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Résumé

Introduction: la dépression est une complication fréquente après un accident vasculaire

cérébral (AVC). Cette complication a un impact négatif sur la rééducation et la récupération

fonctionnelle. Plusieurs études comportementales suggèrent que la dépression post-AVC

pourrait être un phénomène réactionnel. Cette interprétation laisse penser qu’il n’existe pas de

lien entre la dépression post-AVC et une ou plusieurs aires cérébrales spécifiques. Ce point

reste débattu et il n’a encore jamais été investigué par des techniques modernes d’analyse

statistique basées sur l’imagerie cérébrale et réalisé sur une cohorte conséquente incluant un

grand nombre de participants afin d’exclure un résultat faussement négatif. C’est l’objectif de

notre étude.

Méthode: il s’agit d’une étude annexe issue de la cohorte DOBRAS (Determinants of Balance

Recovery After Stroke), dans laquelle les participants sont régulièrement et systématiquement

évalués à 30 (± 3) (J30) et 60 (± 3) (J60) jours après l’AVC. La dépression était évaluée par l’

Aphasic Depression Rating Scale (ADRS), un outil spécifique pour la dépression post-AVC,

en présence ou non d’une aphasie (scores entre 0 et 32, seuil diagnostic à partir de 11 inclus).

L’imagerie cérébrale a été réalisée grâce à l’Imagerie par Résonance Magnétique (IRM) à

environ deux mois de l’AVC (Nagaraja et al., 2020). Nous avons recherché le lien entre la

dépression post-AVC et trois paramètres d’imagerie: les structures altérées par l’AVC (Voxel-

based Lesion Symptom Mapping (VLSM)), le volume de l’AVC (nombre de voxels) et les

hypersignaux de substance blanche (selon la classification de Fazekas).

Résultats: au total 126 patients ont été analysés. Leur age médian était de 65.9 [58.1-72.4] ans.

Dans notre population il existait une prédominance masculine (n=85 (67%)). Les patients ont

étaient principalement évalués pour la dépression à J30 (n=70, 55%). Parmi eux 53 (42%)

étaient dépressifs. L’ADRS médiane était de 10 [6-15]. La dépression et sa sévérité étaient
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associées à l’existence d’hypersignaux de substance blanche (p=0.011), mais pas au volume

de l’AVC (p=0.619) ni à une structure cérébrale spécifique.

Conclusion: la dépression post-AVC doit être particulièrement détectée en cas

d’hypersignaux de substance blanche à l’IRM. L’absence d’aire cérébrale spécifique en lien

avec la dépression post-AVC plaide en faveur de l’hypothèse réactionnelle.

Mots clés: AVC, dépression, ADRS, imagerie cérébrale, hypersignaux de substance blanche,

VLSM, volume de l’AVC.
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Abstract

Background and purpose: the depression is a common complication after stroke, which has a

negative impact on the rehabilitation and the recovery. Some behavioral findings suggest that

post-stroke depression (PSD) could be a reactional phenomena, an interpretation that would

predict no relationship with a specific brain area. This point, which remains debated, has

never been investigated by modern technics of brain imaging analyses on a cohort including

an adequate number of individuals to exclude false negative results. This was the objective of

the present study.

Methods: it is an ancillary study from the DOBRAS (Determinants of Balance Recovery

After Stroke) cohort, in which participants were regularly and systematically assessed on 30

(± 3) (D30) and 60 (± 3) (D60) days after stroke. The depression was assessed by the Aphasic

Depression Rating Scale (ADRS) a specific tool quantifying PSD, regardless aphasia (scores

from 0 to 32, cut off egal or over 11). Brain imaging were analyzed on Magnetic Resonance

Imaging (MRI) around 2 months after stroke (Nagaraja et al., 2020). We sought the

relationship between PSD and three brain imaging parameters: structures affected by the

stroke (Voxel-based Lesion Symptom Mapping (VLSM)), stroke volume (number of voxels)

and white matter hyperintensities (WMH) (assessed by the Fazekas scale).

Results: a total of 126 individuals were analyzed. Their median age was 65.9 [58.1-72.4] years

and 85 (67%) males. They had been mostly assessed on D30 (n=70, 55%). Among them 53

(42%) were depressive. The median ADRS score was 10 [6-15]. Depression and its severity

were associated to the existence of WMH (p=0.011), but not with stroke volume (p=0.619),

not any specific areas.

Conclusion: PSD must be particularly detected in case of WMH. This absence of specific



12

brain structure related advocates for the reactional hypothesis of PSD.

Key words: stroke, depression, Aphasic Depression Rating Scale (ADRS), brain imaging,

White Matter Hyperintensities (WMH), Voxel-based Lesion Symptom Mapping (VLSM),

stroke volume
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INTRODUCTION

Depression is a common complication after stroke. It has been shown that its prevalence

varies between 20 % and 65 % (Hackett et al., 2005). The functional and cognitive

impairment, the dependance and disability level are associated to the post-stroke depression

(PSD) (Ayerbe et al., 2013). In addition, the depression also results in a negative impact on

the rehabilitation and the functional recovery. This behavioral findings suggest that PSD

could be a reactional phenomena. However, a previous study demonstrated that stroke

patients were significantly more depressed than equally impaired orthopaedic patients,

suggesting that a vascular phenomenon may be involved in depression (Folstein et al., 1977).

Several studies have gone further in the study of the link between depression and brain injury.

Indeed, many of them have been interested in the relationship between the brain injury

location and depression. First of all, an old study demonstrated that a group of patients with

left hemispheric stroke were significantly more depressed than a group with traumatic injury

to the left hemisphere, with the ischemic lesions tending to be more anteriorly situated than

the traumatic lesions (Robinson et al., 1981). Recently, several studies (Vataja et al., 2001,

Murakami et al., 2013, Yang et al., 2015, Levada et al., 2018) have found that patients with

left hemispheric and limbic strokes were more depressive. However, Robinson et al.

demonstrated that patients with anterior right damages also presented PSD, although milder

than for left stroke (Robinson et al., 1983). In addition, other authors analysed the relationship

between depression and lesions more specifically affecting the white matter, in particular the

white matter hyperintensities (WMH) and the microbleeds. Liang et al. demonstrated that

microvascular lesions were post stroke depression predictors after three months (Liang et al.,

2017). Bae et al. demonstrated that the periventricular WMH were associated with an earlier

depression whereas the depression was more severe and later when the hyperintensities were
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deep (Bae et al., 2019). The periventricular white matter hyperintensities (PWMH) were

associated to a chronic depression evolution and a less therapeutic efficiency (Diegez et al.

2004). Moreover, Tang et al. wrote several papers and demonstrated that the lobar

microbleeds were predictors of a less depression symptoms remission and the suicide was

more frequent when the patients had frontal and thalamic microbleeds (Tang et al., 2010-

2014).

The literature which studies the link between vascular lesions and depression is broad, the

methodologies are variable because depression is assessed with various scales, the brain

imaging and the statistics also vary and lead to divergent conclusions. Then PSD

physiopathology is still unclear and the PSD neural bases stay a mystery. From now on the

resort to the magnetic resonance imaging (MRI) in stroke and the statistical analysis is more

successful to study neural bases of PSD. One of them is the voxel-based lesion symptom

mapping (VLSM), which use the MRI, generating data as good as from functional MRI

(Bates et al., 2003) and only few studies use VLSM to study PSD (Abe et al., 2010). In

addition, aphasic patients are often excluded, resulting in a possible bias.

In this study, we hypothesize that PSD has an organic and not only reactional origin. Using

VLSM analysis in a cohort of subjects including aphasics, we investigate the relationship

between brain imaging parameters and the PSD emergence 2 months after stroke.
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1. Post-stroke depression (PSD)

PSD is a frequent complication after stroke. That is an important topic at the subacute phase

due to its negative impact on the recovery and on the rehabilitation. About risk factors, the

methodology varies according to studies, that is probably responsible for major differences in

risk factors for PSD reported in the literature. The most frequently cited risk factors for PSD

are sex (female), history of depression, stroke severity, functional impairment or level of

handicap, level of independence, family and social support (De Ryck et al., 2014). We

suppose that PSD is a reactional mood disorder particularly due to the functional and

cognitive impairment (Ayerbe et al., 2013) and the dependance (living in a nursing home

(Burvill et al., 1997)) though the physiopathology still not clear.

Indeed, several studies have gone further in the study of the link between PSD and brain

injury. Many of them have been interested in the relationship between the brain injury

location and depression (Robinson et al., 1981, Robinson et al., 1983, Vataja et al., 2001,

Murakami et al., 2013, Yang et al., 2015, Levada et al., 2018). Other studies have found a

relationship between WMH, microbleeds and PSD (Liang et al., 2017 ; Bae et al., 2019). The

methodologies are variable because PSD is assessed with various scales, aphasics individuals

are often exluded, the brain imaging and the statistics to analyze the relationship between

stroke location and PSD are variable.

In our study, we have included aphasic individuals and we have evaluated them with the

Aphasic Depression Rating Scale (ADRS). We have analyzed the relationship between three

brain imaging parameters (stroke volume, stroke location, WMH) and PSD.

2. Aphasic Depression Rating Scale (ADRS)

ADRS was developed to detect and measure depression in aphasic patients during the

subacute stage of stroke (Bénaïm et al., 2004). The items of ADRS are filled-in during the
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rehabilitation staff and with the pluridisciplinary team. This scale is particularly appropriate

for the rehabilitation stage. ADRS evaluate the somatic symptoms (including insomnia, loss

of appetite, constipation, fatigability) of the depression, Bénaïm et al. demonstrated that the

presence of these symptoms is often associated with depression and that ADRS displays a

good sensitivity and a good specificity (Bénaïm et al., 2004). We have chosen this scale to

assess the PSD in our study because we have included aphasic individuals whereas previous

studies often excluded them and also because we have studied the PSD at 2 months after

stroke, so on subacute stage.

ADRS is presented on Appendix.

3. White matter hyperintensities (WMH)

3.1 Physiopathology

WMH are types of subcortical brain damages due to small vessel disease (Pantoni et al.,

2010). The WMH physiopathology is incompletely known. Abnormalities of vessels

structures are described (a loss of smooth muscular wall, a lumen reduction and a vessel wall

thickening) and cause a blood flow reduction and a loss of vascular brain auto regulation.

These dysfunctions lead to a chronic and a subclinical ischemia which cause a loss of white

matter (demyelination, hyperintensities on T2-weighted MRI).

3.2 Fazekas scale

Fazekas scale (Fazekas et al., 1987) is the most used in clinical practice and research to

quantify white matter lesions on MRI, on T2 FLAIR (Fluid Attenuated Inversion Recovery).

According to their locations (deep white matter (DWM), periventricular white matter

(PVWM)) and their extension, the WMH are graded as follow: grade 0 (absent), grade 1 (caps

or pencil-thin lining in PVWM, punctate foci in DWM), grade 2 (smooth halo in PVWM,



18

beginnig confluence in DWM), grade 3 (irregular PVWM extending into the deep white

matter, large confluent areas in DWM). We used it in our study but simplifying the score

regardless the location of WMH .

3.3 Clinical consequences

On LADIS (leukoaraiosis and disability) study, older adults who seek medical attention for

non-disabling complaints, severe age related changes in white matter independently and

strongly predict rapid global functional decline (Inzitari et al., 2009). Beyond the presence of

WMHs which has an impact on functional capabilities, Moon et al. demonstrated that a speed

progression of WMH is associated with gait and walk declin among older adults (Moon et al.,

2018). We could think that the recovery after stroke is influence by the WMH and we suppose

that the functional capacities after rehabilitation are less great when the individuals have a

severe leukoaraiosis. About this hypothesis, a meta-analysis (Georgakis et al., 2019)

concluded that the presence and severity of WMH are associated with [...] functional

impairment, stroke recurrence, and mortality after ischemic stroke. Sagnier et al.

demonstrated that the mesure of the white matter integrity early after an ischemic stroke is an

important factor to predict the functional outcome (Rankin Scale Modified) and may be

additional markers to include in studies evaluating post-stroke recovery (Sagnier et al., 2020).

White matter lesions might reduce brain plasticity and cognitive reserve (Galluzzi et al.,

2008). Concerning the PSD and WMH, Tang et al. demonstrated that, in comparison with the

non-PSD group, patients in the PSD group had severe deep WMH (Tang et al., 2010). Severe

deep WMH remained an independent predictor of PSD.WMH increase with the age just as

stroke. Also, we could considere WMH is a predictor and a confunding factor of PSD. In our

study, we considered WMH of 2 ways. At first, we have analyzed the relationship between

the ADRS score and WMH. In a second time, we have performed lesional analyses which had
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as objective to research if there are specific brain areas associated with PSD. Because, WMH

still a confunding factor of PSD and we have decided that the individuals with severe WMH

(Fazekas 3) were excluded of lesional analyses. Indeed, we avoided the confusion bias in

analyses of the relationship between stroke location and PSD.
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METHODS

1. Study design

This work was a monocentric observational ancillary study using the data of the DOBRAS

cohort (ClinicalTrial.gov NCT03203109). In DOBRAS cohort, the participants were

comprehensively assessed in routine care, initially in the first weeks after the admission in the

rehabilitation ward of Grenoble-Alpes University hospital. The participants were regularly

and systematically assessed at 30 (± 3) (D30) and 60 (± 3) (D60) days after stroke. The

DOBRAS-depression study was focused on the occurrence of PSD, assessed with the ADRS

(Bénaïm et al., 2004) before D60 and with an evaluation of the behavioral factors and

anatomical features. In our study, there were two types of approach concerning anatomical

features: on the one hand, on the totality of individuals included in the study, we analyzed the

link between PSD and WMH, between PSD and the basic stroke caracteristics (side, vascular

location, stroke volume) through the brain damages evaluated on the MRI controlled at the

subacute stage. On the other hand, we excluded the severe WMH, because this is a

confunding factor of PSD. We analyzed the lesional data with a substraction mapping and a

VLSM analysis to study the link between PSD and a specific brain area.

2. Ethical consideration

The DOBRAS study was performed with Helsinki declaration and was registered at the

National Committee for Informatics and Freedom (Commission nationale informatique et

liberté; CNIL No. 2014874 v1) which is the French equivalent of the information

Commisionner's Office in the United Kingdom. According to French law, observational

studies do not require approval by an ethics committee, provided participants have been
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informed of the specific research and are not opposed. All possible participants were

informed about the study verbally and by writing. Participants who refused to share their

clinical data for research purposes fulfilled an opposition paper.

3. Participants

From January 2012 to September 2018, 208 consecutives individuals were included in the

DOBRAS data base. Inclusion criteria for DOBRAS were : adults between 18 and 80 years ;

with a first unilateral hemispheric stroke (no cerebellar or brainstem's stroke) which was

confirmed by MRI or CT-scan. Exclusion criteria for DOBRAS were : previous stroke ;

others neurological diseases (peripherical neurologic diseases, movement disorder diseases,

neuromuscular diseases, vestibular diseases); cognitive or psychological disorders prior to

stroke ; unstable medical conditions.

For the present study, supplementary specific eligibility criteria were applied. We included

individuals with an ADRS score assessed before D60 and a MRI performed at subacute stage

(around 2 months). Two months after the stroke is the interval being recommended to avoid

overestimating stroke volume and to better analyze brain structures encroached by the stroke

(Nagaraja et al., 2020). We excluded the individuals with early (first week) MRI controls

because the perilesional oedema distorts the stroke boundaries. Individuals with late (> 4

months) MRI controls were also excluded because the brain imaging had no mapping with the

ADRS score made before D60. Also excluded, individuals with bilateral or multiple strokes or

severe subarachnoid hemorrhage detected after a careful reading of MRI and brain hernia in

acute phase of stroke.

Previous studies demonstrated the link between the PSD and the white matter hyperintensities

(WMH) (Bae et al., 2019 ; Dieguez et al., 2004). We could considere WMH is a predictor and

a confunding factor of PSD, so to avoid a confusion bias in the lesional analysis, we have
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excluded the individuals with a severe WMH (Fazekas grade 3).

The flowchart of study is represented in figure 1.

The anatomo-clinical correlation and particularly VLSM method did not provide a theoretical

number of participants. However, it seemed reasonable to include more than 30 patients by

referring to relevant scientific literature (Karnath et al., 2019).

4. Clinical data

4.1 Depression assessment

The depression was assessed by ADRS which is a specific scale for PSD assessment, in

individuals with or without aphasia, at the subacute stage after stroke (Bénaim et al., 2004 ;

2010). As recommended, the ADRS questionnaire was filled-in by a trained psychologist

during a multidisciplinary staff of our neurorehabilitation ward, with the help of the whole

team. The ADRS scores range from 0 to 32 (Bénaïm et al., 2004). The depression was

diagnosed for ADRS scores over 11 to get a 62 % sensitivity and 81 % specificity. In clinical

routine, the depression was assessed on D30 and/or on D60. For this study, we kept the worst

ADRS score as primary outcome. We have constituated two groups: depressive and non-

depressive individuals.

4.2 Other clinical assessment

The disability was assessed by the Functional Independance Measure (FIM) (Granger et al.,

1986).
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5. Brain imaging

5.1 Acquisition

MRI was performed with 1,5 Tesla machine, either Magnetom Vision plus (Siemens,

Erhlangen, Germany) or Achieva (Philips, Amsterdam, The Netherlands). A T1-weighted

high-resolution, a T2-weighted and a fluid attenuated inversion recovery (FLAIR) were

acquired.

5.2 White matter hyperintensities (WMH)

WMH of the hemisphere spared by the stroke was graded with the Fazekas scale (Fazekas et

al., 1987) on T2-FLAIR sequences, by a radiologist. Fazekas 0 (no WMH), Fazekas 1 (light

WMH), Fazekas 2 (moderate WMH), Fazekas 3 (severe WMH).

In our study, we considered WMH of 2 ways. At first, we analyzed the relationship between

the ADRS score and WMH, for that we definied 2 groups: no/light WMH and

moderate/severe WMH . In a second time, we performed lesional analyses which had as

objective to research if there were specific brain areas associated with PSD. Because, severe

WMH could include a confusion bias, we decided that the individuals with severe WMH

(Fazekas 3) were excluded of lesional analyses.

5.3 Brain imaging reconstruction

The lesions were reconstructed by using MRIcron (Rorden & Brett, 2000) from MRI axial

slices (axial AC-PC, T2 FLAIR, 4-mm thickness). The lesions were drawn manually by a first

operator on axial slices of a T1-weighted MRI template from the Montreal Neurological

Institute (www.bic.mni.mcgill.ca/cgi/icbm_view) normalized to Talairach’s space and

controlled by a second operator. Both operators were blinded to clinical measurements and
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study hypothesis. The disagreements were resolved by consensus. Individual brain lesions

were superimposed by using MRIcron (http://www.mccauslandcenter.sc.edu/mricro/mricron).

We did not use an automatic segmentation and a normalisation algorithms because the manual

reconstruction is more reliable than these techniques (Kimberg et al., 2007) for analysis on

patients with advanced age. Indeed, with aging the cerebral architecture is frequently

modified (mostly ventricular dilatation or cerebral atrophy) (Rorden et al., 2007). In our

behavioral data in function of the proportion of right and left lesions in depressive and non-

depressive individuals (table 1) the right lesions were flipped so that the left hemisphere is the

damaged one and the right non damaged. This method allows to increase the statistical power.

This step allowed us to obtain the stroke volumes and their locations in order to analyze the

relationship between the stroke volume, the stroke location and PSD.

6. Stroke volume

Nys et al. demonstrated that the severity of depressive symptoms was related to the stroke

volume (Nys et al., 2005). So, we analyzed the relationship between the stroke volume which

was defined in voxels during the brain imaging reconstruction and PSD. The stroke volume

was determined as the amount of hemisphere encroached on by the lesion (number of voxels

for the lesion /number of voxels for the hemisphere) (Karnath et al., 2004).

7. Stroke location

7.1 Behavioral analysis

The stroke location has often been studied in its link with the PSD. In our study, we

performed several analyses about stroke location. First, a behavioral analysis of the stroke

location. The location could be classified of many ways (Levada et al., 2018), we have chosen

a classification according to the vascular territories (Vataja et al., 2001). For each individual,
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we defined 3 stroke location groups: superficial, deep and global. According to the vascular

territories, when the lesion damaged the cortical area and the white matter out of the internal

capsule the stroke was considered as superficial. When the lesion damaged the internal

capsule or the basal ganglia the stroke was considered as deep. Finally when it was superficial

and deep, we called it a global stroke. That is a vascular classification including several neural

structures without a precious analysis of the location. That’s why we will use two

complementary methods using brain imaging reconstruction. First, a descriptive method with

the substraction mapping (frequency mapping). Second, a statistical method using VLSM

analysis to study the link between the cerebral damage and PSD.

7.2 Descriptive method: overlap mapping and substraction

mapping

First, we presented a description of our population with mappings of all stroke reconstructed

in MRIcron, which called an overlapping. This overlapping represented for each voxel, the

number of patients who had an injury in that voxel. We performed an overlapping of all

individuals, depressive and non depressive individuals. The substraction of the overlapping of

depressive and non depressive call the frequency mapping (substraction mapping). The

frequency mapping allowed to see if the cerebral areas were differents between the depressive

and non depressive individuals. Then, we performed a Chi2 test to analyze statistically this

comparaison and know if there were specific brain area associated with the PSD. Nevertheless,

it seemed interesting and more precise to do an analysis without a previous depression or

location classification, so we performed a least statistical method using VLSM analysis

(Karnath et al., 2004).
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7.3 Voxel-based lesion symptom mapping (VLSM)

We performed, a statistical method using VLSM. VLSM analyzed the relationship between

cerebral damage and behavior represented by a continous variable (ADRS score) on voxel by

voxel basis, as in functional neuroimaging (Bates et al., 2003). It was a lesional analysis

based on a voxelwise approach with an independent test (non-parametric mapping (NPM) in a

toolbox) computed for every voxel of the whole brain (Bates et al., 2003). To avoid an

increase of the error risk (p value) due to the analyses repeating, we performed a Bonferroni

correction.

VLSM allowed a great spatial resolution and was adapted when there was not a strong a priori

prediction regarding the spatial location of the cerebral injury (Rorden et al., 2007).

8. Classical statistical analyses

The continuous data are presented as median with the interquartile range [Q1-Q3], the

dichotomized and categorical data as number (%). The continuous data were compared

between two groups by Mann-Whitney U-test, the proportions were compared by chi-square

or Fisher exact test. The effect sizes were calculated by using the Z values of the Mann-

Whitney test, r=Z/√n and the X2 of the chi-square or Fisher exact test, v=√(X²/n*df). The

effect size (r or v) of 0.1, 0.3, and 0.5 represent a small, medium, and large effect,

respectively. The correlations were calculated by using the Kruskall-Wallis. A p value < 0.05

was considered as statistically significant. The statistical analysis involved using SPSS 21.0.

First, we studied demographical and clinical features of the participants. Then, we studied the

influence of the WMH, the lesion size and the location on the PSD.
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RESULTS

1. Demographical and clinical features of participants

A total of 126 individuals had an ADRS before D60 after the stroke and a MRI at the 67th day

(+/- 19 days) post-stroke. Their demographical and clinical features are presented in table 1.

Their median age was 65.9 [58.1-72.4] years, with a male predominance (n=85, 67%).

Concerning the characteristics of the stroke, there were more frequently an infarct (n=102,

81 %) in the left side (n=73, 58%).

Median ADRS score was 10 [6-15]. There were 53 (42%) depressive individuals and 73 (58%)

non-depressive individuals (table 1). They had been mostly assessed on D30 (n=70, 55%).

The depressive individuals differed from others by a worse functional independance (table 1).

Our clinical data showed that the proportion of right and left lesions were comparable in

depressive and non-depressive individuals (table 1). Moreover, we had compared the size of

the lesion in right and left stroke and there was no significant difference (p=0.239). To

increase statistical power, the right lesions were flipped on the left hemisphere.

2. Influence of the WMH on PSD

Among the 126 individuals, 25 (20 %) had no WMH (Fazekas grade 0), 56 (44 %) a light

WMH (Fazekas grade 1), 38 (30 %) a moderate WMH (Fazekas grade 2), and 7 (6 %) a

severe WMH (Fazekas grade 3) (figure 2). Due to the small number of individuals with a

Fazekas grade 3, two groups were constituted as follows : no/light WMH (n=81 ; 64%) and

moderate/ severe WMH (n=45, 36%). The group moderate/severe WMH had higher ADRS

scores than the group none/light WMH (12 [8-17] vs 9 [6-14] ; p=0.011, r=0.23)(figure 3).

The WMH were associated with the PSD and its severity.
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3. Influence of the stroke volume on PSD

The stroke volume was comparable between the depressive and the non-depressive

individuals (19994 [4279-48997] voxels vs 17934 [3412-39464] voxels ; p=0.619). This

meant that the stroke volume was not associated with PSD.

4. Influence of the stroke location on PSD

4.1 Behavior analysis

ADRS scores were similar for superficial (n=48, 9 [6-15]), deep (n=45, 10 [6-16], and global

(n=33, 10 [8-15]) strokes (z=1.692 ; p= 0.429). The lesion location was not associated with

the PSD in this primary analysis.

4.2 Overlap mapping, substraction mapping and VLSM analysis

Figure 4 represents the overlap strokes mapping of the 119 individuals. The stroke damages

were located on all arterial territories. The lesions were more frequently found in middle

cerebral artery territory and deep structures which are often perfused by posterior cerebral

artery. The prefrontal regions were more preserved in depressive group (figure 5A). Lesions

were observed mainly in the internal and external capsule, the insula and in the basal ganglia

in the depressive and non depressive individuals (figure 5 A, B). In both groups, occipital

regions were relatively preserved (figure 5 A, B).

The mapping substraction (figure 5 C) between the depressive and the non-depressive

individuals allowed us to obtain regions of interest (ROI) which were different between the

depressive and the non depressive individuals. In the red area, the post arm of the internal

capsule, the thalamus, the putamen and the corona radiata were more frequently injured in the

depressive individuals whereas in the blue area, the caudate nucleus was more frequently
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injured in the non-depressive individuals (figure 5 C). The Chi2 test was not significant. Then,

the statistical analysis of the brain imaging using the VLSM analysis was not significant.

There was not cerebral area associated with the ADRS score. According to the results of

different steps to study the relationship between the stroke location and PSD, we could

conclude there was not specific brain area associated with the PSD.

DISCUSSION

1. PSD and WMH

Our study showed a significant link between the presence of WMH and PSD. This conclusion

is consistent with the more in-depth work of Bae et al. who had demonstrated in a population

studied at 15 days and one year post-stroke that WMH periventricular were associated with

early PSD while deep WMH was associated with PSD late and severe (Bae et al., 2019).

From a pathophysiological point of view, Dieguez et al. evoked moreover the hypothesis of

the vascular mechanism in the onset of PSD: the presence of both periventricular and deep

WMH are associated with PSD with less remission more progression to chronicity and a

poorer response to treatment (Dieguez et al., 2004). WMH are part of a subcategory of

microvascular injury caused by cardiovascular risk factors. Among the other types of lesions

microvascular that we can observe, we also describe the microbleeds. About that, Tang et al.

has demonstrated in several publications the link between microbleeds and post-stroke

depression: the presence of lobar microbleeds was associated with less of remission of

depression over a period evaluating individuals at 3 and 15 months after stroke. Suicide was

also more common in individuals with frontal lobar microbleeds whether early (7%) or late

(14%) after stroke (Tang et al., 2010-2014). It would therefore appear that lesions of
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microvascular origin (WHM and microbleeds) play an important role in the severity of

depression, its course and therapeutic response. Prevention of microangiopathy is based on

simple principles of controlling cardiovascular risk factors, in particular especially high blood

pressure.

2. PSD and stroke location/volume

Furthermore, although we might have expected a link between the location and/or stroke

volume with PSD, our study did not show a significant association concerning these two

hypotheses. Indeed, one would have expected that the lesions large or in areas with high

functional potential such as the internal capsule provide PSD due to the functional impairment

engendered, such as walking which affects autonomy. Conversely, a right lesion more prone

to anosognosia could suggest a protective factor of the PSD. A few articles in the literature

also conclude that there is no link between location and PSD, Nys et al. have not shown a

significant link between location of the recent stroke or a lacunar stroke and the occurrence of

PSD (Nys et al., 2005). In the systematic review carried out by Carson et al., the location of

the lesion was also not retained as a risk factor involved in PSD (Carson et al., 2000). We can

however emphasize that our study has included a large series of patients compared to previous

studies which were limited to a smaller sample individuals (Levada et al., 2018).

To date, our study is one of the only studies of the literature on neural bases hemispherical

PSD performed in VLSM analysis and on a significant series of aphasic patients.

Our results suggest that the neural basis of depression may not be so simple to demonstrate

because they probably pass through cortical and subcortical networks which would join. Liao

et al. who showed that depression chronic and severe disease in non-stroke patients was

associated with abnormal white matter in right frontal lobe, right fusiform gyrus, left frontal

gyrus and the right occipital lobe. In this article, the role of the corpus callosum, the gyrus
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right fusiform and inferior longitudinal fasciculus suggesting that any disconnection within

the white matter of these systems could be at the origin of a depression (Liao et al., 2013).

The VLSM analysis may not have been able to identify these networks, but methods such as

diffusion tensor imaging would allow us to study more precisely the hypothesis of fronto

subcortical dysconnection.

3. Limitations

Concerning the depression assessment, we have used the ADRS which is a scale with a good

reliability. However, we might have been able to perfect assessment of mood with a

complementary scale-type self-assessment scale face so that it remains usable in our aphasic

individuals. Before ADRS, the Visual Analog Mood Scales (VAMS) (Arruda et al., 1999)

was the depression scale for aphasic individuals. The association of ADRS and VAMS could

then be very useful for assessing mood disorders in aphasic patients (Bénaïm et al., 2004).

Concerning behavioral data, we have not assessed the anosognosia while it could be a factor

impacting PSD because patients with anosognosia have not conscience of their difficulties

and their dependance and we could think they are protected of PSD.

Concerning Fazekas scale, we have simplified the score and we have not considered

independantly PWMH et DWMH whereas others studies had do that to study more precisely

the relationship between WMH and PSD (Dieguez et al. 2004 ; Bae et al. 2019). Moreover,

there were not enough individuals in our severe WMH (Fazekas 3) group to demonstrate a

correlation between WMH severity and PSD.

4. Reactional or organic PSD

We can also think that the reactional part in connection with the loss autonomy (loss of

walking, balance disorder, cognitive decline), disability, impaired quality of life play a role in
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the onset of PSD. It is advisable to remain attentive to the clinical and iconographic risk

factors (WMH and microbleeds), in order to identify subjects at risk of PSD to take them into

load early and efficiently and thus limit symptoms and consequences that this complication

causes.

Our study demonstrated a significant link between WMH and PSD. On the other hand, we did

not demonstrate the link between stroke volume, stroke location and PSD. The introduction

and re-evaluation of anti-depressant treatments are essential, the association of supportive

psychotherapy with anti-depressants is clearly indicated for patients who accept it. By limiting

the negative symptoms of depression, we can expect better patient participation during their

rehabilitation phase and thus lead to a more complete recovery with a more satisfactory

quality of life less inclined to promote depressive symptoms.
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CONCLUSION

This is the largest series in which were sought the relationships between depression and brain

imaging parameters such as structures altered by the stroke (voxel-based lesion symptom

mapping,VLSM), stroke volume (number of voxels), and white matter hyperintensities

(WMH) assessed with the Fazekas scale. A total of 126 individuals were analyzed. Their

median age was 65.9 [58.1-72.4] years, with a male predominance (n=85, 67%). They had

been mostly assessed on D30 (n=70, 55 %). The depression was assessed by the Aphasic

Depression Rating Scale (ADRS), a specific tool quantifying post-stroke depression (PSD),

regardless aphasia (score ranging from 0 to 30, depression ≥ 11). Among them 53 (42%) were

depressive and the median ADRS score was 10 [6-15]. Brain imaging were analyzed on MRI

performed around 2 months after the stroke, using modern brain imaging analyses technics.

PSD and its severity was only associated to the existence of a WMH, not with stroke volume

or any specific brain areas. We conclude that PSD must be particularly detected in case of

WHM. The absence of specific brain structure related advocates for the reactional hypothesis

of PSD.
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Figure 1. Study flowchart
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Table 1. General and clinical features

All

(n = 126)

Depressive

(n = 53)

Non depressive

(n = 73)

p value (size effect)

Age (years)

65.9

[58.1-72.4]

65.6

[57.4-69.4]

66.5

[58.5-72.8] 0.477

Male (%)

85

(68)

33

(62)

52

(71) 0.608

Left lesion (%)

73

(58)

29

(55)

44

(60) 0.533

Ischemic stroke (%)

102

(81)

44

(83)

58

(80) 0.615

ADRS score

10

[6-15]

16

[14-18]

7

[5-9]

< 0.001

(r = 0.85)

FIM

105

[78-117]

98

[67-113]

110

[87-119]

0.013

(r = - 0.22)

ADRS score: Aphasic Depression Rating Scale score ; FIM: Funtional Independance Measure

Age, ADRS score, FIM are represented by median [first quartile Q1 - third quartile Q3].

Sex, lesion side and lesional mechanism are represented by the number and the proportion (%).

Statistical significant is p value < 0.05
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Figure 2. Proportion of individuals on a total of 126 individuals according to their Fazekas

scores

Max: maximum ; Min: Minimum ; Q1: first quartile 1 ; Q3: third quartile ; ADRS: Aphasic Depression Rating

Scale ; WMH: White Matter Hyperintensities

* p = 0.011

Figure 3. The relationship between ADRS and severity of WMH on a total of 126 individuals
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Figure 4 : Overlay lesion plots of the 119 stroke individuals. The number of overlapping

lesions is illustrated by different colors coding increasing frequency from violet (n=1) to red

(n=119 stroke individuals; n=47, depressive individuals; n=72 non depressive individuals).

Talairach z-coordinates (Talairach and Tournoux, 1988) of each transverse section are given.
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Figure 5. (A) overlay lesion plots of 47 stroke individuals with depression and (B) 72 stroke

individuals without depression. The number of overlapping lesions is illustrated by different

colors coding increasing frequency from violet (n=1) to red (n=47, depressive individuals;

n=72 non depressive individuals). Talairach z-coordinates (Talairach and Tournoux, 1988) of

each transverse section are given.

(C) Overlay plot of the substracted superimposed lesions of the patients with depression

minus the individuals without depression. The percentage of overlapping lesions of the

depressive individuals after substraction of non depressive individuals is illustrated by five

different colors coding increasing frequencies from dark red (difference: 1-16.7%) to yellow

(difference 83.5-100%) and indicating regions damaged more frequently in patient with

depression than in patient without disorder. Each color represents 16.7% increments. The

colors from dark blue ( difference 1-16.7%) to light blue (difference 83.4 -100%) indicate

regions damaged more frequently in patients without depression than in patients with

depression. Talairach z-coordinates (Talairach and Tournoux, 1988) of each transverse

section are given.
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Appendix

ADRS Items (Bénaïm et al., 2004)

Item 1. Insomnia–Middle

0: No difficulty

1: Patient indicates being restless and disturbed during thenight/observed sleep disturbance

2: Waking during the night; any getting out of bed (except to goto the toilet)

Item 2. Anxiety–Psychic

0: No difficulty

1: Some tension and irritability

2: Worrying about minor matters

3: Apprehensive attitude apparent in patient’s face or speech

4: Fears indicated (verbal or nonverbal expression) withoutquestioning

Item 3. Anxiety–SomaticSymptoms can be gastrointestinal (dry mouth, flatulence, indiges-

tion, diarrhea, cramps, belching); cardiovascular (palpitations, head-aches); respiratory

(hyperventilation, sighing). Other symptoms in-clude urinary frequency, sweating.

0: Absent

1: Mild

2: Moderate

3: Severe

4: Incapacitating
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Item 4. Somatic Symptoms–Gastrointestinal

0: None

1: Loss of appetite but continues to eat; heavy feelings in abdomen

2: Difficulty eating (not due to arm paresis); requests or requireslaxatives or medication for

bowels or for gastrointestinal symptoms

Item 5. Hypochondriasis

0: Not present

1: Self-absorption (bodily)

2: Preoccupation with health

3: Frequent complaints, requests for help, etc.

4: Hypochondriacal delusions

Item 6. Loss of WeightRating is by measurement and does not take into account loss

ofweight that occurred during the acute poststroke phase.

0: 0.5 kg weight loss per week

1: 0.5 kg to 1 kg weight loss per week

2: > 1kg weight loss per week

Item 7. Apparent SadnessItem represents despondency, gloom, and despair (more than

justordinary transient low spirits) reflected in speech (not available incase of severe

aphasia), facial expression, and posture. Rating is bydepth and inability to brighten mood.

0: No sadness

1: between 0 and 2

2: Looks dispirited but brightens without difficulty
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3: between 2 and 4

4: Appears sad and unhappy most of the time

5: between 4 and 6

6: Looks miserable all the time; extremely despondent

Item 8. Mimic–Slowness of Facial Mobility (concernsonly the nonaffected side)

0: The head moves freely, resting flexibly on the body with thegaze either exploring the room

or fixed on the examiner or on otherobjects of interest in an appropriate manner.

1: There may be some reduction of mobility, not easily confirmed.

2: Reduction of mobility is definite but mild; the gaze, while oftenfixed, is still capable of

shifting; mimic, although monotonous, isstill expressive.

3: Patient does not move the head or explore the room and usuallystares at the floor, seldom

looking at the examiner; patient is slow tosmile; expression is unchanging.

4: Face is completely immobile and painfully inexpressive.

Item 9. Fatigability (takes into account motor deficiency, if any)

0: Fatigability is not indicated spontaneously (by verbal ornonverbal communication) or after

direct questioning.

1: Fatigability is not indicated spontaneously, but evidence of itemerges in the course of the

interview.

2: Patient is distressed by fatigability in his everyday life (eating,washing, dressing, climbing

stairs, or any other physical activity thepatient is usually able to do despite motor deficiency).

3: Fatigability is such that the patient must curb some activities.

4: Near-total reduction of activities owing to an overwhelmingsense of fatigue.
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