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Objectives—To assess whether MR fingerprinting (MRF)-based relaxation properties exhibit
cross-sectional and prospective correlations with patient outcome and compare the results with
those from DTI.

Methods—Clinical imaging, MRF, and DTI were acquired in patients (24 + 10 days after injury
(timepoint 1) and 90 + 17 days after injury (timepoint 2)) and once in controls. Patient outcome
was assessed with global functioning, symptom profile, and neuropsychological testing. ADC and
fractional anisotropy (FA) from DTl and T, and T, from MRF were compared in 12 gray and
white matter regions with Mann-Whitney tests. Bivariate associations between MR measures and
outcome were assessed using the Spearman correlation and logistic regression.

Results—Data from 22 patients (38 £ 12 years; 17 women) and 18 controls (32 + 8 years; 12
women) were analyzed. Fourteen patients (37 + 12 years; 11 women) returned for timepoint 2,
while two patients provided only timepoint 2 clinical outcome data. At timepoint 1, there were

no differences between patients and controls in Tq, T, and ADC, while FA was lower in mTBI
frontal white matter. T at timepoint 1 and the change in Tq exhibited more (/7= 18) moderate to
strong correlations (|4= 0.6-0.85) with clinical outcome at timepoint 2 than T, (n=3), FA (n=

7), and ADC (n=2). High T, at timepoint 1, and serially increasing T4, accounted for five of the
six MR measures with the highest utility for identification of non-recovered patients at timepoint 2
(AUC > 0.80).

Conclusion—T derived from MRF was found to have higher utility than T,, FA, and ADC for
predicting 3-month outcome after mTBI.

Keywords
Traumatic brain injury; Magnetic resonance fingerprinting; Relaxation; Clinical outcome

Introduction

Mild traumatic brain injury (mTBI) is a leading public health problem in civilian, as well

as in military veteran, populations, amounting to an annual worldwide incidence of ~ 55
million [1, 2]. Although most patients recover completely, a subset develops persistent
physical, psychiatric, emotional, or cognitive impairments [3]. Because their brain CT and
qualitative MRI are most commonly negative [4, 5], there is a need for quantitative imaging-
based markers to improve mTBI prognosis.

Diffuse axonal injury is thought to be the pathological process behind most TBI-related
impairments [6]. lonic imbalances cause axonal varicosities and other micro-structural
damage to axonal tracts, which has been commonly studied using diffusion tensor imaging
(DTI) [7, 8]. However, DTI findings are highly variable with respect to anatomical location,
nature of alterations, and their correlation with clinical outcome [9]. Thus, there is a need
for additional non-invasive markers that are sensitive to diffuse axonal injury and its related
cellular changes. Changes in the local molecular environment of water are detectable with
quantitative assessment of its longitudinal (T4) and transverse (T>) relaxation times, but
despite promising results from TBI animal models [10-12], human studies are lacking. The
only two in vivo investigations reported higher T in patients with predominantly moderate
and severe TBI [13, 14]; while a recent ex vivo study linked T, and T to diffuse axonal
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injury [15]. Further research has likely been hampered by the fact that most relaxometry
approaches require long acquisition times limited to only a single property (T1 or Ty).
Fortunately, clinical applications of quantitative relaxometry have been made possible
by magnetic resonance fingerprinting (MRF) [16], which enables fast reconstruction of
different parameters from a single MRI acquisition [17, 18].

Given that (/) diffuse axonal injury is expected to change the molecular environment of
water; and (/) the previous animal studies [11, 12] in TBI found relaxation time increases
correlating with outcomes, we hypothesized that higher relaxation times will be detectable in
vivo by MRF in mTBI and that they will show cross-sectional and prospective correlations
with patient outcome. These hypotheses were tested in gray matter (GM) and white matter
(WM) regions of patients scanned at an average of 24 days after TBI (timepoint 1) and
subsequently at a three-month follow-up (timepoint 2). The aims were to assess whether
MRF-based relaxation properties (T4, To) exhibit correlations with patient outcome and

to compare the results to those obtained with the established DTI metrics of fractional
anisotropy (FA) and apparent diffusion coefficient (ADC).

Study participants

The Institutional Review Board approved this Health Insurance Portability and
Accountability Act-compliant study, and informed written consent was obtained prior to
the examination. Between November 2018 and December 2019, we prospectively enrolled
31 patients (23 women, average age 37 + 12 years) with mTBI to be scanned at an average
of 1 month after injury, with a follow-up visit at an average 3 months after injury (Fig.

1). The inclusion criteria besides diagnosis of mTBI [19], along with exclusion criteria, are
listed in the Supplemental Materials. Eighteen age- and sex-matched healthy volunteers (12
women, average age 32 * 8 years) were included as controls and scanned once. This patient
and control cohort is being studied with multimodal and multinuclear MRI as part of a
larger project, which, at the time of publication, has produced one other manuscript [20].
Specific areas of data overlap between the two publications are reported in the Supplemental
Materials.

Patient outcome assessment

At the time of each MRI visit, patients underwent clinical and neuropsychological
assessment using the following tools from the National Institute of Neurological Disorders
and Stroke TBI Common Data Elements database: the Rivermead Post-Concussion
Symptoms Questionnaire (RPQ) [21], which inquires about 16 symptoms frequently
reported after mTBI; the Glasgow Outcome Scale — Extended (GOSE) [22], to assess

the impact of an injury on daily life function; and the Brief Test of Adult Cognition by
Telephone (BTACT) [23], to evaluate memory and executive functioning using performance-
based cognitive testing. All assessments were performed by the research coordinator, who
was unaware of any individual’s MRI data or results.

Eur Radjol. Author manuscript; available in PMC 2023 June 28.
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MRI acquisition

Imaging was performed on a 3-T scanner (Magnetom Prisma, Siemens Healthineers). The
qualitative MRI protocol consisted of a 2D fluid-attenuation inversion recovery, a 3D
T4-weighted gradient echo, and susceptibility-weighted imaging. DTI was acquired with

a mono-polar gradient pulse echo-planar imaging sequence (nine &, images with 6= 250,
1000, and 2000s/mm2). For multiparametric mapping, we applied a multi-slice 2D radial
MRF method to simultaneously measure T4 and T, as previously described [24], with the
following parameters: in-plane resolution of 1.25 x 1.25 mm2, 5-mm slice thickness, and a
total scan time of less than 8 min. A dictionary with simulated MR fingerprints was created
using extended-phase graphs with T and T entries in the ranges 150-4642 ms and 10-350
ms, respectively (step size of 2.5%) [24]. Imaging parameter details are provided in Table
A.1 in the Supplemental Materials.

Image analysis

Qualitative images were evaluated by a neuroradiologist using the NIH Common Data
Element guidelines [25]. MRI findings were manually outlined and excluded from the
quantitative analysis to investigate only normal-appearing tissue. Twelve regions known for
susceptibility to TBI and that are common sites of DTI abnormalities [25, 26] were extracted
from the T1-weighted images to obtain average regional values of T1, T, FA, and ADC
(Fig. 2). Automatic brain segmentation was performed using FreeSurfer version 6.0.0 [27] to
obtain global WM, global cortical GM, and four deep GM masks. Six regional WM masks
were manually outlined using FireVoxel software [28, 29]. The global cortical GM and
thalamus masks were eroded by one voxel, to reduce partial volume errors from neighboring
cerebrospinal fluid.

Post-processing of diffusion data was performed offline using software tools from FSL [30]
and MRTrix3.0 [31] to generate ADC and FA maps for each voxel. The MRF data was
reconstructed offline with an in-house MATLAB script. Visual quality control ensured that
only artifact-free slices were included in the analysis [32]. Slices with motion artifacts were
completely excluded from the ROI analysis.

All outlined regions were individually registered to the DTI and MRF maps in SPM12.

The ROIs were overlaid on the maps, and voxel values within each ROI were averaged. To
account for partial volume effects, voxels with a cerebrospinal fluid fraction greater than 0.3
were excluded from the analysis. For the estimation of the relaxation times, outliers defined
by T1 > 2500 ms and T, > 150 ms were also excluded (average * two standard deviations of
T4/T5 of cerebrospinal fluid).

All data analyses, including the radiologist’s readings, were done blinded to the patient’s
clinical outcome data.

Statistical analysis

Sample size and statistical power calculations were performed as described in the
Supplemental Materials. Nonparametric analyses were conducted due to their robustness
against violations of the assumption of normality. The Mann-Whitney test was used to
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compare the control to the mTBI group. Since the T, and T, relationships with age are

not well-characterized, the three oldest patients (ages 56, 59, and 60 years), who lacked
age-matched controls, were omitted from the intergroup analyses comparing patients and
controls but were included in the mTBI intragroup analyses (see Supplemental Materials).
Bivariate associations were assessed using the nonparametric Spearman rank correlation.
Logistic regression was used to identify measures that could discriminate patients who were
recovered at timepoint 2 (GOSE = 8), from those who were not (GOSE < 8). The area under
the receiver-operating-characteristic curve (AUC) assessed the performance of each imaging
measure at timepoint 1 as a predictor of recovery. All statistical tests were conducted at the
two-sided 5% significance level using SAS 9.4 software (SAS Institute, USA). pvalues are
reported without multiple comparison corrections due to the exploratory nature of this study.

Study population

Out of the 31 patients who signed informed consent, 22 contributed data at timepoint 1, 16
of which returned for a scan at timepoint 2. Reasons for exclusion or drop-out are shown

in Fig. 1. Table 1 details the demographic and injury characteristics of the patients used in
the analysis. The average time from injury at timepoint 1 was 24 + 10 (average * standard
deviation) days (range: 8-53), and 90 + 17 days (range: 82-142) at timepoint 2. Two
patients scanned at timepoint 1 declined a scan at timepoint 2, but responded to the outcome
questionnaires over the phone at 115 and 113 days after injury. Hemorrhagic diffuse axonal
injury and non-axonal shear patterns of hemorrhages were observed on qualitative MRI in
two patients.

Patient outcome assessments

Results of the outcome assessments are compiled in Table 2. RPQ data was analyzed
according to three classifications: (/) RPQ total score [21]; (7)) RPQ 3 and RPQ 13, which
groups early- and late-onset symptoms, respectively [33]; and (//i) three-factor model with
cognitive, somatic, and emotional subscales [34]. Concussion symptoms using all three RPQ
methods improved over time (all p < 0.05), as did the GOSE (p = 0.005). Two BTACT
subtests, namely word list recall (o= 0.005) and number series (p = 0.005), as well as

the composite BTACT z-score (p = 0.001) improved over time, indicating improvement of
memory and executive functioning.

Quantitative MRI measures at timepoint 1

Figure 3 shows example Ty, T, ADC, and FA maps next to qualitative images from a
patient and an age-matched control. In general, GM exhibited higher T, and T values than
WM, producing high gray-white matter contrast. Figure 4 shows the distributions of T,

To, ADC, and FA in all ROIs in patients and controls at timepoint 1. Numerical values are
provided in Table A.2 and A.3. FA in frontal WM was lower in mTBI compared to controls
(p=0.017). There were no statistically significant differences in T, and T, between patients
and controls at timepoint 1 (Table A.4).

Eur Radjol. Author manuscript; available in PMC 2023 June 28.
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Quantitative MRI measures at timepoint 2 and changes compared to timepoint 1

At timepoint 2, ADC and T in caudate and in global cortical GM were lower in mTBI
compared to controls (all p< 0.05) (Table A.4). Statistically significant within-subject
changes (value at timepoint 2 minus the value at timepoint 1, A 2-1) in MRI measures
among patients who provided data at both timepoints are compiled in Table 3. FA in the
body of the corpus callosum, corona radiata, thalamus, and global cortical GM dropped over
time, while the T in the pallidum increased (all p< 0.05).

Cross-sectional relationships between MRI measures and patient outcome

All statistically significant correlations are presented in Tables A.5 and A.6, while a
graphical summary of those for MRF is shown in Fig. 5.

At timepoint 1, the number of correlations and their average strength were similar amongst
all MRI metrics (Table A.5). At timepoint 2, T1 showed the largest number of correlations,
but their average strength was comparable to that of DTI (Table A.6). All MRI measures
showed higher number, and stronger correlations with clinical outcome at timepoint 2, than
at timepoint 1 (Table A.5 vs A.6).

While there was the same amount of T, correlations at both timepoints, there were almost
eight times more correlations for T4 at timepoint 2, compared to timepoint 1 (Fig. 5a).

T, and T, correlated with the RPQ at both timepoints, and with the GOSE only at the
second timepoint. Correlations with the BTACT were detected with T at timepoint 1,
and with T at timepoint 2 (Fig. 5a). Apart from RPQ at timepoint 1, the directionality

of these associations was consistent (Fig. 5b). Both relaxation times showed stronger
associations with clinical measures at timepoint 2 than at timepoint 1 (Fig. 5¢). The
strongest associations (7> |0.7]) were between genu T4 and RPQ (Table A.6).

Predictive relationships between MRI measures and patient clinical outcome

The statistically significant correlations between MRI values at timepoint 1 and clinical
outcome at timepoint 2, as well as those between the longitudinal change in MRI values (A
2-1) and clinical outcome at timepoint 2, are compiled in Table A.7. A graphical summary
of the MRF correlations is shown in Fig. 5.

There were six times more correlations between T4 at timepoint 1 and clinical outcomes at
timepoint 2, than between T at timepoint 1 and clinical outcomes at timepoint 2 (Fig. 5a).
The longitudinal change in T, showed two times more correlations with clinical outcome
at timepoint 2, compared to the longitudinal change in T, (Fig. 5a). Correlations with RPQ
were dominant in the comparisons between the longitudinal change of relaxation times and
clinical outcome at timepoint 2, while correlations with the BTACT were dominant in the
comparisons between relaxation times at timepoint 1 and clinical outcome at timepoint 2
(Fig. 5a). The directionality of these associations was consistent: positive for RPQ and
BTACT, and negative for GOSE (Fig. 5b). As shown in Fig. 5c, predictive relationships
between MRF and clinical outcome were stronger for T;.

Eur Radjol. Author manuscript; available in PMC 2023 June 28.
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T4 showed the largest number of both types of correlations, and their average strength across
all outcome measures was always higher than that of DTI (Table A.7). Out of the four
strongest associations of any metric three were for genu T4 (Fig. 6).

Patients were dichotomized according to their GOSE at timepoint 2 to recovered (1= 8) or
non-recovered (/7= 11). As shown in Table 4, the following measures obtained at timepoint
1 were found to be good discriminators (defined as AUC > 0.80) between recovered and
non-recovered individuals at timepoint 2: T4 of the corona radiata, posterior WM, and
splenium, as well as ADC of the corona radiata. The change from timepoint 1 to timepoint
2 as a predictor of recovery at timepoint 2 was a good discriminator for the T, of the frontal
WM and the genu.

Discussion

Pre-clinical and limited human data suggest that quantification of relaxation times is a
promising marker for TBI pathology and clinical outcomes. Here we evaluated the potential
of quantitative T1 and T to predict patient outcome following mTBI. The major findings
were as follows. MRF differences between patients and controls were absent at timepoint

1 and were limited at timepoint 2 to two regions of abnormal T,. DTI differences were
found at the same frequency at timepoint 2 (two regions with abnormal ADC), while at
timepoint 1, one region showed a difference in FA. The cross-sectional correlations of T,
and T» with clinical outcome were similar in number and strength to those observed with
DTI. However, both T, at timepoint 1 and the serial change in Tq revealed more and stronger
predictive correlations with clinical outcome 3 months after injury than did T,, ADC, or

FA. Moreover, T, of five regions enabled the identification of non-recovered patients at the
follow-up visit with AUC > 0.80. ADC showed one association in the same AUC range,
while T, and FA showed none. There are three notable aspects of these predictive properties.
First, they arose from T values, while T, performed on par with DTI. Second, higher

or serially increasing relaxation times were consistently linked to worse global functional
(GOSE) and symptomatology (RPQ) outcome; the association of relaxation times with
neuropsychological testing (BTACT) scores was clear only for T4, with low values linked

to a worse score. Third, the prediction was largely related to relaxation times originating
from WM, as expected given the putative effects of diffuse axonal injury in post-concussive
symptomatology. T, of the genu showed some of the strongest cross-sectional and predictive
correlations with RPQ and BTACT, and a high AUC for the GOSE-defined outcome.

Our focus on the relaxation properties of water stems from previous work showing that

they can be affected by cytoskeletal damage, inflammation, and edema [35, 36]. T1 and T»
relaxation depend on the concentration of macromolecules and the level of binding between
them and water. Specifically, water protons in the vicinity of macromolecules have short T
and T, [37]. Previous pre-clinical studies [10-12] reported elevated T,, which was explained
by vasogenic edema. In addition, elevated T1p and T, following resolution of edema

were predictive of long-term outcome, possibly due to progressive neuronal loss [11]. The
two previous investigations in human TBI also reported elevated T,, including in normal-
appearing WM [13, 14]. Our study did not find conclusive evidence for altered relaxation
times in normal-appearing tissue, but our cohort consisted only of mTBI patients, while the

Eur Radjol. Author manuscript; available in PMC 2023 June 28.
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previous studies consisted of mostly moderate and severe TBI [13, 14]. Importantly, while
the prior literature reports change exclusively in T, we found stronger correlations with
clinical outcome for T4. The directionality of these associations was consistent, with higher,
or increasing values associated with worse outcome in symptoms and global functioning,
and lower values associated with worse neuropsychological testing scores. The question
therefore arises, whether, similarly to FA, higher and lower relaxation values reflect different
pathologies, which in turn can be linked to different functional domains. Conjecturing any
further based on our data, however, including as to what biological processes higher and
lower values may represent, is speculative, especially given the lack of convincing evidence
that relaxation times are altered compared to controls.

The results must be viewed in the context of the following limitations. First, multiple
comparison corrections were not performed. Due to the lack of previous relaxation time
studies in mTBI, this project qualified as exploratory, and therefore, we aimed to uncover
the most true findings, with the understanding that type | errors were not controlled, and
the results require replication. We therefore report on overall trends and avoid giving
disproportionate weight to individual findings. Our statistical approach, however, may not
be appropriate for DTI, given the vast body of prior literature. Therefore, we use the

DTI results solely for comparison to MRF and refrain from comparing them to past DTI
studies. Second, DTI did not show widespread changes, and only two patients had findings
on qualitative MR images. It is possible that MRF shows better utility in differentiating
controls from patients who show more macro- and micro-structural injury. Third, SWI at

7 T would be better suited to answer the question of whether relaxation times are related

to subtle micro-bleeds, which are more readily identified at ultra-high field [38, 39]. As
more 7 T systems become available for clinical use, quantitative MR modalities, such as
MREF, should also be utilized in TBI to test whether they show increased sensitivity. Fourth,
scanning occurred within a wide range of time around the 1- and 3-month timepoints. The
pathological process post-TBI is dynamic [40], which could have potentially decreased the
sensitivity of MRF and DTI. Finally, the findings of this study should be interpreted in the
context of the study design, the patient population, and the limited sample size. The findings
that MRF is prognostically better than DTI needs further validation on a larger population.

Conclusion

MRF-based relaxometry, which enables collection of water relaxation times within clinical
scan timeframes, revealed no widespread differences in T, and T, between patients and
controls at 1 and at 3 months post-mTBI. However, WM T at 1 month and the change

of WM T, from 1 to 3 months were linked to clinical and neurocognitive impairments

at 3 months after injury. These correlations were stronger than those for T, and stronger
than those for FA and ADC from DTI and motivate studies to determine whether MRF can
provide a differential increase in prognostic accuracy beyond qualitative MRI and DTI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

BTACT Brief Test of Adult Cognition by Telephone

DTI Diffusion tensor imaging

GM Gray matter

GOSE Glasgow outcome scale — extended

MRF Magnetic resonance fingerprinting

mTBI Mild traumatic brain injury

RPQ Rivermead post-concussion symptoms questionnaire
T Longitudinal relaxation times

Ty Transverse relaxation times

WM White matter
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Key Points

In a region-of-interest approach, FA, ADC, and Tq and T all showed limited
utility in differentiating patients from controls at an average of 24 and 90 days
post-mild traumatic brain injury.

T4 at 24 days, and the serial change in T4, revealed more and stronger
predictive correlations with clinical outcome at 90 days than did T,, ADC, or
FA.

T4 showed better prospective identification of non-recovered patients at 90
days than ADC, T, and FA.
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4 mTBI patients excluded due to claustrophobia
— | (n = 2), microangiopathy (n = 1), and previous
head injuries (n=1)

Included patients with mTBI
ne=27

v

3 mTBI patients: no MRF acquired

2 mTBI patients: MRF data
excluded due to strong movement

Timepoint 1: analysed MRF data
n=22

v

2 mTBI patients: dropped out for MRI exam

Y

9 mTBI patients: dropped out of entire study

Timepoint 2: analysed MRF data
n=16

Fig. 1.
Flow diagram of study enrollment. From the initial 31 enrolled patients, four were excluded

prior to data acquisition, and five were excluded due to strong movement or missing data,
resulting in 22 MRF data sets at timepoint 1. At timepoint 2, two patients declined the MR
exam but completed the outcome assessments, and nine patients dropped out of the entire
study. mTBI, mild traumatic brain injury; MRF, magnetic resonance fingerprinting

Eur Radiol. Author manuscript; available in PMC 2023 June 28.
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White Matter (WM) Regions
B Global WM

Corona radiata (CR)
Frontal WM (FWM)
B Posterior WM (PWM)

B Body of corpus callosum
(BCC)

B Genu of corpus callosum
(GCC)

Splenium of corpus callosum
(SCC)

Grey Matter (GM) Regions
Cortical GM
Caudate (CA)
B Putamen (PU)
Pallidum (PA)
Thalamus (TH)

Regional analysis of the gray and white matter. T,-weighted axial MPRAGE images
overlaid with the 12 ROIs in which T4, Ty, FA, and ADC were quantified. Four GM
structures (Thalamus, Caudate, Putamen, and Pallidum), global WM, and cortical GM were
automatically segmented using FreeSurfer. Six WM regions (Frontal WM, Posterior WM,
Corona Radiata, Body of Corpus Callosum, Splenium of Corpus Callosum, and Genu of
Corpus Callosum) were manually outlined. The cortical GM and thalamus masks shown
have been eroded by one voxel (to reduce CSF contributions)
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b) control

e
1 ;O

Fig. 3.
Examples of qualitative and quantitative images from a patient with mTBI and a matched

control. Fluid-attenuation inversion recovery (FLAIR) and susceptibility-weighted images
(SWI1) as well as T1, T2, ADC, and FA maps from a 34-year-old female patient (a) at
timepoint 1 and a 30-year-old female (b) control. Note the stark T and T, difference
between gray and white matter
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Fig. 4.

+

=

WM

- -
-

Ty, T1, ADC, and FA distributions in mTBI (7= 19) and controls (7= 18) (CTL) at
timepoint 1. As in the statistical analysis, the boxplots exclude the three non-age-matched
patients. Note that T1 and T, in mTBI did not differ from controls for any region. Compared
to controls, FA in patients was lower in the frontal white matter (Mann-Whitney test, p <
0.05). The middle line in the boxes depicts the median value, and the boxes’ top and bottom
edges the 25t and 75! percentiles of the data, respectively. The whiskers extend to the most
extreme data points not considering outliers (95% of data), which are depicted by a plus
sign. BCC body of corpus callosum, SCC splenium of the corpus callosum, GCC genu of
the corpus callosum, FWM frontal white matter, PWM posterior white matter, CR corona
radiata, CA caudate, PA pallidum, PU putamen, TH thalamus
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Frequency of correlations b) Spearman correlations r (p value < 0.05) c) Spearman correlations |
4 . 1c (p value < 0.05)
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Clinic1 Clinic2 gyipic 2 vs Clinic 2 Clinic 1 Clinic 2 Clinic 2 Vs Clinic 2

Fig. 5.

Frequency (a), directionality (b), and strength (c) of the correlations between T, and T,
with patient outcome at timepoints 1 and 2. Shown are the statistically significant (p < 0.05)
T, and T, Spearman correlations with subtests and/or total scores of the three assessments
(RPQ, BTACT, GOSE): cross-sectional associations at timepoint 1 (MRI 1 vs clinic 1) and
timepoint 2 (MRI 2 vs clinic 2); and predictive associations for clinical outcome at timepoint
2 of MRI at visit 1 (MRI 1 vs clinic 2), and the change in T1 and T, from timepoint 1 to
timepoint 2 (A 2-1) (MRI A 2-1 vs clinic 2). The associations in (a) are plotted with (b)

the correlation coefficient (/) and (c) the absolute value of the correlation coefficient (|A)

on the y axis. Note that, in general, (/) T1 shows a higher frequency of correlations with
clinical outcome, compared to Ty; (/i) these correlations are positive for RPQ and BTACT,
and negative for GOSE; and (///) they are stronger than those seen for T,
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Fig. 6.

Highest predictive correlations with patient outcome at timepoint 2. (a) The two highest
Spearman correlations 7 (shown with their p-values) for the association at timepoint 1

with clinical outcomes at timepoint 2 were found for T4. (b) The two highest Spearman
correlations r(shown with their p-values) for the association of the change from timepoint
1 to timepoint 2 with clinical outcomes at timepoint 2 were also found for T,. Note that: (/)
T, at timepoint 1 correlates strongly with BTACT, while changes in T; from timepoint 1 to
timepoint 2 correlate strongly with RPQ; (//) three of the correlations are for genu T1. CC
corpus callosum
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