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Abstract

Introduction: There is growing evidence that the subventricular zone (SVZ) plays a key role in
glioblastoma (GBM) tumorigenesis. However, little is known regarding how the SVZ, which is a
harbor for adult neural stem cells, may be influenced by chemoradiation. The current diffusion-
weighted imaging (DWI1) study explored ipsilateral and contralateral alterations in the anterior
SVZ in GBM patients with posterior enhancing lesions following chemoradiation.

Methods: Forty GBM patients with tumor involvement in the posterior SVZ (mean age=57+10;
left-hemisphere N=25; right-hemisphere N=15) were evaluated using DWI before and after
chemoradiation. Regions-of-interest were drawn on the ipsilesional and contralesional anterior
SVZ on apparent diffusion coefficient (ADC) maps for both timepoints. ADC histogram analysis
was performed by modeling a bimodal, double Gaussian distribution to obtain ADC,, defined as
the mean of the lower Gaussian distribution.
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Results: The ipsilesional SVZ had lower ADC, values compared to the contralesional SVZ
before treatment (mean difference=0.025 um?2/ms; P=0.007). Following chemoradiation, these
changes were no longer observed (mean difference=0.0025 um?/ms; P>0.5), as ADC, values of
the ipsilesional SVZ increased (mean difference=0.026 pm2/ms; P=0.037). An increase in
ipsilesional ADC| was associated with shorter progression-free (P=0.0119) and overall survival
(P=0.0265).

Conclusions: These preliminary observations suggest baseline asymmetry as well as
asymmetric changes in the SVZ proximal (ipsilesional) to the tumor with respect to contralesional
SVZ regions may be present in GBM, potentially implicating this region in tumorigenesis and/or
treatment resistance.

Keywords

Diffusion weighted imaging; Apparent diffusion coefficient; Subventricular zone; Brain tumor;
Glioblastoma; Radiation therapy

INTRODUCTION

Glioblastoma (GBM) is a highly-aggressive, malignant brain tumor that accounts for 52% of
all primary brain tumor cases in the United States [1]. Prognosis for GBM patients is poor,
and the median survival for patients is only around 15 months [2]. Currently, treatment for
newly diagnosed GBM usually involves maximal surgical resection followed by
chemoradiation including radiation therapy (RT) with concurrent temozolomide (TMZ)
followed by adjuvant temozolomide. However, tumor recurrence remains unavoidable [3],
suggesting resistance to chemoradiation may be inherent or acquired and may originate in
the tumor microenvironment and/or the central nervous system as a whole.

Recent studies have implicated the subventricular zone (SVZ) in both GBM tumorigenesis
and resistance to chemoradiation. GBMs are known to contain glioma stem cells that allow
for self-renewing capability and intra-tumor heterogeneity, and the SVZ is known as one of
the few brain regions that contains adult neural stem cells and has been suggested as a
potential site for neurogenesis [4-6]. Lee et al. discovered genetic mutations within SVZ
neural stem cells in high concentrations in GBM, providing the first direct genetic evidence
for a potential SVZ origin of GBM [7]. Moreover, in a study of 507 GBM patients, 91.9% of
GBMs were found to have some subventricular involvement, showing T2 hyperintensity
and/or contrast enhancement extending into the periventricular white matter regions adjacent
to the SVZ [8]. Injected GBM cells have also been shown to specifically infiltrate the SVZ
in mouse models [9]. Additionally, irradiation of the SVZ has been associated with
improved outcomes for GBM patients [10, 11], further suggesting a potential link between
the SVZ, GBM tumorigenesis, and chemoradiation resistance.

One potential tool for investigating the SVZ microenvironment is diffusion-weighed
imaging (DWI). DWI is a non-invasive imaging method commonly used to evaluate the
cancer microenvironment directly; however, it may also provide insight into microstructural
changes within the SVZ. The apparent diffusion coefficient (ADC), a quantity derived from
DWI that reflects the relative mobility of water molecules, has been shown to be inversely
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proportional to tumor or neural cell density [12-14] and the density of proliferating cells
[15]. ADC has been used extensively as a biomarker in brain tumors for predicting survival,
RT efficacy, and to explore distal structural changes in GBM patients as a result of long-term
radiation damage [16—19]. However, despite a single conference abstract showing
hemispheric differences in ADC values within the SVZ [20] and a single study on SVZ
changes during chemoradiation [21], little is known about diffusion changes within the distal
SVZ bhefore and after chemoradiation in newly diagnosed GBM.

The purpose of the current study was to examine and quantify ADC changes in the SVZ of
newly diagnosed GBM patients before and after chemoradiation. Using ADC histogram
analysis to model the bimodal behavior of ADC within the SVZ, we hypothesized ADC_
values, the mean ADC of the lower Gaussian distribution, within ipsilesional SVZ (same
hemisphere as the tumor) may be lower than the contralesional SVZ (opposite hemisphere
from the tumor) prior to radiation, consistent with a higher cell density and/or proliferation
rate of stem cells within the SVZ proximal to the tumor. Additionally, we hypothesized
ADC,_ within the ipsilesional, more proximal SVZ region may increase following
chemoradiation, implying either a morphometric change in the SVZ cells or reduction in
cellularity from either destruction of SVZ cells or migration of SVZ cells to the tumor site.

METHODS

Patient Selection

All patients participating in this study signed institutional review board-approved informed
consent. Data acquisition was performed in compliance with all applicable Health Insurance
Portability and Accountability Act regulations. Patients were retrospectively selected from
our institution’s neuro-oncology database. A total of 40 patients who met the following
criteria were selected: (1) pathology-confirmed glioblastoma; (2) tumor involvement in the
posterior SVZ; (3) treatment with standard external beam radiotherapy (RT) and concurrent
temozolomide (TMZ) followed by adjuvant TMZ, and (4) MRI scans obtained after surgical
resection and within 4 weeks after completion of chemoradiation. The average age for this
population was 57+10 years (S.D.), the average Karnofsky performance status (KPS) score
was 90, and 65% were male (26/40). Of these 40 patients, 25 patients had tumor with left
hemispheric involvement while 15 had right hemispheric involvement. Median progression-
free survival (PFS) and overall survival (OS) from the end of chemoradiation for this patient
population was 265 days and 622 days, respectively. Patient data are summarized in Table 1.

Magnetic Resonance Imaging

Diffusion and structural MRIs were obtained on GE Signa Excite HDx (GE Healthcare,
Waukesha, WI); Siemens Symphony, Avanto, or Sonata 1.5T (Siemens Healthcare,
Erlangen, Germany); or Siemens Trio or Verio 3T MRI system. Anatomical MRI, including
pre-contrast axial T2-weighted images, fluid-attenuated inversion recovery (FLAIR) images,
and pre- and post-contrast (gadolinium-diethylenetriamine pentacetic acid at a dose of 0.1
mmoL/kg body weight; Magnevist, Bayer Schering Pharma, Leverkusen, Germany) T1-
weighted images were collected according to the international standardized brain tumor
imaging protocol (BTIP)[22]. Additionally, each patient also received diffusion-weighted
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images (DWIs) with echo time (TE) of 73-137 ms, repetition time (TR) of 3000-12000ms,
slice thickness of 3-5mm with no interslice gap, matrix size of 128x128 or 192x192,
number of excitations (NEX) of 1-4, flip angle of 90°, and 4 values of 0 and 1000 s/mm? in
3 orthogonal directions. ADC was calculated from the acquired £#=0 s/mm?2 and £=1000
s/mm? DWIs.

Subventricular Zone ADC Histogram Analysis

All data was analyzed using Analysis of Functional Neurolmages (AFNI) software [23].
Regions-of-interest (ROIs) were manually drawn on all axial DWI scans prior to and
following chemoradiation. ROIs were drawn separately on the anterior contralesional and
ipsilesional SVZ using a 5-mm margin as described previously (Fig. 1A-B) [24]. ADC
histogram analysis was then performed to remove possible contamination of cerebrospinal
fluid by first extracting ADC values from each ROI, then fitting the ADC distribution to a
double Gaussian mixed model (Fig. 1C),

PADC) = f - N(uapcy-oapcy)+ (1 = )+ N(uapcy- oapcy), Where ADC_and ADCyy
represent the mean ADC value of the lower and higher Gaussian distribution, respectively
[16, 25, 26]. ADC,_ values within each region of the S\VZ were retained and used for
comparison.

Determination of Disease Progression

Progression was defined prospectively by the treating neuro-oncologists if subsequent scans
showed an increase in imaging-evaluable tumor (=25% increase in the sum of enhancing
lesions, new enhancing lesions > 1 cm2, or an unequivocal qualitative increase in
nonenhancing tumor). Patients who required an increased dosage of steroids to maintain
neurologic function, even when anatomical images showed no worsening, were considered
to be stable but received more frequent MRI evaluation. Patients who experienced significant
neurologic decline were also declared to have progressed at the time of irreversible decline.
PFS was defined as the time between the end of concurrent TMZ and RT until disease
progression. OS was defined as the time from end of concurrent TMZ and RT until death or
until the last record of clinical evaluation.

Statistical Analyses

RESULTS

All statistical tests were performed using SPSS software version 25.0 (IBM SPSS Institute
Inc, Chicago, IL) or GraphPad Prism v7.0e (San Diego, CA). Significance level was set at
a=0.05 and all tests were two-tailed. Paired t-tests were conducted to compare differences
between pre- and post-RT ADC, values for the contralesional and ipsilesional SVZ and
between contralesional and ipsilesional SVZ ADC, values at the same timepoint. Pearson
correlation analysis was performed to assess relationships between the ADC, values and
clinical variables (days between scans, age, and survival).

Most patients showed a characteristic increase in ADC within the SVZ following completion
of chemoradiation (Fig. 2A-B), consistent with previous studies examining changes within
the tumor bed itself [21, 27, 28]. However, prior to any chemoradiation, the anterior aspect

J Neurooncol. Author manuscript; available in PMC 2020 December 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Choetal.

Page 5

of the ipsilateral SVZ had a 72% lower ADC, compared with the anterior aspect of the
contralesional SVZ (Fig. 2C,E; P=0.0067). Interestingly, this asymmetry was no longer
present after completion of chemoradiation (Fig. 2D,F; P=0.6808), with the contralesional
SVZ having only a 7% higher ADC, . In patients with left hemispherical tumor involvement
(N=250f 40), the ipsilesional SVZ had significantly lower ADC| compared with the
contralesional SVZ prior to chemoradiation (AADC = 0.036 pm2/ms, P=0.007). No
asymmetry in ADC_ was observed in patients with right hemispheric tumor involvement,
nor were any differences observed in either patient cohort following completion of
chemoradiation (P>0.5).

Within the ipsilesional SVZ, ADC, increased an average of 3.3% (AADC,_ = 0.026 um2/ms)
after administration of chemoradiation (Fig. 3A-B; P=0.0373), with 57.5% of patients
exhibiting an increase in ADC,_ (Fig. 3C). This was particularly interesting because the
contralesional SVZ did not demonstrate much of a change ADC, after chemoradiation (Fig.
3D-E; P=0.6929), averaging a 0.6% increase in ADC,_and around 47.5% of patients
showing any increase in ADC_in this region (Fig. 3F). These trends seem to be driven
mostly by patients with left hemispheric tumor involvement (Supplemental Figure S1; N=25
of the 40 patients), with an ADC,_increase of 0.041 um2/ms (P=0.017) in the ipsilateral SVZ
following chemoradiation. No difference in ADC|_ within the contralesional SVZ was
observed (P>0.5).

A significant positive association was observed between patient age and change in ADC|_in
both the ipsilesional (Fig. 4A; R%=0.2006, P=0.0038) and contralesional SVZ (Fig. 4B;
R?=0.1432, P=0.0161). Patient age was also correlated with post-chemoradiation ADC|_
measurements for both ipsilesional (R?=0.2601, P=0.001) and contralesional SVZ
(R?=0.2025, P=0.004).

An increase in ADC,_ within the anterior ipsilesional SVZ following chemoradiation
resulted in a significantly shorter PFS compared with patients exhibiting a decrease in ADC_
(Fig. 4C; Log-rank, P=0.0244, Hazard Ratio (HR) = 2.043 [95% C.I. = 1.138 - 4.163],
median PFS = 21.7 vs. 55.2 days). Similarly, patients with a measurable increase in ADC
within the ipsilesional SVZ following chemoradiation had a significantly shorter OS (Fig.
4AD; Log-rank, P=0.0308, HR = 1.948 [1.119-4.114]). The observation was still significant
for PFS after accounting for age, tumor hemisphere, and the interaction between hemisphere
and change in ADC|_ (Table 2; Cox multivariable regression, P=0.0237). However, change in
ADC, was not a significant predictor of OS after accounting for these other variables (Table
3; Cox multivariable regression, Change in ADC;, P=0.1689), but tumor hemisphere was a
significant predictor OS (P=0.0281).

DISCUSSION

There is a growing body of evidence implicating the migration of neural stem cells from the
SVZ during GBM tumorigenesis and resistance to chemoradiation [7-11]. In the present
study, ADC| measurements in the ipsilesional SVZ prior to chemoradiation were lower than
the contralesional SVZ, which appears consistent with findings in a previous pilot study
demonstrating lower diffusion kurtosis in the ipsilesional SVZ [20]. Lower ADC values are
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traditionally thought to reflect increased cellular density [12] or higher proliferation [15], so
the present findings may suggest higher neural stem cell density or heightened cellular
proliferation in the SVZ regions proximal to the tumor. This is also consistent with the
interpretation of diffusion characteristics in the SVZ of cognitively-impaired and
Alzheimer’s disease patients, where Cherubini et al. suggested higher ADC values in the
SVZ was due to reduced neurogenesis [29]. Increased SVZ neurogenesis on the ipsilesional
side proximal to the tumor is also consistent with previous reports on genetic similarities
between GBM cells and ipsilesional SVZ cells [7], and the observation of ipsilesional SVZ
involvement on MRI in 90% of GBM patients [8].

The current study observed a significant increase in ADC_ within the ipsilesional SVZ
following chemoradiation, but no change in ADC_ within the contralesional SVZ. This
finding is in line with a previous study that observed increasing ADC values in the SVZ
during chemoradiation for GBM [21]. Moreover, results showed a reduction in asymmetry in
ADC, between the ipsilesional and contralesional SVZ after chemoradiation. Since ADC_
characteristics in the contralesional SVZ remained virtually unchanged after
chemoradiation, the rise in ADC,_ values within the ipsilesional SVZ may suggest that
chemoradiation may change the morphometry, reduce cell density, and/or reduce neural stem
cell neurogenesis through altered migration or direct destruction of cells within the SVZ.
Previous studies have shown that direct irradiation of the SVZ impairs neural stem cell
migration [30] and is associated with improved patient outcomes [10, 11]. Irradiation of the
hippocampus, another site of neurogenesis in the adult human brain, has also been shown to
reduce long-term neurogenesis [31]. Thus, it is conceivable that direct or indirect irradiation
of the proximal, ipsilesional SVZ during treatment of the tumor may lead to changes in
ADC reflecting tumor cell destruction and inhibition of neurogenesis within the tumor bed
as well as the distal, ipsilesional SVZ, respectively. Alternatively, the increase in ADC|_in
the distal, ipsilesional SVZ after chemoradiation may indicate migration of stem cells from
the SVZ to the site of the tumor in order to recapitulate the original tumor hierarchy [32],
possibly resulting in lower cellular density of distal SVZ portions. This appears consistent
with our current observations, in that patients with a significant increase in ADC,_in the
distal, ipsilesional SVZ tended to have shorter PFS and OS. One possible explanation is that
increased cellular migration from the distal, ipsilesional SVZ to the tumor bed may have
resulted in the increased ipsilesional SVZ ADC, values, leading to increased tumor
recapitulation and worsened OS and PFS—however, this is purely speculative. Of note, after
controlling for age and hemispheric involvement, both of which showed associations with
diffusivity measurements in the SVZ, these trends with respect to PFS and OS were no
longer statistically significant. Future, well-controlled studies with a larger number of
patients that also include colocalization of radiation treatment plans would be beneficial for
determining the origin of possible dose-dependent changes in ADC, within the SVZ and the
precise implications on patient outcome. These studies may also want to assess ADC
differences between proximal and distal SVZ regions for potential heterogenous impacts of
chemoradiation on the SVZ and their association with patient prognosis.

It is worth noting that the primary trends appeared to be isolated to patients with left-
hemispheric tumors, but not in patients with right-hemispheric lesions. Of course, one
potential explanation for this is the fact that right-hemispheric tumor patients (N=15)
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compared to left-hemispheric tumor patients (N=25) were smaller in sample size in the
current study. Future studies with more patients will have to control for left and right-
hemispheric tumors to accurately assess if there are true hemispheric differences in SVZ
changes. Interestingly, studies have also shown differences in patient outcome dependent on
tumor location, with patients harboring right-hemispheric tumors involving the SVZ
exhibiting shorter overall survival compared to left-hemispheric tumors [8]. The current
study was not consistent with these previous observations, showing patients with left-
hemispheric tumors having shorter OS (Supplemental Figure S2; PFS, Log-rank, P=0.2004;
OS, P=0.0079). However, it is important to note the current study only considered posterior
lesions and those contiguous with the SVZ, so these observations may not be generalizable
across all tumor locations within a particular hemisphere, or even throughout the SVZ.
Future studies with more patients will be required to determine the possible prognostic role
of tumor location combined with changes in SVZ ADC,_following chemoradiation.

In addition to tumor location, older patient age was also associated with a higher increase in
ADC, following chemoradiation for anterior regions in both the ipsilesional and
contralesional SVZ, suggesting that age may play a pivotal role in both chemoradiation
sensitivity and in neurogenesis of the SVZ. For example, older patients demonstrate greater
and more widespread white matter changes following whole-brain radiation therapy
compared with younger patients [33]. Preclinical studies have shown decreased neurogenesis
in the SVZ with increasing age, which was associated with reduced plasticity and age-
related cognitive impairment [34]. Thus, older patients in the present study may demonstrate
greater changes in ADC|_ within the SVZ because of increased sensitivity to chemoradiation
and/or reduced capacity for neurogenesis following therapy. The fact the association
between age and change in ADC| was observed in both hemispheres of the SVZ—not just
the ipsilesional—further suggests this result may be due to age-related brain changes and not
only from proximal effects of the encroaching tumor.

Limitations and Future Considerations

A confound to the current study, in addition to the limited study population size, is the use of
relatively low-resolution DWI scans for the analysis. Inaccuracies in defining ROIs near the
SVZ can lead to errors in ADC measurement due to partial volume effects between the SVZ
tissue and the adjacent cerebrospinal fluid [35]. In order to overcome this limitation, we
chose to model the underlying ADC histogram in the SVZ ROIs using a bimodal, double
Gaussian model to accurately assess the diffusivity in the tissue compartment, or ADCy . In
addition, it is conceivable that different tumors received variable doses of radiation to the
SVZ. As mentioned previously, future studies utilizing colocalization of radiation treatment
plans will be required to determine possible dose-dependent changes in ADC,_ within the
SVZ. Additionally, given the association between radiation field and tumor size, future
studies examining the association between tumor size, radiation field or dose, and resulting
change in the SVZ are also warranted.

Molecular features of the tumor, including IDH mutation status and MGMT promoter
methylation status, also impact patient prognosis [36, 37], but unfortunately this data was
unavailable for all patients in the current study and therefore was not adequately powered to
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address this question. Although we do not hypothesize chemoradiation-induced changes in
the SVZ to differ between tumor subtypes, future studies should consider the impacts of
molecular signatures on distal SVZ changes.

When determining PFS, it is also possible that some patients were deemed as exhibiting
tumor progression when in fact they exhibited pseudoprogression, which can be difficult to
differentiate using conventional MRI techniques. However, due to the retrospective nature of
the current study, progression was determined prospectively consistent with clinical care
practices during the particular time frame and patients were often changed to another
therapy before radiographic confirmation of progression was obtained.

Additionally, diffusion MR measurements were obtained from a number of MR systems,
vendors, and field strengths, which may have resulted in measurement inaccuracies. Future
studies using a temperature-controlled water phantom could potentially address systemic
variability across MR systems [38]. Lastly, multiple timepoints during chemoradiation and
more sophisticated longitudinal modeling may provide more insights into the dynamic
changes in the SVZ, tumor, and normal brain as a result of chemoradiation.

CONCLUSION

In newly diagnosed GBM patients with posterior lesions, the anterior ipsilesional SVZ has a
lower diffusivity compared with the anterior contralesional SVZ, which normalizes
following chemoradiation due to a significant increase in diffusivity within the ipsilesional
SVZ. This plasticity observed in the more proximal regions of the SVZ to the tumor site
may implicate the SVZ in gliomagenesis and/or chemoradiation sensitivity, as patients with
an increase in diffusivity showed a shorter PFS and OS following chemoradiation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1: Subventricular zone (SVZ) region of interest (ROI) selection and ADC histogram analysis
methodol ogy.

A) FLAIR image from a representative glioblastoma patient showing a lesion in the left
occipital lobe. B) Diagram illustrating the ipsilesional (red) and contralesional (green) ROIs
relative to the location of the primary lesion (orange). C) ADC histogram analysis using a
double Gaussian mixed model. ADC| and ADCy are defined as the lower and higher mean
value of this bimodal distribution.
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Fig. 2: Comparison between ADC,_in theipsilesional and contralesional SVZ pre- and post-

chemoradiation in newly diagnosed glioblastoma.

A) Pre- and B) post-chemoradiation ADC map in a patient with a left occipital glioblastoma.
C) Comparison of ADC,_ between anterior ipsilesional and contralesional SVZ regions prior
to chemoradiation. D) Comparison of ADC|_ between anterior ipsilesional and contralesional
SVZ regions after to chemoradiation. E) Difference in ADC_ between anterior ipsilesional
and contralesional SVZ regions prior to chemoradiation. F) Difference in ADC,_ between
anterior ipsilesional and contralesional SVZ regions after to chemoradiation.
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Fig. 3: Changesin ADC| within theipsilesional and contralesional SVZ after chemoradiation.
A) Ipsilesional ADC| measurements pre- and post-chemoradiation. B) Change in ADC_

within the ipsilesional SVZ after chemoradiation. C) Waterfall plot showing distribution of
change in ADC|_ within the ipsilesional SVZ for the study population. D) Contralesional
ADC_ measurements pre- and post-chemoradiation. E) Change in ADC|_ within the
contralesional SVZ after chemoradiation. F) Waterfall plot showing distribution of change in
ADC,_ within the contralesional SVZ for the study population.
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Fig 4: Relationship between changein ADC|_ after chemoradiation, patient age, and outcome.
A) Correlation between change in ADC,_ in the ipsilesional SVZ and patient age. B)

Correlation between change in ADC|_in the contralesional SVZ and patient age. C)
Comparison of time to progression after chemoradiation between patients with increasing
versus decreasing ADC, within the ipsilesional SVZ. D) Comparison of overall survival
after chemoradiation between patients with increasing versus decreasing ADC;_ within the
ipsilesional SVZ.
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Characteristics

Sex (Male/Female)

Average Age (Years) £ SD

Overall Survival (Days) + SD
Progression-Free Survival (Days) + SD

Average Days Between Pre-/Post-RT Scans +
SD

All Patients (n=40)

26/14
57+10
622 + 805
265 + 757
80 +22

L eft-Hemispheric Tumor
Patients (n=25)

17/8
59+11
386 + 342
92 + 156
77+20

Right-Hemispheric Tumor
Patients (n=15)

9/6

53+8

1016 + 1158
554 + 1189
90 +23
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Multivariable Cox Regression Results for Progression-Free Survival (PFS) Using Patient Age, Hemisphere of
Tumor Involvement, Change in ADC|, and the Interaction Between Hemisphere and Change in ADC, within

the Ipsilesional SVZ.

Variable Coefficient | Hazard Ratio (HR) P-Value
Age -0.0075 0.9922 (0.9507-1.0355) 0.7195
Hemispheric Involvement (L eft/Right) 0.1443 1.1553 (0.5701 - 2.3411) | 0.6888
Increasevs. Decreasein ADC, in thelpsilesional SVZ 1.4618 4.3138 (1.2160 — 15.3035) | 0.0237*
Interaction Between Hemisphere and Increase/Decreasein ADC, | -0.6628 0.5154 (0.2485 - 1.0691) 0.0750
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Multivariable Cox Regression Results for Overall Survival (OS) Using Patient Age, Hemisphere of Tumor
Involvement, and Change in ADC|_ within the Ipsilesional SVZ.

Variable Coefficient | Hazard Ratio (HR) P-Value
Age —0.0087 0.9913 (0.9559-1.0280) 0.6388
Hemispheric I nvolvement (L eft/Right) 0.8744 2.3974 (1.0985 - 5.2325) | 0.0281*
Increasevs. Decreasein ADC, in thelpsilesional SVZ 0.9515 2.5895 (0.6677-10.0434) | 0.1689
Interaction Between Hemisphere and Increase/Decreasein ADC, | —0.3818 0.6826 (0.3181-1.4647) 0.3270
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