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Abstract

Background and Purpose: Injury to the corticospinal tract (CST) has been shown to have a
major effect on upper extremity motor recovery after stroke. This study aimed to examine how
well CST injury, measured from neuroimaging acquired during the acute stroke workup, predicts
upper extremity motor recovery.

Methods: Patients with upper extremity weakness after ischemic stroke were assessed using the
upper extremity Fugl-Meyer (FM) during the acute stroke hospitalization and again at 3-month
follow-up. CST injury was quantified and compared, using four different methods, from images
obtained as part of the stroke standard-of-care workup. Logistic and linear regression were
performed using CST injury to predict AFM. Injury to primary motor and premotor cortices were
included as potential modifiers of the effect of CST injury on recovery.

Results: N = 48 patients were enrolled 4.2 + 2.7 days post-stroke and completed 3-month follow-
up (median 90-day modified Rankin Scale 3, IQR 1.5). CST injury distinguished patients who
reached their recovery potential (as predicted from initial impairment) from those who did not,
with area under the curve (AUC) values ranging from 0.70 to 0.8. In addition, CST injury
explained ~20% of the variance in the magnitude of upper extremity recovery, even after
controlling for the severity of initial impairment. Results were consistent when comparing four
different methods of measuring CST injury. Extent of injury to primary motor and premotor
cortices did not significantly influence the predictive value that CST injury had for recovery.

Conclusions: Structural injury to the CST, as estimated from standard-of-care imaging available
during the acute stroke hospitalization, is a robust way to distinguish patients who achieve their
predicted recovery potential and explains a significant amount of the variance in post-stroke upper
extremity motor recovery.

Keywords

Recovery; Rehabilitation; Stroke Motor Recovery; Neurorehabilitation; Corticospinal Tract;
Neuroimaging

SUBJECT TERMS
Ischemic Stroke; Imaging

INTRODUCTION

Upper extremity motor impairment is the most common source of disability after stroke,
with the majority of spontaneous recovery occurring during the first three months.2: 3 Prior
studies have shown that for most patients, the magnitude of arm motor recovery is directly
proportional to the severity of initial impairment.#-8 Currently, however, even experienced
clinicians find it difficult to predict recovery.” Being able to accurately predict recovery
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early after stroke has the potential to inform patient-specific recovery potential, guide
rehabilitation strategies including discharge destination, and stratify patients into recovery-
focused clinical trials.8-10

The corticospinal tract (CST) is an important pathway for voluntary dexterous upper
extremity movement as well as for upper extremity motor recovery.!! Structural and
functional measures of integrity of the CST—specifically the presence of motor evoked
potentials (MEPs) induced by transcranial magnetic stimulation (TMS)12 and fractional
anisotropy values derived from diffusion tensor imaging (DT1)!3 1*—have been used to
predict motor recovery after stroke!® 16, but these methods require dedicated research
imaging methods?’ and are currently not widely clinically available equipment.1® Methods
that use common clinical imaging®?, without the necessity for dedicated additional scanning
or specific equipment, have the substantial potential benefit of being readily and widely
applicable early after stroke, across different clinical sites, and large numbers of patients.

Prior studies that have calculated structural injury to the CST using clinically available
imaging after stroke have employed heterogeneous methods.19-23 The general approach
requires a CST template, individual stroke lesion maps, and a method for calculating the
overlap between the two, but the templates used and methods of overlap vary substantially.
No study has yet systematically compared different methods for estimating CST injury from
acute stroke imaging with the goal of predicting spontaneous upper extremity motor
recovery. Analysis of clinically available imaging also enables quantification of injury to
other brain areas beyond the CST known to be important for motor recovery after stroke, for
example the primary motor cortex (M1) and premotor cortex (PM).21: 24-26 Studies to date
have not yet quantified the relative contribution of CST, PM and M1, and the interactions
among them to predict spontaneous or therapy-related motor recovery after stroke.

The primary aim of this study was to examine how well CST injury predicts upper extremity
motor recovery using neuroimaging acquired during the acute stroke workup. Our
hypothesis was that CST injury estimated from acute stroke images has significant predictive
value for upper extremity motor recovery. Secondary aims included (1) comparing
prediction performance of four different CST injury methods, and (2) assessing the effect of
PM and M1 injury on arm recovery.

METHODS

The data and analysis code that support the findings of this study are available from the
corresponding author upon reasonable request.

Subject Recruitment

Patients were recruited from an ongoing, prospective, single-center natural history study of
recovery of upper extremity weakness after stroke, the Stroke Motor Recovery and
Rehabilitation Study (SMaHRT, http://www.clinicaltrials.gov, ). From June 2017 to
December 2018, eligible stroke patients with upper extremity weakness were screened from
the Massachusetts General Hospital inpatient stroke service (detailed inclusion/exclusion in
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Supplemental Methods). All participants in the study provided written informed consent.
The Institutional Review Board at Partners Healthcare approved the study.

Research Testing and Outcome Measures

Baseline information on age, gender, ethnicity, handedness, affected arm, premorbid
disability, NIH stroke scale (NIHSS), prior stroke, treatment status with respect to tissue
plasminogen activator (tPA) or endovascular therapy (1A therapy), and infarct location were
recorded for all participants at the time of enrollment. At follow-up, the presence of post-
stroke depression (defined by Patient Health Questionnaire score > 427), whether patients
were taking anti-depressants (fluoxetine, other selective serotonin reuptake inhibitor, SSRI,
or other non-SSRI antidepressant), and 90-day modified Rankin Scale (mRS) were recorded.
Participants were assessed with standard rehabilitation outcome measures including the
upper extremity Fugl-Meyer (FM)28 29 during the acute stroke hospitalization (FMip;;) and
again at 3-month follow-up (FM3m). Trained occupational therapists and researchers
performed the upper-extremity FM evaluation, a reliable and validated measure of motor
impairment after stroke. Assessors who collected outcome measures were not involved in
treating patients. Each patient participated in standard therapy between study enrollment and
3-month follow-up.

Image Processing and Lesion Mapping

Stroke topography was determined using MRI DWI images obtained as part of the standard-
of-care acute stroke inpatient workup. In the case of multiple MRIs performed during the
acute stroke hospitalization, preference was given to scans closest to the inpatient research
assessment date. In one case, MRI imaging was clinically contra-indicated and the patient’s
CT scan was used. Methods for normalizing brain images to templates based on mixed CT
and MRI modalities are well-established.3? Lesions were manually traced on DWI/ADC
volumes using FSL (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki) by research staff (AC and FG) and
independently verified by two board-certified neurologists (DJL and SBS). This manual
segmentation process takes approximately 20—30 minutes to perform depending on the size
and complexity of the lesion, plus a few minutes to run scripts for spatial transformation and
metric extraction (see Supplemental Methods for further details). Figure 1a shows the lesion
overlap maps for the participants in this study.

Corticospinal Tract Injury

Two separate canonical M1-CST (unilateral M1 seed region) templates were used in this
study (Figure 1b). One was generated at University of California Irvine (UCI) with 17
healthy, right-handed subjects using diffusion-weighted images obtained at 3T as previously
described.24 The other M1-CST tract was from the Johns Hopkins University (JHU) white-
matter tractography atlas,3! which averages the deterministic tractography of 28 healthy
subjects and is available as part of the FSL software package. Note that the JHU tract
traverses down to the level of the medulla while the caudal aspect of the UCI tract ends at
the mid-pons. CST tracts from unilateral premotor seed regions, specifically dorsal premotor
(PMd) and ventral premotor (PMv) cortices, were also included (Figure 1¢). PMd- and PMv-
CST tracts were generated from 12 healthy right-handed subjects with tractographic
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methods for generating probability pathways connecting PMd and PMv to cerebral peduncle
as described previously?4.

For each CST template, four different and previously published methods for estimating CST
injury were implemented (Figure 2). In the first method, CST injury was calculated on the
transverse slice of the CST with greatest lesion overlap.2! In the second and third methods,
raw- and weighted- CST lesion loads, respectively, were calculated as previously described.
23 In the final method, each CST was divided into 16 longitudinal subsections aimed at
modeling the trajectory of groups of axons. The extent of injury to each subsection was
quantified by measuring the volume of overlap between that subsection and the stroke mask.
We then used the previously applied threshold of 5% overlap to designate the subsection
injured by the stroke and, furthermore, determined the percentage of subsections injured by
the stroke.24 All CST injury methods were implemented in MATLAB (Mathworks Inc,
Natick, MA).

Injury to Primary Motor and Premotor Cortices

Templates of the primary motor cortex (M1) and premotor cortex (PM), which includes
dorsal and ventral premotor cortices (PMd and PMv), (Figure 1d) were obtained from the
Julich Histological Atlas3? available as part of the FSL software package. These templates
were binarized. Injury to M1 and PM were quantified by calculating the volume overlap
between the respective binarized template and stroke masks. Given that M1 and PM injury
were tightly correlated (Pearson’s R = 0.9), M1 and PM were treated as a single region-of-
interest, M1-PM.

Statistical Analysis

Recovery was defined as change in FM between initial testing and 3-month follow-up:

AFM M FM

Actual = " V'3mo ' Init

The potential for recovery was the difference between initial FM and the maximum possible
FM score:

AFM 66 — FM

Potential ~ °° ~ * ¥ Init

Methods for distinguishing proportional from limited recoverers have previously been
described*-6 and are detailed in Supplemental Methods.

The Kolmogorov—Smirnov test (KS test) was used for unadjusted comparison of the
performance of different CST injury methods in their ability to distinguish proportional from
limited recoverers. Adjusted comparison controlled for lesion volume using multivariate
logistic regression. To understand the effect of clinical characteristics including age,
handedness, affected arm, depression, antidepressant use, premorbid disability, acute stroke
treatment, prior stroke, stroke location, and subscales of the NIHSS (aphasia, neglect,
sensory deficit) on recoverer status (proportional vs. limited recovery), KS, Fisher’s exact,

Stroke. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Linetal.

RESULTS

Page 6

and chi-squared tests were performed for continuous and ordinal, dichotomous, and nominal
values respectively.

To further understand the ability of different CST injury methods to explain recovery, each
individual’s FM change was normalized by their potential for recovery to determine their
realized recovery:

AF FM 1/AFM

MRealized =4 Actual Potential

This measure varies from 0 to 1 and accounts for initial injury. The rationale for this
normalization is that an individual who starts at an FMj; of 58 and recovers to 64 at 3
months would be hypothesized to have a different (i.e. much smaller burden of) CST injury
from an individual who starts at an FM,;; of 4 and recovers to 10. Note that normalizing
recovery in this way accounts for the proportional recovery model assumption that initial
injury explains the vast amount of variance in change. We performed Pearson’s correlation
and calculated the R? between values for each CST injury method and realized FM recovery.

Finally, to understand the influence of cortical injury on the relationship between CST injury
and recovery, hierarchical linear regression including CST injury, M1-pM injury, and the
interaction term was performed. Statistical analyses were performed in MATLAB
(Mathworks, Natick, MA).

Study Subjects

A total of 65 patients with upper extremity weakness after ischemic stroke consented for this
study and had initial research measures collected during their acute stroke hospitalization. N
= 48 participants completed their 90-day research follow-up at the time of this analysis.
Reasons for not completing the 90-day research follow up included death (4), recurrent
stroke (4), lost to follow-up (6), study withdrawal (1), and inability to complete follow-up
research assessments because of time (1) and pain (1). Participants were assessed within 4.2
+ 2.7 (mean * standard deviation) days and again 85.4 + 7.3 days after stroke onset.
Baseline and stroke characteristics are summarized in Table 1 and provided for individual
participants in Supplemental Table I.

CST Injury Methods Distinguish Proportional Spontaneous Recoverers from Limited

Recoverers

There were 31 proportional recoverers and 17 limited recoverers (Figure 3). The group of
limited recoverers on averaged started with initially severe arm impairment (FM < 22) and
experienced a median of 10% of their potential for FM recovery, in contrast to the group of
proportional recoverers who on average started with FM >= 22 and realized a median of
86% of their arm recovery potential (p < 0.001). Four methods (max area overlap, raw
lesion-load, weighted lesion-load, and 16-Div, 5% injury) for estimating CST injury from
neuroimaging acquired during the acute stroke workup were compared for their ability to
distinguish proportional recoverers from limited recoverers. First, there was high correlation
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between the four methods’ injury values, across all canonical CST tracts (UCI M1-CST,
JHU M1-CST, PMd-CST, PMv-CST) (Supplemental Table I1). CST injury, regardless of
method, tract, or seed region used, separated proportional from limited recoverers. This was
true whether using unadjusted models or adjusted models that incorporated lesion volume
(Table 2). Receiver operating characteristic (ROC) analysis (Supplemental Figure Il and
Supplemental Table I11) showed that area under the curve (AUC) values for all four CST
injury methods for distinguishing limited from proportional recoverers ranged from 0.70 to
0.8, indicating good discrimination ability.33 Note that AUC values for M1-CST tracts
showed slightly better discriminatory ability (0.75 — 0.8, Supplemental Table 111 top) than
AUC values for PMd-CST and PMv-CST tracts (0.70 — 0.75, Supplemental Table 111
bottom). In contrast to all CST injury methods, clinical characteristics including post-stroke
depression, antidepressant use, presence of prior stroke, and presence of aphasia or neglect
were not significantly related to recoverer-status (Table 1).

CST Injury Explains ~20% of Individual Variance in Spontaneous Motor Recovery

Next we sought to extend these findings regarding proportional versus limited recovery to
understanding how CST injury explains variance in /ndividual recovery. Realized recovery
(a measure of recovery adjusted for extent of possible recovery) was examined in relation to
CST injury values generated using each of the CST injury methods. M1-CST injury, across
each method and both canonical M1-CST tracts, was related to realized recovery across all
subjects with R2 values ranging from 0.18 to 0.25 (Figure 4 A,B, all p < 0.01). PMd- and
PMv- CST injury, across each method, though still significant, had less strong relationships
with realized recovery with R2 values ranging from 0.08 to 0.20 (Figure 4 C,D, all p < 0.05).
Structural injury to the CST significantly explains ~20% of the variance in upper extremity
motor recovery even after adjusting for initial motor deficits.

Adding Measures of Motor and Premotor Cortex Injury Does Not Affect the Relationship
between CST Injury and Recovery

A total of 21 patients sustained injury to M1-pM while 27 had no injury. In contrast to CST
injury, total amount of injury to M1-pM did not separate proportional from limited recovery
in both unadjusted (p = 0.54) and adjusted (P = 0.17) models. Total amount of M1-pM injury
also did not significantly explain variance in realized recovery (R? = 0.1, P = 0.08).

We chose the cross-sectional overlap method on the JHU tract as our primary CST injury
method because it achieved the greatest R? and could be performed in all patients in the
cohort including those with stroke lesions below the level of the mid-pons. In a hierarchical
linear regression analysis (Supplemental Table V), CST injury explained 24.8% of the
variance in realized recovery (Model 1) and addition of M1-pM injury did not significantly
change the R2 (Model 2). Model 3 included CST injury, M1-pM injury, and their interaction
term to determine whether the presence of M1-pM injury moderated the relationship
between CST and realized recovery. Although the slope of the interaction term was negative,
suggesting that there was a trend toward M1-pM injury reinforcing the effect of CST injury
on recovery, the interaction term was not significant. The results of Models 2 and 3 were
unchanged whether we included amount of M1-pM injury as a binary or continuous
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variable. Furthermore, structural injury to M1-pM did not significantly moderate the
relationship between CST injury and realized recovery.

DISCUSSION

The main findings in this study were (1) extent of CST injury distinguishes proportional
recoverers from limited recoverers, (2) CST injury explained ~20% of variance in the
magnitude of upper extremity recovery, even after adjusting for initial motor deficits, and (3)
injury to primary motor and premotor cortices did not significantly influence the predictive
value that CST injury had on arm motor recovery. Importantly, these motor system injury
measures were derived from neuroimages acquired as part of the acute stroke standard
evaluation. Together these findings suggest that acute imaging provides useful data for
predicting behavioral recovery after stroke.

Predicting the extent to which a patient will recover after stroke is useful for informing
clinical decision-making as well as for stratification in clinical trials.8-19 Some methods
proposed for predicting recovery after stroke require specialized research equipment or
imaging techniques that are accessible only in advanced research centers.34 The current
study therefore examined prediction of recovery using scans acquired as part of standard of
care. We found that CST injury distinguished patients who achieved their predicted recovery
from those who did not, regardless of method implemented or tract used. CST injury also
significantly explained ~20% of variance in the magnitude of individual recovery. This
remained true after controlling for the severity of initial arm impairment.

Significant agreement was found between four different methods for estimating CST injury
from acute stroke imaging, including raw- and weighted- lesion load. This suggests that
these methods are relatively precise and that clinicians and investigators can likely pick their
method and template of choice for estimating CST injury from acute stroke images. One
prior study also employed a similar approach, using raw- and weighted- CST lesion load
derived from acute stroke imaging to predict upper extremity motor impairment outcomes at
3 months, and found that weighted-lesion load performed best for prediction in their
cohort®. CST templates from primary motor as compared to premotor cortex allowed for
better recovery prediction suggesting that the specificity of the cortical seed region is
important for CST-related motor recovery.

Structural injury to primary motor and premotor cortices themselves did not significantly
influence the relationship between CST injury and recovery. The relationship, however, was
in the expected direction — M1-PM injury reinforced the negative effect of CST injury on
recovery. The lack of significance may have been a reflection of the sample size (n = 48) in
this single-site study. Furthermore, standard template-based imaging assignments of cortical
regions of interest may not precisely align with classical neuroanatomy or functional
neurophysiology. To this end, the application of more recent approaches to cortical
parcellation3> may prove useful for understanding recovery after stroke.

The current methods set the stage to employ clinical standard-of-care stroke imaging to
predict a patient’s extent of recovery after stroke. Measuring injury to a single white matter
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tract using acute stroke imaging significantly predicts recovery, but significant variance
remains unexplained—there were cases in which proportional recoverers had substantial
CST injury and limited recoverers had modest injury, although separation between the two
groups was overall good with ROC AUC values of 0.7 — 0.8. Adding measures of neural
function, such as transcranial magnetic stimulation® 16 or EEG36 may improve the strength
of prediction but are not currently part of the standard of care acute stroke evaluation. Much
as neuroimaging guides decision-making in the context of reperfusion therapy decision-
making, the same images can inform decision-making in a recovery-focused context.

There are a number of limitations to this study. As compared to national statistics, our study
sample had a slightly younger mean age (65 in this study compared to 69 nationally3), had
slightly more men (52% in this study compared to 47% nationally38), and was highly
ethnically homogeneous (White) reflecting the patient population at our single center. Only
one motor outcome measure was used in this study, the upper extremity FM, which may not
reflect the complexity of motor and premotor system function. Including measures of
complex motor behaviors (such as apraxia) with specific relationships to cortical areas and
descending tracts may improve predictive ability. Similarly, including early and more
sophisticated (beyond NIHSS subscales) measures of co-factors that would be hypothesized
to influence motor recovery such as cognition, aphasia, neglect, sensation, handedness, and
dominant/non-dominant hemisphere of stroke injury would likely improve recovery
prediction. Finally, estimating the topography of stroke injury from acute stroke diffusion
images presents clear challenges. Our study relied on manual lesion segmentation, which is
inherently subjective but currently remains the gold standard. In addition, there are a number
of early stroke features that were not accounted for including post-stroke edema, which may
influence the neuroanatomic localization of the stroke lesion relative to motor/premotor
cortices or descending corticospinal tracts. Machine learning techniques applied to large
datasets of stroke images and rehabilitation outcome measures may be helpful for both
automating lesion segmentation and learning important imaging features3°.

SUMMARY / CONCLUSIONS

Structural injury to the CST estimated from standard-of-care imaging is a robust way to
distinguish patients who achieve their predicted recovery from those who do not, and
explains a substantial amount of variance in post-stroke upper extremity motor recovery.
These methods provide a scalable model for subsequent stroke recovery studies. Predictors
of stroke recovery have the potential to inform targeted development of stroke recovery
therapeutics, stratify patients in clinical trials, and personalize neurorehabilitation clinical
decision-making.40

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Stroke lesion overlap maps for the 48 participants. All lesions were flipped onto the left

hemisphere for display. Colorbar on the right with maximum value 22 (i.e. maximal overlap
voxel, red). (B) Primary motor cortex (M1) - Corticospinal tract (CST) templates
constructed using deterministic tractography methods. The light blue tract shows an M1-
CST from 17 healthy controls at University of California at Irvine (UCI). The green tract
shows an M1-CST from 28 health subjects at Johns Hopkins University (JHU). Note the
tracts are slightly offset and that the JHU tract traverses down to the level of the medulla
while the UCI tract stops at the level of the mid-pons. (C) Templates of dorsal premotor
(PMd, pink) and ventral premotor (PMv, red) CSTs. (D) Templates of primary motor (M1,
dark blue), and premotor (pM), yellow) cortices overlaid on the JHU CST template (green).
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Figure 2.
Different methods for estimating CST injury. There are a variety of methods for calculating

CST injury from a given stroke lesion and CST template. (A) One method uses area overlap
between the stroke lesion and binarized CST tract on the axial slice with maximal overlap.
Left panel shows coronal binarized CST tract, middle shows axial slice with maximal
overlap between stroke and CST, right shows zoomed overlap of stroke (red) and CST
template (blue). The # of voxels overlapped (red-blue overlay) are divided by the total # of
blue voxels. (B) In calculating 3D volume overlap between stroke (red) and CST (blue),
raw- and weighted- values are incorporated into CST weighting to account for the
probabilistic nature of the CST and narrowing of the CST at different points (i.e. the
posterior limb of the internal capsule). Left panel shows probabilistic nature of CST in a
coronal slice. Middle panel highlights the weighted nature of the tract with purple to light
blue colorbar. The horizontal lines indicate corresponding axial slices of the CST that are
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shown in the right panel. (C) Another method divides the CST into a number of rostral-
caudal strands (16 in this case) and calculates % injury to each strand. If any given strand is
lesioned by more than 5%, the strand is classified as injured. The right, middle, and left
panels show coronal, sagittal, and axial slices respectively with CST strands in different
colors (gray-blue gradient) and with stroke lesion shown in red.
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Figure 3.

Potential for UE-FM Recovery

Proportional and limited recoverers. (A) Upper extremity Fugl-Meyer (FM) recovery curves
between hospital admission and 3-month follow-up for 48 patients with stroke. Note that in
severe patients (FM it < 22) there is a group with limited recovery (dark gray lines). (B)
Potential for (66 — FMyip) versus actual (FM3zme — FMypi¢) recovery of upper extremity
impairment. The line (black-dashed) represents the amount of recovery as predicted by the
proportional recovery model (FMpyegicted = 0.7 X FMpgtential)- Limited recoverers (dark gray
squares) are distinguished from proportional recoverers by a model residual of greater than
10 from their 70% predicted recovery. The histogram inset shows the model residuals of
proportional recoverers (light gray) and limited recoverers (dark gray).
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Figure 4.
Scatter plots of realized recovery against all different CST injury method values for the (A)

UCI M1-CST, (B) JHU M1-CST (C) PMd-CST and (D) PMv-CST. Least-square fit lines
and corresponding R? correlation coefficients are shown in red.
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Participant characteristics. Statistics are presented as mean + ste, n (%), and median [IQR]. Kolmogorov-
Smirnov, Fisher’s exact, and chi-squared tests were performed for continuous (age, total NIHSS) and ordinal
(mRS), dichotomous (gender, dominant hand, affected arm, depression, prior stroke, acute stroke therapies,
and presence of aphasia, neglect, or sensory deficit), and nominal (ethnicity, antidepressant use, and stroke

location) values, respectively.

Table 1.

Total Sample | Proportional Recoverers | Limited Recoverers | p-value
n=48 n=31 n=17
Age 64.81 +1.67 65.61 + 1.59 63.35+3.77 0.73
Gender (Male) 25 (52.1) 19 (61.3) 6 (35.3) 0.13
Ethnicity
White 42 (87.5) 27 (87.1) 15 (88.2) 2= 060
Black 5 (10.4) 3(9.7) 2 (11.8) p=0.74
Hispanic 1(2.1) 1(3.2) 0
Dominant Hand (Right) 39 (81.3) 27 (87.1) 12 (70.6) 0.25
Affected Arm (Right) 23 (47.9) 17 (54.8) 6 (35.3) 0.24
Depression (Follow-up) 13(27.1) 7 (22.6) 6 (35.3) 0.5
Antidepressant Use
Fluoxetine 28 (58.3) 15 (48.4) 13 (76.5) =434
Other SSRI 5(10.4) 4(12.9) 1(5.9) p=023
Non-SSRI 6 (12.5) 4(12.9) 2(11.8)
Premorbid mRS * 0[1] 0[0.79] 0[2 0.14
Prior Stroke 9(18.8) 7(22.6) 2(11.8) 0.46
Acute Stroke Therapy
. 16 (33.3) 12 (38.7) 4 (23.5) 0.35
EVT’t 10 (20.8) 6(19.4) 4(23.5) 0.73
Stroke Location
MCA 37 (77.1) 25 (80.7) 12 (70.6)
PCA 2(4.2) 1(3.2) 1(5.8) 752501_-(?14
Brainstem 4(8.3) 3(9.7) 1(5.8)
Multifocal 5 (10.4) 2(6.5) 3(17.7)
Initial NIHSS 757 5 [3.75] 13 [7.25] <0.001
Aphasia 10 (20.8) 7(22.6) 3(17.7) 1
Neglect 13 (27.1) 5(16.1) 8 (47.1) 0.46
Sensory Deficit 21 (43.8) 12 (38.7) 9 (52.9) 0.34
Initial Fugl-Meyer 20.5 (48.5) 44 (34) 4 (3.5) <0.001
Fugl-Meyer 3 months 58 (46.5) 63 (7.5) 9 (14.25) <0.001
90-day mRS 3(1.5) 2(2) 4(1) <0.001

*
mRS = modified Rankin Scale
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+
tPA = tissue plasminogen activator

IEVT = endovascular therapy
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Page 20

Performance of different CST injury methods for distinguishing proportional from limited recoverers. Values
are presented as mean + se. Abbreviations for different CST injury methods: Max Area = maximum cross-

sectional area, RLL = raw lesion load, WLL = weighted lesion load, 16/5% = 16 divisions, 5% injury

threshold
CST Template | Injury Method CST Injury Value p p
Kstest)" | (adjusted) ¥
Proportional Limited
(n=31)" (n=17)"

UCI, M1 Max Area 0.47+£0.061 | 0.75+0.060 0.0080 0.017
UCI, M1 RLL (cc) 0.86 +0.14 2.0+0.35 0.0034 0.0042
UCI, M1 WLL (cc) 1.42 £0.22 3.26 + 0.56 0.0037 0.0058
UCI, M1 16/5% 0.44+£0.063 | 0.75+0.050 0.0067 0.013
JHU, M1 Max Area 0.36 £0.044 | 0.64+0.061 <0.001 0.0022
JHU, M1 RLL (cc) 0.26 +0.04 0.68 +0.12 <0.001 0.0037
JHU, M1 WLL (cc) 0.50 +0.08 1.23+0.21 0.0011 0.0037
JHU, M1 16/5% 0.21+0.038 | 0.47 +£0.080 0.0047 0.0056
PMmd Max Area 0.44+£0.048 | 0.66 = 0.060 0.0070 0.021
PMmd RLL (cc) 1.11+0.18 252+0.48 0.012 0.0034
PMmd WLL (cc) 1.77 £0.27 4.02 £0.69 0.0022 0.0020
PMmd 16/5% 0.39+0.057 | 0.65+0.084 0.015 0.022
PMv Max Area 0.42+0.060 | 0.68 +0.079 0.012 0.026
PMv RLL (cc) 0.64+0.13 1.51+0.36 0.017 0.0088
PMv WLL (cc) 1.18 £0.23 2.90+0.64 0.0053 0.0031
PMv 16/5% 0.37£0.060 | 0.63+0.085 0.025 0.026
Lesion Volume (cc) 35.0+10.3 53.6+16.2 0.14 -

*
Note that UCI template calculations could not be performed on 5/48 (3 proportional and 2 limited recoverers) because these participants had

injury that extended below the level of the mid-pons. JHU template calculations were performed on all 48 participants.

*, .
KS test = Kolmogorov-Smirnov test.

’tlogistic regression adjusted for lesion volume.
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