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Abstract

Background: In patients with mild ischemic stroke, small but eloquent infarcts may have
devastating effects, particularly on health-related quality of life.

Aim: This study investigates the association between acute infarct location and three-month
health-related quality of life in patients with mild ischemic stroke.

Methods: We evaluated consecutively enrolled patients from a single center between August
2012 and July 2013. Our primary outcome at three months was impairment in any health-related
quality of life domain (upper extremity, lower extremity, executive function, and general concerns)
defined by a T-score <45. We analyzed the association between acute infarct locations and
impaired health-related quality of life at three months in univariate and multivariable analysis.

Results: Among 229 patients (mean age 64.9 years, 55% male, 29.7% black, and median initial
NIHSS score 1), impaired health-related quality of life was noted in 84 (36.2%) patients at three
months. In univariate analysis, patients with subcortical infarcts (56.0% vs. 39.3%, p=0.02) and
brainstem infarcts (21.4% vs. 10.3%, p = 0.02) were more likely to have impaired health-related
quality of life. In multivariable analysis, patients with subcortical and/or brainstem infarcts had
increased odds of impaired health-related quality of life (adjusted OR 2.54, 95% CI 1.29-5.01, p=
0.01).
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Conclusions: After mild ischemic stroke, subcortical and brainstem infarct locations predict
impairment in health-related quality of life.
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Introduction

Mild ischemic strokes (MISs) account for the majority of strokes in the United States, with a
median National Institute of Health Stroke Scale (NIHSS) score of 3.1 Despite mild deficits
on presentation, disability and impairment in health-related quality of life (HRQOL) are
reported in 25% and 36% of MIS patients, respectively, at long-term follow-up.2 A critical
gap, however, exists in understanding the biologic mechanism of poor outcome following
MIS, thereby limiting the ability to predict which patients with MIS will develop impaired
HRQOL and disability.

Recently, we reported that acute infarct volume, a valuable biomarker in predicting
disability, was a poor predictor of HRQOL after acute ischemic stroke.3

Besides infarct volume, acute infarct location has been associated with disability after stroke
as measured by the modified Rankin Scale (mRS).# Only one prior study has evaluated
infarct location as it relates to HRQOL, but did not specifically target patients with M1S.2 In
patients with MIS, small but eloquent infarcts may have devastating effects. Therefore, we
sought to evaluate whether acute infarct location predicts three-month HRQOL in patients
with MIS. We hypothesized that specific infarct locations predict impaired HRQOL at three
months.

Subjects/materials and methods

Participants

The local Institutional Review Board approved the study. Consecutive patients = 18 years
with a confirmed acute ischemic stroke over a period of 12 months (1 August 2012 through
31 July 2013) were enrolled in a prospective registry. Written informed consent was
obtained from the patient or their legal representative. Patients with MIS were defined as
those with an initial NIHSS score <5 and MRI evidence of acute infarct as identified on
diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) images.5
Diagnosis was made by a board-certified vascular neurologist in each case. Consecutive
patients with the following criteria were included: (1) MIS as previously defined; (2)
absence of acute reperfusion treatment; (3) ability to walk independently at baseline; (4)
absence of recurrent stroke at three months; and (5) complete follow-up data at three months
(Figure 1). Reperfusion therapy was defined as receipt of intravenous or intra-arterial tissue
plasminogen activator and/or mechanical thrombectomy. Recurrent stroke during or after
hospitalization was recorded based on deterioration in NIHSS score with imaging
confirmation during hospitalization or based on a validated questionnaire of reported
symptoms of stroke and review of medical records for confirmation after hospitalization.
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Patients were also excluded if they died, were lost to follow-up, or had missing or
incomplete HRQOL scores at three months in more than two domains.

Patient data

Patient demographics, premorbid characteristics, insurance status, initial NIHSS, and risk
factors and comorbidities were collected prospectively. Board-certified vascular neurologists
prospectively reviewed clinical and radiographic data to determine Trial of Org 10172 in
Acute Stroke Treatment (TOAST) subtype by consensus adjudication to avoid inter-rater
reliability concerns.”

Image acquisition and acute infarct volume measurement

Images were acquired on MRI (Siemens Medical Systems, Erlangen, Germany) during
index hospitalization as standard of care. We used previous methodology to semi-
automatically determine acute infarct volume.3 In summary, pre-contrast images were
preferentially used if available, otherwise post-contrast T1 images were used (typical
sequence parameters: TR/TE 1500/45, 13-15 slices, in-plane resolution1.15 x 1.15 mm,
slice thickness 5 mm, FOV 22 cm, matrix 192 x 192, flip angle 30). DWI sequences (TR/TE
4000/88 ms, in-plane resolution 1.39 x 1.39 mm, slice thickness 5 mm, matrix 192 x 192)
were acquired at #-values of 0 s/mm? and 1000 s/mm? and ADC maps were generated in-
line on the scanner. After masking out all non-brain tissue using anatomic reference images,
we used a threshold approach to delineate the ischemic core.® To reduce the likelihood of
false positive infarcts, a minimum cluster size threshold of 0.145 mL was applied to arrive at
the infarct volumes.

Infarct location

Neuroimaging was reviewed by four trained investigators (SP, AJ, RS, and CL) for presence
of acute infarct(s) along with its location(s) and vascular territories, blinded to outcome data.
Infarct locations were determined using a validated neuroanatomical atlas, the IMAIOS
online anatomy atlas (http://www.imaios.com/es/e-Anatomy/Cabeza-ycuello/Cerebro-IRM-
de-cortes-axiales), and visually inspected by our trained investigators using consensus
adjudication.®

We grouped the infarct locations based on region of involvement: cortex (surface gray
matter), subcortex, thalamus, cerebellum, and brainstem (midbrain, pons, and medulla).
Subcortical structures were defined as all supratentorial, non-cortical gray matter structures
excluding the thalamus but including the basal ganglia and corona radiata. Infarcts were
coded for lateralization (left, right, or both).

Outcomes

Three-month outcomes were assessed using functional outcome scales and domain-specific
HRQOL scores using Neuro-QOL. Noting proxy answers when indicated, we obtained
follow-up mRS data by telephone interview, using a validated method for assessment.10 We
defined poor functional outcome as mRS >2. The following four domains of Neuro-QOL
were used: upper extremity function, lower extremity function, executive function, and
general concerns. Instrument results are expressed as T-scores normalized to general US
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population demographics with means of 50 and standard deviations (SDs) of 10 (additional
information available at www.neuroqol.org).! Patients were determined to have impaired
HRQOL if any of the domains had T scores <45, which is >0.5 SD from the normalized
population mean score, reported as a conservative minimal clinical important difference
estimate.5:12

Statistical analysis

Results

Data are expressed as number (percent), mean (SD), or median (range) as appropriate. We
calculated the proportions of patients with impaired HRQOL in any of the four Neuro-QOL
domains (primary outcome) and disability (defined by mRS >2; secondary outcome) by
infarct location groups. We assessed differences in baseline demographic, clinical, and
imaging variables among those with and without impaired HRQOL at three months using
Pearson’s Chi-square tests for categorical variables (Fisher’s exact test when appropriate)
and ttests for normally distributed continuous variables.

We used logistic regression models to evaluate the association between infarct locations
groups and HRQOL. In the univariate analyses, we evaluated each infarct location for
association with HRQOL. In the multivariable logistic regression models, we included
infarct locations that were associated with impaired HRQOL in the univariate analyses (o <
0.05) adjusting for other covariates. Based on the univariate results, we re-categorized infarct
locations as having or not having involvement of subcortical and/or brainstem regions. Odds
ratios (ORs) and 95% confidence intervals (Cls) were estimated for the association between
baseline variables and impaired HRQOL at three months. We performed analyses for each
domain of HRQOL, with impairment defined as T-score <45. Finally, we repeated the
analyses for the secondary outcome, disability at three months defined as mRS >1. All
statistical analyses were performed using SAS 9.4 (Cary, NC). Statistical significance was
considered p-value < 0.05 in final models.

Among 499 acute ischemic stroke patients, 229 (45.9%) patients with MIS were included for
analysis (Figure 1). Among these patients, the mean age was 64.9 years, 55% were male,
and 29.7% were black. Median initial NIHSS score was 1 and median infarct volume was
0.74 cc. There were 84 (36.7%) patients with impaired HRQOL at three months. The overall
mean (SD) of the Neuro-QOL domains was: upper extremity 51.24 (£5.82), lower extremity
49.18 (+8.20), executive function 53.27 (£6.96), and general concerns 55.19 (£5.90). There
was no difference in the baseline and clinical characteristics of patients with MIS excluded
from those included in the study (Supplemental Table 1).

On univariate analysis (Table 1), patients with impaired HRQOL at three months had a lower
percentage of private insurance (21.4% vs. 46.2%, p < 0.001) and current smoking (11.9%
vs. 23.4%, p=0.03) and higher initial NIHSS score (2 vs. 1, p< 0.001). Age, sex, race,
baseline mRS, medical comorbidities, and acute infarct volumes were similar between those
with and without impaired HRQOL. Those with impaired HRQOL were more likely to have
subcortical (56.0% vs. 39.3%, p= 0.02) and brainstem (21.4% vs. 10.3%, p= 0.02) infarct
locations and less likely to have cortical infarcts (53.6% vs. 66.7%, p = 0.05). The impaired
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HRQOL group also had more disability at three months (28.6% vs. 0.7%, p < 0.001), proxy
reporting (20.2% vs. 4.2%, p < 0.001), and received more rehabilitation after discharge
(65.5% vs. 24.1%, p < 0.001).

Table 2 describes the multivariable models for impaired HRQOL. Patients with subcortical
and/or brainstem infarcts had increased odds of impaired HRQOL (adjusted OR 2.54, 95%
Cl 1.29-5.01, p=0.01). Other factors that predicted impaired HRQOL included initial
NIHSS score (adjusted OR 1.49, 95% CI 1.04-2.14, p=0.03), private insurance (adjusted
OR 0.31, 95% CI 0.15-0.64, p< 0.001), and any rehabilitation post-hospitalization (adjusted
OR 4.21, 95% CI 2.15-8.21, p< 0.001). Patients with sub-cortical and/or brainstem infarcts
had impaired upper extremity HRQOL (adjusted OR 3.46, 95% CI 1.48-8.09, p= 0.004)
and lower extremity HRQOL (adjusted OR 2.52, 95% CI 1.07-5.95, p= 0.04). Those with
cortical infarcts only were more likely to have impaired general concerns in HRQOL (OR
6.25, ClI 1.19-33.33, p=0.03). Infarct location was not associated with executive function
domain of HRQOL in multivariable analysis.

For the secondary outcome (disability by mRS; Table 2), those with brainstem and/or
subcortical infarcts did not have a significantly increased likelihood of disability in
univariate (OR 1.69, 0.35-8.18 95% ClI, p= 0.52) or multivariable analysis (adjusted OR
1.46, 0.13-2.04 95% ClI, p=0.70). Significant predictors of disability at three months in the
multivariable analysis included: initial NIHSS (adjusted OR 1.67, 1.14-2.43 95% CI, p <
0.01), any rehabilitation (adjusted OR 19.71, 3.60-108.01 95% ClI, p < 0.01), and proxy-
reporting (adjusted OR 8.87, 2.42-32.56 95% CI, p< 0.01).

Discussion

In a prospective single-center urban cohort study of MIS patients, we observed that
subcortical and brainstem infarct locations were independently associated with impaired
HRQOL at three months. By domain of HRQOL, subcortical and brainstem infarct location
predicted worse motor, but not cognitive patient reported outcomes. Infarct location should
be considered in rehabilitation evaluation at time of index stroke despite mild deficits and
could be used to identify patients for targeted rehabilitation.

To our knowledge, this study is the first to evaluate the impact of acute infarct locations on
HRQOL in patients with MIS. A recent study of acute ischemic stroke patients, not limited
to MIS alone, found that infarcts in subcortical regions influence functional outcomes as
measured by the mRS after one month.# Others have also noted that acute infarct size and
location predict functional dependency at 90 days in patients with hemiplegic stroke.®
Predictors of HRQOL are different than the predictors of function because these are different
constructs. HRQOL is likely more correlated with socioeconomic status. Our results showed
that patients with private insurance were significantly less likely to have impaired HRQOL
but had similar mRS scores compared to patients with other insurance types.
Socioeconomic!? and insurancel4 status have both been shown to impact stroke mortality
and functional outcomes. These factors may impact pre-stroke care including delays in
presentation and treatment adherence prior to the stroke. Patients without insurance may also
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have limited access to follow-up visits for post-stroke care and be more likely to discontinue
secondary prevention medications.1®

There are several potential mechanisms, whereby patients with MIS develop disability and
impaired HRQOL despite initial mild deficits. After initial presentation, patients may
experience worsening through infarct growth, hemorrhage or edema formation, or recurrent
stroke. We excluded patients with recurrent strokes during or after hospitalization.
Alternatively, patients with MIS may present with unrecognized or underappreciated
deficits, which become apparent upon returning home. We hypothesize that subtle deficits,
due to subcortical and/or brainstem infarct locations evident on index imaging, worsen long-
term HRQOL after MIS. Patients with infratentorial and eloquent (e.g. corticospinal tracts)
subcortical infarcts can present with subtle findings including weakness, incoordination, and
swallowing difficulties that can significantly impact HRQOL but may not be detected using
functional measures such as the mRS, especially in patients with MIS. Further
discrimination of specific subcortical and brainstem structures such as the corticospinal tract
through diffusion tensor imaging may be helpful to define which specific locations affect
domain- specific outcomes using quantitative, objective measures of neurologic function
such as gait analysis.

We were unable to demonstrate an effect on infarct location on three-month disability using
the mRS. Functional measures and objective examination findings can fail to correlate with
neuroanatomical findings.16 The National Institute of Neurologic Disorders and Stroke
created the Neuro-QOL to address the need to understand HRQOL after neurologic injury.11
While HRQOL and mRS are correlated measures, there are some important differences. We
have previously demonstrated HRQOL impairments in patients without significant disability
on mRS.8 Floor and ceiling effects, especially in mild stroke patients, may make HRQOL
more sensitive than the mRS to identify small but clinically meaningful effects.}” HRQOL
can provide more context as to the reasoning for a patient’s impairments that are not
expressly captured in a disability measurement like the mRS such as inability to physically
walk versus difficulty running errands. Alternatively, we may have been underpowered with
our sample size to detect a significant effect on mRS. Our study could therefore be
underpowered to demonstrate differences in dichotomous mRS outcomes in a mild stroke
population. In addition, we excluded patients who died (mRS 6) after index hospitalization
since our primary outcome was HRQOL; though death within three months is not common
in patients with MIS, this may have biased our study against finding an effect of infarct
location on mRS.

We did not find an HRQOL difference by sex. Prior studies have shown that women have
worse functional outcomes after stroke than men.18 These differences have been attributed to
women being older at the time of initial stroke and increased pre-stroke disability.18 While
prior studies on sex and outcomes after stroke have focused on disability and functional
outcomes, our group has not observed differences between men and women in HRQOL after
stroke.3 Further work should be done to elucidate why sex impacts on functional outcomes
but HRQOL after stroke.
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Our study strengths include its prospective design, longitudinal follow-up at three months,
and adjudicated imaging analysis by trained investigators. There are, however, several
limitations. First, as a study from single urban academic medical center, our results may not
be generalizable to other settings and populations. Replication of our findings in multicenter
cohorts and different settings is needed. Second, HRQOL measures were collected only
post-stroke; we do not have pre-stroke or baseline HRQOL assessments to measure change
over time. Third, HRQOL assessments require participation from patients. If patients lose
interest, assessments are prone to inaccuracy. Fourth, we did not assess other HRQOL
domains such as fatigue or depression though these are less likely to have specific infarct
location-outcome relationships. Fifth, HRQOL likely impacted by a multitude of factors that
were not directly assessed including objective neurocognitive and psychosocial measures.

Conclusions

Acute infarct location predicts impairment in HRQOL outcomes in patients with MIS.
Subcortical and brainstem infarcts were independently associated with impaired HRQOL.
Future studies should consider the potential of imaging techniques such as diffusion tensor
imaging to further elucidate which locations impact HRQOL and disability after MIS.
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All suspected ischemic stroke or
TIA admissions

(n=621)

l—»

Consented stroke patients

(n=499)

l—»

Patients with mild ischemic stroke

(n=245)

D

Patients with 3-month HRQOL
at follow-up

(n=229)

Figure 1.
Flowchart for study inclusion.
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Excluded from registry (n=122):

Primary diagnosis not IS or TIA (32)
Died or hospice care during index
hospitalization (n=40)

Refused consent (n=25)
Non-English speaker, unable to
consent and without legally
authorized representative, and/or
from out of the country (n=18)
Left against medical advice (n=7)

Excluded (n=240)

Stroke with NIHSS score>5 (n=97)

Spinal cord/retinal ischemic infarcts (n=3)

Reperfusion therapy (n=18)
Baseline disability (n=2)
TIA/negative MRI (n=87)
Lost to follow-up (n=30)
Died (n=17)

Excluded (n=16)

Infarct volume unable to be calculated (n=3)

Recurrent stroke by 3 months (n=13)
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