The Influence of Stroke Location on Cognitive and Mood
Impairment. A Voxel-Based Lesion-Symptom Mapping Study

Sharmila Sagnier, Mp,*1+ Fanny Munsch, rhD,{'§ Antoine Bigourdan, MD,{'§
Sabrina Debruxelles, MD,T Mathilde Poli, MD,t Pauline Renou, MD,t
Stéphane Olindo, mp,t Frang¢ois Rouanet, Mp,T Vincent Dousset, MD, PhD, 1§
Thomas Tourdias, Mp, PhD, 1§ and Igor Sibon, Mp, PhD*t

Background and purpose: The role of stroke location as a determinant of mood and cog-
nitive symptoms is still a matter of debate. The aim of this study was to identify the
predictive value of ischemic stroke location, on a voxel basis, for mood and cognitive
outcome. Materials and methods: A prospective monocentric study including patients
with a supratentorial ischemic stroke was conducted. A 3 Tesla brain MRI was per-
formed at baseline. Mood and cognition were assessed using Hospital Anxiety and
Depression scale (HAD), apathy inventory (AI), and Montreal Cognitive Assessment
scale subscores, performed at 3 months poststroke. Statistical maps of ischemic stroke
location associated with 3 months mood and cognitive scores were obtained using a
voxel-based lesion-symptom mapping approach (Brunner and Munzel test). Signifi-
cant voxels (false discovery rate [FDR] corrected-P < .01) were identified using the
standard Montreal Neurological Institute-152 space template. Results: Two hundred
and sixty-five nonsevere stroke patients were included (64% men, mean age 66 + 14,
median National Institute of Health Stroke Score 3, interquartile range 2-6). Ischemic
stroke location was not associated with HAD or Al scores. Language, abstraction,
and delayed recall performances were mainly associated with left-side hemispheric
lesions. Lesions in both hemispheres were associated with lower performances in
visuospatial and executive functions, naming, attention, and orientation. Conclusion:
Ischemic stroke location does not predict mood outcome at 3 months but is a determi-
nant of cognitive outcome in specific domains.
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Introduction leukoaraiosis, or brain atrophy have been associated with
their occurrence,'” the role of stroke location is still uncer-

Mood disorders and cognitive impairment represent the tain.” Indeed, limited date are available about the potential
main clinical expressions of the so-called “invisible” post- role of precise stroke location, beside the classical associa-
stroke handicap. While large infarct volume, widespread tions between aphasia and left side lesions, neglect and right

Abbreviations: VLSM, voxel-based lesion-symptom mapping; MoCA, Montreal Cognitive Assessment; NIHSS, National Institute of Health Stroke
Score; IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly; HAD-A (-D), Hospital Anxiety And Depression-anxiety (-Depres-
sion); Al, apathy inventory; MNI, Montreal Neurological Institute; FDR, false discovery rate; SD, standard deviation; IQR, interquartile range
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side lesions, visual agnosia, and amnesia with posterior
lesions.” This issue can be address by using a voxel-based
lesion-symptom mapping (VLSM) approach, a method pro-
viding the evaluation of each individual voxel for potential
relationship with a given clinical symptom.” This approach
has the advantage to analyse all brain parenchyma on a
voxel-by-voxel basis, without grouping patients by lesion
site or clinical score cut-off. With this method, the influence
of ischemic stroke location on global cognitive functions,
assessed by the Montreal Cognitive Assessment (MoCA)
scale, has been reported, on top of clinical determinants.’
However, whether stroke location is differentially relevant
in terms of specific cognitive domain and in terms of mood
outcome is still an open question, and heterogeneous results
have been published during the last decade.”"

The aim of the present study was to apply VLSM analy-
sis to a prospective cohort of ischemic stroke patients, in
order to evaluate the predictive value of stroke location
for poststroke anxiety, depression, apathy, and cognitive
subdomains assessment measured at 3 months.

Materials and Methods

Study Population

Data were gathered from the “Brain Before Stroke”
study,’ a prospective and monocentric study conducted

428 patients screened
consecutively

at the Bordeaux University Hospital. The study was
accepted by the regional ethical board (CPP-2012/19
2012-A00190-43) and all patients or their legal representa-
tive provided a written informed consent. Inclusion crite-
ria were an age over 18 years old, a diagnosis of
supratentorial ischemic stroke confirmed on a brain MRI
performed between 24 and 72 hours from symptoms
onset (baseline), and a National Institute of Health Stroke
Score (NIHSS) comprised between 1 and 25. Patients with
prestroke history of dementia or psychiatric disorder
matching to axis 1 DSM-IV criteria,'' severe poststroke
aphasia impeding mood and cognitive assessment, life
threatening disease, MRI contraindication, and non-native
French speakers were excluded.

Clinical Assessment

Demographic characteristics, NIHSS, and Informant
Questionnaire on Cognitive Decline in the Elderly
(IQCODE)'? were recorded at baseline. IQCODE was per-
formed with a relative of the patient, to detect prestroke
cognitive decline. Mood outcome was evaluated at 3
months during a medical hospital visit, using patient self-
evaluations. The Hospital Anxiety and Depression scale
(HAD)" included 7 questions for the measurement of
anxiety on 21 points (HAD-A), and 7 other questions for

(
g

56: non-inclusion criteria

- 34 stroke mimics

- 13 infratentorial strokes

- 1 pre-existing cognitive impairment
- 8 MRI contraindication

(" 51: no exploitable MRI B
- 28 missing MRI sequences
- 23 images of insufficient quality

- 7

4 56: incomplete clinical assessment at 3 months
- 15 missing data
- 26 lost during follow-up

- 15 deaths before the end of the study

=

265 patients included in the
analysis

Figure 1. Patient flow chart.
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depression on 21 points (HAD-D). The patient version
of apathy inventory (AI)'* explored the frequency and
severity of 3 dimensions of apathy: emotional blunting
(12 points), lack of initiative (12 points), and lack of inter-
est (12 points). Cognitive subdomains were evaluated at 3
months during the same medical visit, by a trained
research assistant blinded to baseline MRI. The MoCA
subscores scale'” were used, exploring visuospatial and
executive functions (5 points), naming (3 points), attention
(6 points), language (3 points), abstraction (2 points),
delayed recall (5 points), and orientation (6 points).

Imaging Protocol

A 3 Tesla MRI: Milwaukee, Wisconsin (General Elec-
trics Medical Systems Discovery MR750 W) was per-
formed at baseline. The sequences used for the present
study were as follows: diffusion-weighted imaging (DWTI)
b1000 (echo time/repetition time 82.3/9000, field-of-view
24 x 24 cm?, matrix 128 x 128, thickness slice 4 mm, gap
between slices 0.5 mm), and 3D T1 weighted imaging
(WI, echo time/repetition time/inversion time 3.3/8.6/
450, flip angle 12°, field-of-view 24 x 24 cm?, matrix
256 x 256, thickness slice 1 mm).

Imaging Processing and Statistical Analysis

Ischemic stroke lesions were segmented on DWI, since
it has been suggested that baseline DWI correlated well
with final infarct volume.'® A semi-automatic segmenta-
tion tool available on 3D Slicer 4.3.1 software was used.
The mask of each segmented ischemic lesion, which
defined ischemic stroke location, was coregistered with
DWI and the native 3D T1-WI sequences, before being
superimposed on a standard framework, the Montreal
Neurological Institute (MNI), using the Statistical
Parametric Mapping 8 software available on MATLAB
(R2012b). The relationship between ischemic stroke loca-
tion, mood, and cognitive scores was evaluated on a
voxel-by-voxel basis by a VLSM approach, using the non-
parametric mapping toolbox of MRIcron 4.8.2014: Univer-
sity of South Carolina, South Carolina, United States. 17

Three months HAD-A, HAD-D, Al, and MoCA sub-
scores were analysed in each voxel by the Brunner and
Munzel test. Damaged voxels were voxels included in the
mask of ischemic stroke lesions segmented previously.
Significant voxels were damaged voxels wherein scores
were significantly lower than in nondamaged voxels. For
appropriate use of Brunner and Munzel statistics, only
voxels damaged in at least 10 subjects were tested.'® The
significance threshold was set at .01 after multiple com-
parisons (false discovery rate). Statistical Z-score maps
were generated. An elevated Z-score meant that the ische-
mic stroke location was significantly and robustly associ-
ated with worse performances at 3 months in the
corresponding clinical score. The standard MNI-152 space
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template was used to identify MNI coordinates of signifi-
cant clusters of voxels, for at least 50 contiguous voxels.

Results
Participants and Cognitive Performances

Two hundred and sixty-five patients displayed com-
plete clinical and imaging evaluations (64% men, mean
age 66 & SD 14). The flow chart is detailed in Fig 1. Demo-
graphic data and results of neuropsychological evalua-
tions at 3 months are described in Table 1. The median
NIHSS at baseline was 3 (interquartile range [IQR] 2-6).

Table 1. Demographic, clinical, and radiological data of all
participants

N =265
Demographic data
Age, mean (SD) 66 (14)
Male, n (%) 171 (64)
Right-handed, n (%) 182 (92)
Vascular risk factors, n (%)
Hypertension 125 (47)
Diabetes mellitus 45 (17)
Hypercholesterolemia 106 (40)
Current smoking 64 (24)
IQCODE at baseline, mean (SD) 3(0.6)
NIHSS at baseline, median (IQR) 3(2-6)
Modified Rankin scale at 3 mo, n (%)
0,1,2 216 (81)
>3 51(19)
Total MoCA/30 at 3 mo, median (IQR) 24 (21-27)
Visuospatial and executive functions/5 4 (3-5)
Naming/3 3(3-3)
Attention/6 5 (4-6)
Language/3 2 (2-3)
Abstraction/2 2 (1-2)
Delayed recall/5 3(2-4)
Orientation/6 6 (6-6)
HAD at 3 mo, median (IQR)
HAD-A/21 6 (3-8)
HAD-D/21 3(1-6)
Al/36 at 3 months, median (IQR) 0 (0-6)
Stroke characteristics: hemisphere side and
arterial territory, n (%)
Right side 124 (47)
Left side 126 (47)
Right and left side 17 (6)
Middle cerebral artery 202 (69)
Anterior cerebral artery 27 (9)
Posterior cerebral artery 53 (18)
Anterior choroid artery 11 4)

Stroke volume (cm?), median (IQR) 12.1 (2.2-36.5)

Al, apathy inventory; HAD-A (-D), Hospital Anxiety and
Depression scale-Anxiety (-Depression); IQCODE, Informant
Questionnaire on Cognitive Decline in the Elderly; IQR, interquar-
tile range; MoCA, Montreal Cognitive Assessment; N, total num-
ber; n, a sample of the total number; NIHSS, National Institute of
Health Stroke Score; SD, standard deviation.
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Z-scores

Visuospatial and executive functions

Figure 2. MoCA subscores related to ischemic stroke location (VLSM analysis). Color range represents values of Z-scores thresholded for multiple comparisons
(P < .01 FDR). Voxels in red color are damaged voxels in which MoCA subscores are the most impaired compared with nondamaged voxels. Images are pre-
sented in neurological orientation (left is on the left side). Abbreviations: MoCA, Montreal Cognitive Assessment; VLSM, voxel-based lesion-symptom map-
ping; FDR, false discovery rate. (Color version of figure is available online.)
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Ischemic stroke lesions involved both right (47%) and left
(47%) side hemispheres. At 3 months, median HAD, Al,
and MoCA scores were respectively 10 (IQR 6-14), 0 IQR
0-6), and 24 (IQR 21-27).

Relationship between Ischemic Stroke Location and
Clinical Scores

No significant association was observed between ische-
mic stroke location and HAD-A, HAD-D, and Al. Con-
versely, several locations of ischemic stroke were
associated with MoCA subscores at 3 months (Fig 2).
Only left-side hemispheric lesions were associated with
performances in language, abstraction, and delayed recall.

S. SAGNIER ET AL.

Performances in visuospatial and executive functions,
naming, attention, and orientation subdomains were pre-
dominantly associated with left-side hemispheric lesions,
and to a lesser extent with right-side hemispheric lesions.
Cerebral gyri associated with MoCA subscores are
described in Table 2.

Discussion

The main result of this study is that, in a population of
patients with a recent ischemic supratentorial stroke,
ischemic lesion location does not predict the severity of
poststroke affective symptoms while it contributes to pre-
dict specific cognitive domains outcome.

Table 2. Labels of significant clusters of damaged voxels associated with MoCA subscores (>50 contiguous voxels, P < .0l FDR)

MNI coordinates

MoCA subscores Cluster labeling Maximal Z-score X Y z Cluster size (voxels)
Visuospatial and execu- Left inferior frontal gyrus, pars 3.7 -39 8 22 1782
tive functions opercularis
Right frontal eye field 35 34 27 39 639
Right supramarginalis gyrus 3.2 50 =36 28 184
Right putamen 3.2 20 12 12 57
Naming Left insula 3.9 —45 2 -3 24,931
Left angular gyrus 3 —45 —60 46 67
Right associative visual cortex 2.7 38 -78 -—16 64
Attention Left primary motor cortex 53 —40 12 15 18,738
Left primary somatosensory 3.6 —42 =22 36 85
cortex
Left anterior prefrontal cortex 3 —28 45 -9 313
Right inferior frontal gyrus, pars 3 33 14 30 174
opercularis
Right ventral posterior cingulate 2.6 15 =52 32 362
cortex
Right associative visual cortex 2.6 21 —62 20 63
Language Left primary motor cortex 6.3 -50 -10 8 27,386
Left angular gyrus 3.9 —45 —-69 32 397
Left caudate 3.9 -10 -2 15 122
Left inferior frontal gyrus, pars 3.6 —46 22 —15 52
orbitalis
Abstraction Left inferior frontal gyrus, pars 4.9 —58 6 12 12,346
opercularis
Left temporopolar area 3 —-57 8 —16 54
Delayed recall Left parahippocampal gyrus 3.9 =34 =33 =20 2265
Left thalamus 39 -15 =21 0 730
Left associative visual cortex 34 -8 =92 -14 471
Left middle temporal gyrus 34 -69 -26 —4 64
Left dorsolateral prefrontal 2.9 —-38 32 22 88
cortex
Left temporopolar area 2.7 -57 8 —16 54
Left inferior frontal gyrus, pars 2.5 -39 34 -8 59
orbitalis
Orientation Right associative visual cortex 3.1 18 —98 4 367
Left parahippocampal gyrus 3.5 -24 =27 -4 85
Left hippocampus 2.7 -24 —-12 =22 100
Right anterior prefrontal cortex 2.7 27 4 -6 54

FDR, false discovery rate; MNI, Montreal Neurological Institute; MoCA, Montreal Cognitive Assessment.
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The predictive value of stroke location in poststroke
mood disorders has been a debate for many decades.'""”
Some studies suggested a higher risk in patients with
lesions involving the left hemisphere,7 the left dorsolateral
prefrontal cortex,”’ or basal ganglia.21 Our results, using 1
of the most accurate methodology available to date
(VLSM) on a large sample of patients, suggest the absence
of relationship between ischemic stroke location and post-
stroke affective symptoms. That is in accordance with the
results of Gozzi et al,*> who did not observe any associa-
tion between damaged voxels and poststroke depression
in a sample of mild ischemic strokes, using statistical
parametric mapping. We can hypothesize that, rather
than the location, the interruption of brain anatomical or
functional networks involved in mood regulation contrib-
ute to poststroke affective disorders.” Moreover, dysre-
gulation in noradrenalin, dopamine, and serotonin
neuronal network after stroke might also influence the
occurrence of affective and apathetic symptoms, as sug-
gested by Hama et al.”!

The role of ischemic stroke location on specific cognitive
subdomains is in line with the current knowledge on the ana-
tomofunctional role of brain structures in cognitive domains.
Our results emphasize the role of fronto-temporo-insular
locations, together with deep brain structures, such as the
thalamus and basal garlg]l’a.24'25 Unsurprisingly, we
observed the main role of left-side hemispheric lesions for
most of the cognitive domains, predominantly those in
the language field, while right-side hemispheric lesions were
mainly associated with visuospatial and executive
functions.”

Nevertheless, the results of this study should be inter-
preted cautiously due to some limits. First, they only
apply to patients with minor to moderate ischemic
strokes, as represented in our cohort. Obviously, patients
with larger ischemic lesions encompassing many cogni-
tive areas will have more diffuse and severe cognitive
impairment. Second, the mood scores (HAD and Al) were
low in our sample, thus the absence of severe mood
impairment might participated to the absence of associa-
tion between stroke location and mood outcome, albeit
we had a large sample of patients. Third, only patients
with supratentorial stroke were included, which did not
allow us to evaluate the influence of cerebellar lesions on
poststroke cognitive and affective disturbances. Indeed,
the role of cerebellum has been suggested through the dis-
ruption of cerebello-cerebral connections.”**” Fourth, cog-
nitive evaluations were limited to the MoCA, which is
relatively rough compared to a full battery of neuropsy-
chological tests. Nonetheless, MoCA is a short and well-
tolerated test independently associated with poststroke
cognitive impairment,”**’ which can be carried out rou-
tinely. In addition, MoCA subdomains have been previ-
ously well-associated with more extensive cognitive
batteries.”” Fifth, patients with severe aphasia who were

not able to achieve the tests were excluded. Neuropsycho-
logical assessment adapted to aphasic patients are now
available, and such tests should be used in the future, so
as not to miss the cognitive outcome of these patients.

Conclusion

Ischemic stroke location, in minor to moderate strokes,
can predict cognitive outcome at 3 months in various
domains, emphasizing the hypothesis of strategic lesion
location in poststroke cognitive outcome. However, ische-
mic stroke location does not seem to predict affective and
apathetic symptoms.
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