisotropy (FA), a
DTI analysis*® was performed for the data acquired with 75 =30 ms and £< 1.0 ms/pmZ.

251 Regions of interest

As a basis for all investigations, regions of interest (ROIs) defining stroke lesions and
normal-appearing brain tissue were determined on the spatially aligned ADC maps of each
patient (Figure 1). The manual review was performed by B.L. together with D.v.W., a
senior neuroradiologist, and the automatic steps were performed using MATLAB (R2015b;
MathWorks, Natick, MA).
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To define the full lesion volumes, ROIs were manually determined in the ADC maps on day
2, where the lesions stood out as dark regions with sharp borders to the surrounding tissue
(Figure 1). These ROIs were then used to define the lesion volumes for day 9 and day 100,
but with small manual corrections for tissue displacement and EPI-related distortions. The
corrections were guided by morphological correspondence in the Sy and FA maps without
considering the maps of .

To define the lesion tissue that would be infarcted by day 100, “infarction” ROIs were
created by applying the full lesion volume ROIs to the day 100 ADC maps and selecting
the enclosed voxels with ADC > 1.2 um2/ms (Figure 1). These infarction ROIs were then
applied to the day 2 and day 9 maps to define the tissue that would later become infarcted.
Again, small manual corrections were made as described previously. The lesion tissue that
would remain viable was then defined, for each time point, by “viable” ROIs determined
from the difference between the full lesion ROIs and the infarction ROIs.

To define normal-appearing brain tissue, ROIs were determined for each time point by
taking whole-brain masks (based on thresholding of the S maps) and from these subtracting
the full lesion ROIs, voxels adjacent to lesions, and voxels with ADC > 1.2 um2/ms (Figure
1).

2.6 1 Diffusion time dependence versus tissue outcome

Two approaches were used to investigate whether assessment of diffusion time dependence
may predict tissue outcome in ischemic stroke. First, we studied the progression of &by
comparing lesions with normal-appearing tissue. Second, we tested whether 4 at the two
subacute time points differed between the lesion tissue that would become infarcted and the
lesion tissue that would remain viable. For reference, the comparisons were also performed
for the ADC, MK, and FA.

2.71 Statistical analysis

The comparisons were based on average parameter values obtained by applying ROIs to the
fitted maps and computing the mean value of the enclosed voxels. To reduce the effect of
imaging artifacts, the means ignored the upper and lower half percentiles. For each time
point, paired t-tests compared the average values of &, ADC, MK, and FA between the

ROIs representing the full lesion volumes and normal-appearing tissue. For day 2 and day 9,
paired t-tests compared the average values of each parameter between the ROIs representing
lesion tissue that would be infarcted by day 100 and lesion tissue that would remain

viable. Two-sided P < .05 was considered significant for all tests. Continuous variables are
presented with mean and inter-patient SD.

31 RESULTS

3.11 Demonstration of diffusion time dependence in ischemic stroke

Figure 2A demonstrates diffusion time dependence in a brain region featuring ADC
reduction and diffusion-weighted image hyperintensity on day 2. The lesion was salient
in the Amap, where it featured bright coherent regions with high values against a noisy-
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appearing background. Figure 2B demonstrates how the intensity in the A map reflected

a diffusion time (7p) dependence of the dMRI signal. Where the A map was bright with
positive values (i), a prolonged 7p yielded a decreased signal curvature at high b-values and
a reduced effective diffusional kurtosis (Equation 1). This indicates diffusional exchange.4?
Where the A map was dark with negative values (ii), a prolonged 7p had the opposite effect
on the signal, which indicates restricted diffusion.#0 Where kwas near zero (iii), the signal
overlapped for the two different diffusion times, indicating no diffusion time dependence.

3.21 Diffusion time dependence in lesions versus in normal-appearing tissue

Figure 3 shows the progression of the A map for an example stroke lesion through the
subacute stage (day 2 and day 9) to the chronic stage (day 100), together with maps of

the ADC, MK, and FA. Corresponding figures are presented for all lesions in Supporting
Information Figures S1-S5. Table 2 provides the average parameter values at each time point
and reports any statistical differences between lesions and normal-appearing tissue.

On day 2, in the lesions of all 5 patients, the A maps featured large bright regions indicating
elevated rates of water exchange together with smaller darker regions indicating restricted
diffusion or no time dependence (example in Figure 3). On day 9, in 3 out of 5 patients, a
weaker but similar pattern of elevated A was observed (Figure 4). The k& values were higher
within the lesions than within the normal-appearing tissue, particularly on day 2 (Table 2;
6.0+1.2s51vs25+0.8s1; mean + SD; P=.001) but also on day 9 (5.0 + 1.5s 1 vs 2.0 +
1.3s71; p=.023). Diffusion time dependence was mostly absent on day 100 (0.6 + 1.4 s71
vs 2.0 +1.857L; P=.073).

The ADC within the lesions progressed from reduced (day 2) to pseudo-normalized (day

9) during the subacute stage, to elevated by the chronic stage (day 100; Figure 3 and Table
2). The ADC elevation on day 100 was heterogeneous within the lesions. Some regions
were very bright, indicating liquefaction and infarcted tissue, whereas others were similar to
normal-appearing tissue, indicating viable tissue. Viable tissue was observed at the chronic
stage for all 5 patients (Figure 4), indicating infarction of 50 + 20% of the lesion volumes.
No infarcted tissue was observed outside the original volumes of ADC reduction.

The MK within the lesions was elevated at the subacute stage, and transitioned to reduced by
the chronic stage (Figure 3 and Table 2). The FA within the lesions was similar at all time
points and lower than in normal-appearing tissue.

3.3 1 Diffusion time dependence versus tissue outcome

Figure 4 compares the A maps of all stroke lesions at both subacute time points (day 2 and
9) with the ADC maps at the chronic stage. Table 3 compares the average A on day 2 and
on day 9 between lesion tissue that would have different outcomes (infarcted vs viable),
repeated for the ADC, MK, and FA.

The pattern of elevated & within the lesions at the subacute stage appeared to coincide with
the pattern of elevated ADC at the chronic stage (Figure 4), thus indicating a relationship
between elevated diffusional exchange and eventual infarction. The values of kwere higher
within the lesion tissue that would become infarcted by day 100 than in the lesion tissue that
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would remain viable, both on day 2 (Table 3; 9.5 + 3.1 51 vs 3.6 + 3.0 s™1; mean + SD, P
=.026) and onday 9 (7.2 + 3.4 s 1 vs 3.6 + 1.0 s71; P=.046). Tissue that would become
infarcted also exhibited lower MK values on day 2 (P =.043), and lower FA values on day
9 (P=.029). No relationship was observed between ADC at the subacute stage and tissue
outcome.

41 DISCUSSION

The results show that diffusion time dependence in the early stage of ischemic stroke

may predict tissue outcome in the late stage, and may therefore be useful for predicting
reperfusion benefit. On day 100, only approximately half of the original volumes of ADC
reduction showed signs of infarction. High & values on both day 2 and day 9 were predictive
of this infarction, whereas low ADC values were not. Thus, the use of diffusion time
dependence improved the definition of ischemic core. The dMRI technique used in this
study is vendor-independent, and an implementation optimized for clinical routine imaging
should require only a few minutes of extra scan time.

The eventual infarction of only part of the tissue that exhibited ADC reduction on day 2

is consistent with previous results in non-reperfused ischemic stroke,2122 and demonstrates
that ADC reduction is sensitive but not specific to critical hypoperfusion. The reduced water
mobility in ischemic stroke has been related to “beading” of axons and dendrites, as water
follows osmotic gradients into the intracellular space and causes cellular swelling.30:46-49
The ADC reduction occurs within minutes in tissue where perfusion falls below the
threshold of adenosine-5"-triphosphate depletion, and then occurs at progressively later
time points in tissue with higher perfusion levels,%9 which gives the impression of an
expanding infarction. The reduction does not imply infarction, however. Within 2 hours after
vascular occlusion, ADC reduction also occurs in reversibly ischemic tissue.® Furthermore,
the value of the reduced ADC reflects the tissue composition rather than the degree of
tissue damage.17-20:51.52 Hence, ADC reduction in ischemic stroke appears to reflect the
microstructural consequences of a certain level of hypoperfusion without providing further
information on actual tissue damage.

The high values of kwithin the lesions confirm the presence of elevated rates of water
exchange in subacute ischemic stroke (Table 2).31 The kelevation was more related

to tissue outcome than the ADC reduction (Table 3) and also persisted longer (Figure

3, day 9). This suggests that rather than reflecting reversible cellular swelling in the
early stages of ischemic cell death, as the ADC reduction, the elevated rates of water
exchange may reflect membrane damage and increased cellular permeability in the later
stages.53:54 In ischemic cardiomyocytes, the progression toward necrosis is characterized
by accumulation of damage to the plasma membrane through, for example, phospholipid
depletion, oxidative stress, pore formation, and an unbalanced fatty acid metabolism that
alters fluidity.23:°% Apart from such mechanisms, elevated rates of water exchange may
reflect an increased expression of membrane channels.>® In ischemic stroke, large and
supposedly water-permeable volume-regulated anion channels are thought to be active
participants in the process of excitotoxicity, which expands the infarction into penumbral
tissue.46:57.58 Thus, we hypothesize that elevated rates of water exchange in ischemic
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stroke reflects tissue damage and increased membrane permeability within the developing
infarction.

We identified six main limitations to this study. First, the patient material was small

and heterogeneous with respect to lesion types and exact imaging time points (Table

1), which limited the statistical power. Furthermore, the patients were not imaged

earlier than approximately 2 days after stroke onset. Although this was adequate for
investigating diffusion time dependence within volumes of developed ADC reduction,

data acquired at earlier time points would be necessary to directly study the utility of
diffusion time dependence for predicting reperfusion benefit. Second, data featured large
voxels, low spatial coverage, and lacked reversed-polarity phase encoding for correction of
susceptibility-induced distortions.5® This made spatial alignment of the images challenging
and may have affected the accuracy of following tissue longitudinally using ROIs. The main
finding of diffusion time dependence in ischemic stroke and its relationship with tissue
outcome should be robust to this limitation, however, as it was apparent even on the single-
patient level (Figure 4). Third, due to these limitations, gray and white matter were not
analyzed separately. Diffusional exchange may be affected by myelin content,%0:61 and the
importance of tissue composition on interpreting 4 should be explored in future studies. In
this study, the relationships between a low MK and a low FA with infarction (Table 3) could
reflect a gray matter focus of these particular lesions. The FA result is consistent with Jin

et al,52 but the MK result is opposite to the findings in white matter by Cheung et al?8 and
by Yin et al,2° obtained without considering time dependence. Fourth, the acquisition used
only six independent directions, which may have been insufficient for a rotationally invariant
arithmetic average at high b-values.53 This may have increased the parameter variance but
should not have biased the results, which were based on large ROl averages. Fifth, the
effects of Rician noise may have been non-negligible at our rather high b-values. This may
have introduced a negative bias on & on the order of 25%, assuming an SNR of 40 at 6=0
ms/pum? (Supporting Information Figure S6). Future studies should address this limitation by
using, for example, better head coils, compressed sensing,54 denoising,®° or super-resolution
techniques.5 Sixth, the signal model (Equation 1) features assumptions that can be sources
of bias. In particular, Equation 1 assumes Gaussian diffusion within each microscopic
environment.34 This was not valid for our data, which exhibited effects of restricted
diffusion (Figure 2), consistent with previous results in ischemic stroke obtained using much
shorter diffusion times.3? This entanglement affected the & parameter, resulting in negative
values, a reduced specificity to exchange, and a reduced sensitivity to time dependence. It

is now known how to disentangle the effects of exchange and restricted diffusion,” but that
theory was not available at the time of the study and the data acquisition was not adjusted
accordingly. An alternative means to obtain specificity to exchange is to acquire data with
double diffusion encoding, as in the filter exchange imaging approach.36-39 Furthermore, the
linear relationship with & in Equation 1 assumes "k << 1,34 which may yield a negative bias
when kis large (Supporting Information Figure S6). A more exact non-linear expression has
been presented by Jensen and Helpern.68 Thus, the herein used & parameter should be seen
as a means of capturing time dependence whose interpretation in terms of specific physical
quantities such as membrane permeability requires additional assumptions. The biophysical
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meaning of diffusion time dependence in ischemic stroke needs to be explored further using
more modern approaches to data acquisition and modeling.

51 CONCLUSIONS

Assessment of diffusion time dependence is potentially useful for predicting reperfusion
benefit in ischemic stroke patients. Here, diffusion time dependence provided increased
specificity to tissue infarction, and therefore ischemic core. Future studies should investigate
whether assessment of diffusion time dependence may improve the differentiation of
ischemic penumbra and benign oligemia, such as through sensitivity to water exchange
associated with excitotoxicity, which is dependent on water-permeable ion channels. Future
studies should also include more patients, use more modern approaches to data acquisition
and analysis, and consider including independent techniques such as PET,19 spectroscopy
imaging,!8 or histology,!” to validate diffusion time dependence as a marker of tissue
damage in ischemic stroke.
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FIGURE 1.
The stroke lesions were manually defined based on ADC reduction on day 2 after stroke

onset (red region of interest [ROI]). The thin black line separates tissue that, by day 100,
would either be infarcted (ADC > 1.2 um2?/ms) or remain viable (ADC < 1.2 ym2/ms;
arrows). The lesion definitions were made on spatially aligned ADC maps and were applied
to all time points, with small manual corrections. Normal-appearing tissue was defined as
non-lesion voxels with ADC < 1.2 um?2/ms (thick black ROI)
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Diffusion time dependence in ischemic stroke. A, The same stroke lesion (red ROI) is shown

on an ADC map, a diffusion-weighted image (DWI), and a rate of kurtosis change (4)

map. The lesion was evident in the A map, exhibiting large regions with elevated values. B,
The values of kreflected a diffusion time ( 7p) dependence of the signal, as illustrated for
tissue within small black ROIs on a magnified part of the Amap. Regions with positive &
covered most of the lesion (i), reflecting a decreased signal curvature with longer 7p and
indicating diffusional exchange. Small regions with negative A were also seen (ii), reflecting
the opposite signal pattern and indicating restricted diffusion. Most normal-appearing tissue

featured a A near zero (iii), indicating no diffusion time dependence
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FIGURE 3.
Progression of diffusion parameter maps in ischemic stroke. The rate of kurtosis change

(k) was elevated within lesions (red ROIs) compared with normal-appearing tissue on day
2 (Table 2; P=.001) and day 9 (P=.023), indicating diffusional exchange. The ADC

was pseudo-normalized on day 9. On day 100, a heterogeneous pattern of elevated ADC
indicated infarction within 50 + 20% of the original lesion volumes. The mean kurtosis
(MK) progressed from elevated on day 2, through pseudo-normalized on day 9, to reduced
on day 100. The fractional anisotropy (FA) was reduced at all time points
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L
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FIGURE 4.
Diffusion time dependence versus tissue outcome. The red ROIs indicate the stroke lesions,

and thin black lines divide the lesions between tissue that, by day 100, would either be
infarcted (ADC > 1.2 um2/ms) or remain viable (ADC < 1.2 um2/ms; arrows). The pattern of
the rate of kurtosis change (4) at the subacute stage was similar to the pattern of infarction

at the chronic stage. The value of A'was higher in tissue that would be infarcted than in
tissue that would remain viable both on day 2 (Table 3; A= .026) and on day 9 (P=

.046), indicating a relationship between elevated rates of water exchange and eventual tissue
infarction. Note that for patients 2 and 5, the ADC within the liquid part of the lesion on day
100 was similar to in the ventricles, making them appear confluent
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TABLE 2

Progression of diffusion parameters in ischemic stroke

Time
Parameter point

k[s™] Day 2
Day 9
Day 100
ADC [um%ms] Day 2
Day 9
Day 100
MK [1] Day 2
Day 9
Day 100
FA[1] Day 2
Day 9
Day 100

Lesion

6.0 (1.2)
5.0 (1.5)
-0.6 (1.4)
0.52 (0.11)
0.81 (0.15)
1.53 (0.20)
1.19 (0.15)
0.94 (0.18)
0.61 (0.08)
0.26 (0.05)
0.26 (0.05)
0.25 (0.08)

N-A
25(0.8)

2.0(13)

2.0(18)

0.85 (0.03)
0.87 (0.03)
0.89 (0.04)
0.79 (0.06)
0.78 (0.04)
0.79 (0.03)
0.37 (0.02)
0.35 (0.02)
0.37 (0.03)

P-Value
.001
.023
.073
.002
406
.002
.004
.079
.003
.010
.002
.005

Note: Data are shown as mean (SD) across the 5 patients.

Abbreviation: N-A, normal-appearing tissue.
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Diffusion parameters versus tissue outcome in ischemic stroke

Parameter Time point
k[s™ Day 2

Day 9
ADC [um%ms] Day 2

Day 9
MK [1] Day 2

Day 9
FA[1] Day 2

Day 9

Infarcted
9.5 (3.1)
7.2 (3.9)
0.54 (0.13)
0.87 (0.20)
1.14 (0.16)
0.91 (0.22)
0.21 (0.05)
0.20 (0.05)

Viable
36(3.0)
3.6 (10)
0.50 (0.07)
0.75 (0.11)
1.24 (0.14)
0.97 (0.14)
0.31 (0.07)
0.31 (0.06)

TABLE 3

P-Value
.026
.046
.204
.077
.043
.235
.059
.029

Note: Data are shown as mean (SD) across the 5 patients.
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