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Abstract

Ischaemic strokes frequently lead to persistent motor deficits. Fluoxetine has been reported to enhance
cerebral plasticity and neurogenesis. However, its impact on post-stroke recovery remains debated. Its
influence on the reorganisation of brain connectivity has not yet been investigated. We therefore
examined whether fluoxetine modifies the evolution of resting-state functional connectivity in patients
with stroke-related motor deficits.

We conducted a randomised, placebo-controlled, double-blind trial, including patients aged 18-85 years
who had experienced a stroke within the previous 10 days and had an NIHSS score > 8 and/or an NIHSS
motor score > 4. Twenty-four patients were randomly assigned to fluoxetine (20 mg per day, n = 12) or
placebo (n = 12) for 90 days. The primary outcome was the change in resting-state functional
connectivity between baseline and day 90.

Seventeen patients were included in the analysis (fluoxetine n=8; placebo n=9). Resting-state functional
connectivity decreased significantly in the fluoxetine group compared with the placebo (TFCE = 353.87,
P-FWE = 0.001). This change was localised to a cluster involving the bilateral motor system, including the
precentral gyrus, postcentral gyrus, juxtapositional lobule cortex, and superior parietal lobules.
Interhemispheric connections represented 70.6% of this cluster. DTI suggested better preservation of
corpus callosum integrity in the fluoxetine group.

In patients with stroke-related motor deficits, fluoxetine targeted the sensory-motor network and
influenced inter-hemispheric connectivity. These findings reignite the debate over whether fluoxetine
might influence motor recovery in patients with severe motor impairments and, in any case, should be
considered in functional connectivity studies of stroke.

Introduction

More than seven million people worldwide experience ischaemic stroke (IS) each year,[1] and its burden
in Europe is expected to increase in the coming years.[2] Many survivors remain chronically disabled,
with 40% experiencing severe disability.[3] Among these impairments, upper limb paresis is a major
contributor to long-term functional limitation.[4] Several pharmacological agents have been investigated
for their potential to improve the functional outcomes in such patients. In 2011, the FLAME trial
demonstrated the benefits of fluoxetine, a selective serotonin reuptake inhibitor (SSRI), in enhancing
motor recovery following an IS with motor deficits.[5] More recent studies have also reported
improvements in motor recovery with SSRIs.[6-8]

However, this effect was not confirmed in three subsequent large-scale studies (FOCUS, AFFINITY and
EFFECT) which assessed a six-month treatment duration.[9-11] These trials, notably, used a different
dosage and included a heterogeneous population comprising both ischaemic and haemorrhagic strokes,
variable neurological impairments, and no systematic motor deficits. This methodological variability is
particularly relevant, as stroke type (ischaemic or haemorrhagic) and initial motor severity are
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established determinants of functional prognosis and recovery potential.[3,12] Moreover, large-scale
trials cannot feasibly include long but sensitive measures such as the Fugl-Meyer scale, the gold
standard for assessing sensorimotor recovery. Fluoxetine remains of considerable interest in the
treatment of IS. However, its target population has yet to be clearly defined. Its use may be particularly
relevant in patients with IS who present with severe motor impairments.

The mechanisms underlying motor system reorganisation following IS have become increasingly well
characterised. Cerebral infarction induces spontaneous structural remodelling, involving both
perilesional regions and the contralesional hemisphere.[13] This process induces a functional
reorganisation of the brain, resulting in modifications of the connectome and evolving activity in regions
remote from the focal lesion.[14] Clinical sequelae therefore reflect dysfunctions within cerebral
networks, including areas not directly affected by the infarct. Recent advances in neuroimaging have
demonstrated that these networks can be characterised through resting-state functional connectivity
(rsFC) mapping.[15-17] Its post-stroke evolution and its association with deficit recovery have now been
characterised.[18,19] Functional connectivity after stroke is a dynamic process that extends beyond the
sensorimotor network, particularly in the acute stage, but tends to re-engage this network in case of
favourable recovery. Accordingly, rsFC is considered a potential biomarker of post-stroke brain function
and recovery capacity.[20]

Through their effect on intracortical inhibition and cortical excitability, SSRIs have been shown to
promote a reactivation of a critical period of cerebral plasticity.[21,22] In animal models, fluoxetine has
also been shown to reduce lesion volume and favourably modulate post-stroke cellular regeneration.[23]
It may therefore enhance both structural and functional brain remodelling following stroke. In patients
with major depressive disorder, SSRIs have been shown to reduce rsFC across several brain networks.
[24] However, this mechanism does not appear to account for the effect of fluoxetine observed after IS.
Indeed, Pariente et al. reported that a single dose of fluoxetine administered to stroke patients increase
activation of the ipsilesional primary motor cortex during a motor task involving the injured limb.[25]
Evaluating the effect of fluoxetine on the evolution of rsFC following IS is therefore essential to better
understand its mechanisms of action, yet this has not previously been investigated.

In this study, we aimed to investigate the effect of fluoxetine on changes in rsFC over the 90 days
following IS. We hypothesised that fluoxetine modulates the spontaneous functional reorganisation
observed after a stroke, potentially contributing to improved functional outcomes. Given its broad effects
on functional brain networks in healthy individuals,[26] we conducted a whole-brain connectivity analysis,
rather than focusing solely on motor-related networks. To further explore the structural mechanisms
underlying these changes, we complemented our analysis with diffusion tensor imaging (DTI).

Materials and Methods
Study design
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The RECONISE study was a prospective, randomised, double-blind, placebo-controlled trial conducted
between May 2017 and January 2022 in Department of neurology at Toulouse University Hospital.

Participants were randomly assigned to receive either fluoxetine (20 mg per day, orally) or placebo for 90
days. Study visits were scheduled at baseline, day 30, and day 90. At each visit, patients underwent
clinical examination, and concomitant treatments were recorded. Neurological status was assessed
using the National Institutes of Health Stroke Scale (NIHSS) and the modified Rankin scale (mRS).
Adverse events and treatment adherence were monitored at day 30 and day 90. Structural and functional
brain MRI were acquired at baseline and day 90. The primary outcome was the change in rsFC baseline
and day 90. Secondary endpoints included NIHSS and mRS assessed at baseline, day 30, and day 90, as
well as structural change in white matter within the motor network, evaluated using DTI.

The study was conducted in accordance with the principles of the Declaration of Helsinki and the Good
Clinical Practice guidelines. Ethical approval was obtained from the independent local ethics committee
(Comité de protection des personnes Sud-Ouest et Outre Mer Ill), and written informed consent was
provided by all participants. It was registered on 6 May 2016 at ClinicalTrials.gov (NCT02767999).

Randomisation and masking

Randomisation was performed in a 1:1 ratio using a random block allocation sequence generated by the
study biostatistician. Participants were assigned to one of the two treatment arms by the pharmacist,
based on the randomisation list. Fluoxetine and placebo were prepared in identical packaging, labelling,
and presentation to ensure blinding. The treatment was then delivered to the medical department
labelled only with the patient's identification number. The Clinical Investigation Centre (Toulouse,
France), an independent body, was responsible for study coordination. All participants, clinical staff,
investigators, and statisticians remained blinded to treatment allocation throughout the study.

Population

Patients were eligible if they had experienced a first cortical or subcortical IS within the previous 10 days,
confirmed by brain MRI. Inclusion criteria were: age between 18 and 85 years, a minimum NIHSS score
of 8 and/or a minimum motor NIHSS of 4 on the affected limb, and affiliation with a public healthcare
system. Exclusion criteria included: NIHSS = 22, a history of treated depressive disorder, chronic
alcoholism, hepatic or renal failure, current or recently discontinued (within the past 6 weeks) SSRI
treatment, pregnancy, severe language or comprehension deficits, and contraindications to either MRI or
fluoxetine.

MRI acquisition
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MRI data were acquired at the INSERM ToNIC laboratory (Toulouse Neurolmaging Centre), located within
the University Hospital of Toulouse (France), using a 3.0 Tesla Philips scanner equipped with a 32-
channel head coil and echo-planar sequence imaging (EPI) technology. All participants underwent
structural MRI, including a high-resolution 3D T1-weighted MP-RAGE sequence (repetition time [TR] = 8.1
ms, echo time [TE] = 3.7 ms, flip angle = 8°, voxel size = 1.0 x 1.0 x 1.0 mm), and a T2-weighted FLAIR
sequence (fluid-attenuated inversion recovery, repetition time = 8000 ms, echo time = 343 ms, flip angle
= 90°, voxel size = 1.0 x 1.0 x 1.0 mm). Resting-state functional MRI was acquired with the following
parameters: TR = 2500 ms, TE = 30 ms, flip angle = 90°, voxel size = 3.0 x 3.0 x 3.0 mm, 46 transversal
slices. During acquisition, participants were instructed to fixate on a white cross displayed on a black
screen while remaining at rest. DTl was also acquired (TR = 8200 ms, TE = 75 ms, flip angle = 90°, voxel
size =2 x2x2mm).

Resting state functional MRI

Resting-state functional connectivity (rsFC) analyses were performed using CONN toolbox[27] (version
20.b;RRID:SCR_009550) and SPM (RRID:SCR_007037; release 12.7771). In nine participants, lesions
were located in the right hemisphere. To enable consistent group level analyses, all structural and
functional MRI images were rotated 180° in sagittal plane, such that lesions were consistently lateralised
to the left hemisphere. This approach is recommended for harmonising data from patients with lesions
in different hemispheres.[28] The description of the preprocessing, denoising, and first- and second-level
analysis steps provided below is based on the CONN toolbox report.

Preprocessing

Functional and anatomical data were preprocessed using a flexible preprocessing pipeline[29] including
realignment with correction of susceptibility distortion interactions, slice timing correction, outlier
detection, direct segmentation, and MNI-space normalization, and smoothing. Functional data were
realigned using SPM realign & unwarp procedure,[30] where all scans were coregistered to a reference
image (first scan of the first session) using a least squares approach and a 6 parameter (rigid body)
transformation, and resampled using b-spline interpolation to correct for motion and magnetic
susceptibility interactions. Temporal misalignment between different slices of the functional data
(acquired in interleaved bottom-up order) was corrected following SPM slice-timing correction (STC)
procedure,[31] using sinc temporal interpolation to resample each slice BOLD timeseries to a common
mid-acquisition time. Potential outlier scans were identified using ART as acquisitions with framewise
displacement above 0.9 mm or global BOLD signal changes above 5 standard deviations, and a
reference BOLD image was computed for each subject by averaging all scans excluding outliers.
Functional and anatomical data were normalized into standard MNI space, segmented into grey matter,
white matter, and CSF tissue classes, and resampled to 3 mm isotropic voxels following a direct
normalization procedure[32] using SPM unified segmentation and normalization algorithm[33,34] with
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the default 1XI-549 tissue probability map template. Last, functional data were smoothed using spatial
convolution with a Gaussian kernel of 7 mm full width half maximum (FWHM).

Denoising

In addition, functional data were denoised using a standard denoising pipeline[29] including the
regression of potential confounding effects characterized by white matter timeseries (5 CompCor noise
components), CSF timeseries (5 CompCor noise components), PPU regressors (6 components), motion
parameters and their first order derivatives (12 factors),[35] outlier scans (below 91 factors), session and
task effects and their first order derivatives (4 factors), and linear trends (2 factors) within each
functional run, followed by bandpass frequency filtering of the BOLD timeseries[36] between 0.008 Hz
and 0.09 Hz. CompCor[37,38] noise components within white matter and CSF were estimated by
computing the average BOLD signal as well as the largest principal components orthogonal to the BOLD
average, motion parameters, and outlier scans within each subject's eroded segmentation masks.

First-level analysis

ROI-to-ROI connectivity (RRC) matrices were estimated characterizing the functional connectivity
between each pair of regions among 132 Harvard-Oxford atlas ROIs[39]. Functional connectivity strength
was represented by Fisher-transformed bivariate correlation coefficients from a general linear model
(weighted-GLM),[29] estimated separately for each pair of ROls, characterizing the association between
their BOLD signal timeseries. Individual scans were weighted by a boxcar signal characterizing each
individual task or experimental condition convolved with an SPM canonical hemodynamic response
function and rectified.

Second-level analyses

Group-level analyses were performed using a General Linear Model (GLM).[29] For each individual
connection a separate GLM was estimated, with first-level connectivity measures at this connection as
dependent variables (one independent sample per subject and one measurement per task or
experimental condition, if applicable), and groups or other subject-level identifiers as independent
variables. Connection-level hypotheses were evaluated using multivariate parametric statistics with
random-effects across subjects and sample covariance estimation across multiple measurements.
Inferences were performed at the level of individual clusters (groups of contiguous connections).
Cluster-level inferences were based on nonparametric statistics using Threshold Free Cluster
Enhancement (TFCE),[40] with 1000 residual-randomization iterations, and ROIs sorted using optimal
leaf ordering based on ROI-to-ROI anatomical proximity and functional similarity metrics.[29,41] Results
were thresholded using a familywise corrected P-FWE < 0.05 TFCE-score threshold.

DTI

Page 7/33



Diffusion-weighted images were processed using Diffusion Spectrum Imaging (DSI) Studio software
(http://dsi-studio.labsolver.org). All datasets were corrected for eddy currents and head motion. With
white matter Human Connectome Project atlas (HCP842 atlas), fiber tracking was based on an
automatic fiber tracking function and a deterministic fiber tracking algorithm using a track recognition
based on the tractography atlas.[42] Normalized diffusion images were superimposed on the MNI
template for each subject to check normalization. Voxels with zero intensity were automatically
excluded. The fractional anisotropy (FA) threshold was set to 0.2, and the angular threshold ranged
between 45 and 65°. DTl metrics were extracted from regions of interest (ROI) defined by the Johns
Hopkins University atlas.

Lesion segmentation

Ischemic brain lesions were manually segmented using ITK-SNAP software[43], based on T2-weighted
FLAIR sequences previously normalised to the Montreal Neurological Institute (MNI) brain template. The
resulting lesion masks were used to quantify lesion volume and were subsequently compiled using
MRIcron[44] software to generate lesion overlap maps. These masks were also employed to compute
corticospinal tract (CST) involvement. For each patient, the number of voxel overlapping both the lesion
and the CST was calculated, using CST regions derived from the John Hopkins University (JHU) white
matter atlas,[45-47] including the posterior limb of the internal capsule, superior corona radiata, cerebral
peduncle, as well as the pontine and bulbar CST segments.

Statistical analysis

When the protocol was developed, no sufficiently detailed data were available on changes in cerebral
connectivity assessed with resting-state fMRI to allow for an accurate estimation of fluoxetine's effect
on this parameter. The study was initially planned to take place in two French centres and to include a
total of 60 patients. However, due to logistical constraints and the subsequent COVID-19 pandemic, it
was ultimately conducted at a single centre. The target sample size was therefore revised. Given the
exploratory nature of our study and in line with other recent investigations of rsFC following
stroke[20,48,49], we aimed to include 20 patients (10 per group). Due to the small sample size, non-
parametric tests were employed for statistical analyses of clinical data. Between-group comparisons at
each time point were conducted using the Mann-Whitney U test. Within-group changes in clinical scores
across time points were assessed using the Kruskal-Wallis test, followed by pairwise comparisons using
the Wilcoxon signed-rank test, with Holm’'s method applied for multiple comparisons correction. A two-
tailed P < 0.05 was considered statistically significant.

Between-group comparisons of rsFC at days 0 and day 90 were performed using two-sample t-test.
Within-group longitudinal changes in rsFC were assessed using paired t-test. To compare rsFC changes
over time between groups, a two-way mixed analysis of variance (ANOVA) was conducted, adjusted for
age and lesion volume. Statistical significance was defined as P-FWE < 0.05. The false discovery rate
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(FDR) approach was also performed. To analyse DTl changes, individual delta values (day 90 - day 0)
were calculated for each parameter. Between-group comparisons of these deltas were performed using
Mann—-Whitney U tests, with two-tailed P-value < 0.05 considered statistically significant.

Clinical and DTI data were analysed using RStudio software,[50] which was used for both statistical
computations and graphical visualisations. Imaging analyses were conducted using the CONN
functional connectivity toolbox.

Results

Population

Between May 2017 and January 2022, 27 patients were prospectively enrolled. Three were excluded
prior to randomisation, including one who showed clinical improvement and no longer met the inclusion
criteria (Fig. 1). The remaining 24 patients were randomised and allocated evenly between the fluoxetine
and placebo groups (n = 12 per group).

Among those randomised, five participants did not complete the day-90 MRI scan: three due to the
COVID-19 pandemic, one who withdrew consent, and one who died before day 90 (Fig. 1). Two additional
patients were excluded from the final analysis: one due to missing MRI data (panic attack during
acquisition), and one who received fluoxetine during rehabilitation, violating the study protocol. The
primary endpoint was therefore analysed in 17 patients: eight in the fluoxetine group and nine in the
placebo group.

The two groups were comparable in terms of demographic characteristics and initial stroke treatment,
except for age, which was higher in the placebo group (Table 1). In this group, both the percentage of
corticospinal tract involvement and lesion volume were also greater (Table 1). Nevertheless, baseline
NIHSS and mRS were similar between groups.

Most patients had a lesion involving the middle cerebral artery territory and the internal capsule (Fig. 2).
Three patients (two in the fluoxetine group and one in the placebo group) had brain stem lesions (Fig. 2).

Resting state FC evolution

To address the primary endpoint, changes in rsFC over the 90-day study period were compared between
the two groups. Because age differed between groups, additional analyses were performed to assess its
potential influence on rsFC changes. Age was included as a covariate in the second-level analysis. In
addition, the individual change in rsFC (DeltaFC = FCp, 99 — FCpayg) extracted from the cluster reported
below was examined in relation to age. No significant correlation between age and DeltaFC was
observed (r = 0.19, P-value = 0.46; Supplementary Fig. 1). These results suggest that the observed group
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difference in rsFC change was not driven by age differences between groups. Because lesion volume
also differed between groups, it was similarly included as a covariate in the second-level analysis.

The fluoxetine group exhibited a significant reduction in rsFC compared with the placebo group, with a
cluster of decreased functional connectivity (TFCE = 353.87, P-unc < 0.0001, P-FDR = 0.002, P-FWE =
0.001) (Fig. 3). This connectivity cluster corresponded to the bilateral motor system and included the
primary and secondary motor cortices (specifically the precentral gyrus (PreCG), postcentral gyrus
(PostCG), and juxtapositional lobule cortex (SMA)) in both damaged and undamaged hemispheres, as
well as the bilateral superior parietal lobules (SPL) (Fig. 3A). Within this cluster, 70.6% of the connections
were interhemispheric (12 out of 17), 17.6% were intrahemispheric within the undamaged hemisphere (3
out for 17), and 11.8% were intrahemispheric within the damaged hemisphere (2 out for 17) (Fig. 3B).
Mean rsFC values for the identified cluster at day 0 and day 90 for each group are shown in Figure 3.C.
No significant differences in rsFC were observed between the fluoxetine and placebo groups, either at
baseline (Day 0) or at Day 90. Similarly, no within-group changes in rsFC were statistically significant
over the 90-day period. Detailed rsFC values for each connection within the identified cluster are
provided in the supplementary material (Supplementary Fig. 2).

Clinical outcomes

Both the fluoxetine and placebo groups demonstrated significant improvement in NIHSS scores over the
90-day follow-up period (Fig. 4). In the fluoxetine group, the median NIHSS score decreased from 12.5
[11.0;16.0] at baseline to 8.00 [6.75;10.75] at Day 30 (P-unc = 0.01, P-corr = 0.04), and to 5.50 [5.00;7.50]
at Day 90 (baseline vs Day 90: P-unc = 0.01, P-corr = 0.04; Day 30 vs Day 90: P-unc = 0.23, P-corr = 0.23).

In the placebo group, the median NIHSS score declined from 14.0 [12.0;15.0] at baseline to 9.0 [8.0;10.0]
at Day 30 (P-unc = 0.01, P-corr = 0.03), and to 5.0 [4.0;8.0] at Day 90 (baseline vs Day 90: P-unc = 0.01, P-
corr = 0.03; Day 30 vs Day 90: P-unc = 0.01, P-corr = 0.03). At no time point (baseline, Day 30, or Day 90),
did NIHSS scores differ significantly between groups. The mRS score, reflecting functional
independence, also improved in both groups over the study period, with no significant between-group
differences at any time point (Fig. 5).

Among the 24 patients receiving study treatments, a total of 47 adverse events were reported
(Supplementary Table 1). The three most frequent events were infection (3 [13.6%] in the fluoxetine
group vs 7 [28.0%] in the placebo group), constipation (4 [18.2%] vs 5 [20.0%]), and psychiatric disorders
(2[9.1%] vs 5[20.0%]). Notably, cytopenia and bone fractures occurred exclusively in the fluoxetine
group. No serious treatment-related adverse events were reported during the study.

DTI
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To investigate structural changes in white matter over the 90-day period, motor-related networks were
analysed using DTI. In the fluoxetine group, a significant improvement in the microstructure of the body
of the corpus callosum in the damaged hemisphere was observed compared with the placebo group
(Supplementary Fig. 3). This was reflected by a smaller increase in the damaged/undamaged (D/U) ratio
of the mean diffusivity (MD,) and radio diffusivity (RD,) parameters (median MD, change: 0.02 [0.01;0.02]
vs 0.09 [0.05;0.15], P = 0.030; median RD, change: 0.02 [-0.01;0.03] vs 0.15 [0.07;0.18], P = 0.045). In
fluoxetine group (n=5), there was also a significantly greater increase in the D/U ratio of the axial
diffusivity (AD,) parameter in the corticospinal tract compared with the placebo group (n=8, median AD,

change: 0.20[0.07;0.21] vs 0.04 [0.00;0.10], P = 0.045). No significant between-group differences were
observed for the other DTI parameters (Supplementary Fig. 3).

However, the increase in the RD, within the medulla was significantly greater in the fluoxetine group,
potentially indicating reduced microstructural integrity at day 90 (median RD, change: 0.12[0.11;0.15] vs
0.07[0.01;0.11], P = 0.045) (Supplementary Fig. 3). No significant between-group differences were
observed for the other medulla parameters. Similarly, no significant differences in evolution were
detected for any of the remaining white matter ROIs (Supplementary Fig. 3).

Discussion

In this study, we examined the effect of a 90-day fluoxetine treatment on rsFC to elucidate its role in

intracerebral reorganisation during post-stroke recovery. Fluoxetine was associated with a significant
reduction in rsFC between regions of the bilateral motor system. Over the same period, DTl analyses
suggested that fluoxetine administration attenuated microstructural damage to the corpus callosum.

Fluoxetine-associated changes in functional connectivity following stroke

The effects of SSRIs on rsFC have been extensively investigated in the context of major depressive
disorder. In this setting, SSRI treatment appears to restore disordered connectivity patterns,[51]
particularly within the default mode network (DMN), with rsFC either increasing or decreasing depending
on the specific DMN subcomponent involved.[52] Twelve weeks of SSRI administration have been shown
to increase rsFC between subcortical networks and the ventral attention networks, connectivity that is
initially reduced in major depressive disorder and subsequently normalises towards healthy-control
levels in parallel with clinical improvement.[53]

Conversely, SSRIs have been reported to reduce rsFC within the thalamo-cortico-periaqueductal network,
which is implicated in pain processing.[54] In healthy individuals, SSRI decrease rsFC within DMN and in
the task-positive network (intraparietal sulcus-occipital gyrus connection), a circuit generally recruited
during goal-directed behaviour.[55] These findings indicate that fluoxetine can modulate functional
connectivity in distinct brain networks, with effects varying according to whether baseline connectivity is
reduced or increased.
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In this study, we report, to our knowledge for the first time, the effects of fluoxetine on post-stroke rsFC
evolution in patients with motor deficits. Fluoxetine did not modulate rsFC within the previously
described networks but it exerted a significant influence on the bilateral sensorimotor network (SMN). In
line with previous reports, IS initially causes a reduction in cerebral connectivity, followed by a
spontaneous evolution marked by increased interhemispheric rsFC, most notably between ipsilesional
motor areas and contralesional regions such as the SPL, anterior intraparietal sulcus or SMA.[14,56,57]
In contrast, our findings indicate that fluoxetine treatment, administered over 90 days post-stroke, was
associated with a reduction in sensorimotor rsFC, predominantly across interhemispheric connections,
and including the contralesional SPL and the SMA. These results suggest that fluoxetine may modulate
distinct brain networks, with its effects potentially determined by the underlying pathology and baseline
rsFC alterations.

In animal models of stroke, SSRI administration initially reduces inhibitory tone in perilesional tissue,
which in turn facilitates the recruitment of new connections. This process helps restore the inhibition-
excitation balance between the ipsilesional and contralesional hemispheres, ultimately enabling the re-
establishment of effective circuits within the ipsilesional hemisphere.[21] This effect may be linked to
SSRI-induced increases in BDNF levels in perilesional regions, which promote neurogenesis and
neoangiogenesis around infarcted areas.[58] More recently, fluoxetine has been shown to reduce the
production of circular RNAs,[23] biomarkers implicated in inflammation and cell survival during stroke.
[59] More specifically, in animal stroke models, fluoxetine has been shown to promote the regeneration
of serotonergic and noradrenergic perilesional innervation.[60] Recent evidence indicates that brain
chemoarchitecture, closely correlated with functional connectivity, links motor regions and
interhemispheric pathways via serotonergic and noradrenergic neurotransmission.[61,62] This could
account for the targeted effect of fluoxetine on bilateral motor regions observed in our study. However, in
our cohort, fluoxetine was associated with a decrease in functional connectivity, suggesting a more
complex mechanism. Fluoxetine can modulate synaptic transmission through both excitatory and
inhibitory effects, and in our case, the reduction in connectivity may also reflect inhibitory potentiation
mediated by the GABAergic system.[63] Taken together, these findings indicate that fluoxetine may exert
targeted effects on brain regions impacted by stroke, particularly within the sensorimotor system. This
may account for our observation that fluoxetine influenced sensorimotor connectivity in a manner
distinct from the patterns typically reported in major depressive disorder. Our data therefore reinforce
the view that fluoxetine has stroke-specific actions that extend beyond its established role in treating
post-stroke depression, as proposed in earlier studies.[64,65]

Finally, the effect of fluoxetine-related changes in rsFC observed in our study is similar to that reported
with other post-stroke interventions. For instance, motor imagery therapy and robot-assisted
rehabilitation have been shown to decrease interhemispheric functional connectivity between
sensorimotor cortices.[66,67] Similarly, administration of modafinil has been associated with reduced FC
within the sensorimotor network and with a significant improvement in post-stroke fatigue.[48]

Impact of reduced interhemispheric functional connectivity after stroke

Page 12/33



Our findings indicate that fluoxetine was associated with a reduction in rsFC within the bilateral SMN,
particularly between the pre-CG, post-CG, SMA, and SPL. This reduction predominantly involved
interhemispheric connections, accounting for 70.6% of the identified links.

Following an initial decrease in interhemispheric rsFC during the acute phase, several studies have
reported a spontaneous increase in interhemispheric connectivity in stroke patients compared with
healthy controls.[56,57] This increase is often accompanied by an asymmetry of primary motor cortex
(M1) connectivity, favouring the contralesional hemisphere.[57] Such abnormal enhancement reflects a
reorganisation of brain activity in intact regions to compensate for areas with similar functions damaged
by the stroke.[14,68] Notably, specific interhemispheric connections have been associated with a more
favourable functional prognosis, including connectivity between the ipsilesional M1 and contralesional
SMA,[57] as well as connectivity involving the contralesional SPL.[56]

Nevertheless, persistent increases in interhemispheric connectivity may reflect the enduring
compensatory mechanism, potentially arising from irreversible connectivity damage within the
ipsilesional hemisphere. Such compensation could reflect maladaptive plasticity, hindering optimal
recovery through the affected hemisphere.[69] Consistent with this, persistent activation of contralateral
motor regions during movement of the paretic limb has been shown to enhance interhemispheric
inhibition from the healthy to the injured hemisphere, a phenomenon associated with poorer motor
recovery.[68,70] Similarly, recent evidence suggests that increased functional connectivity within the
healthy hemisphere correlates with greater residual deficits.[71] An increase in functional connectivity
within the ipsilesional sensorimotor network, particularly between M1 and the premotor region, has also
been associated with better subsequent recovery.[19,20] Park et al.[57] further reported that motor
recovery was accompanied by a secondary increase in ipsilesional functional connectivity, evident as
early as three months post-stroke, approaching levels observed in healthy individuals. Taken together,
these findings suggest that restoring ipsilesional activity through reduced interhemispheric connectivity
may be central to achieving better long-term motor recovery.

In our study, three months of fluoxetine treatment were associated with a reduction in interhemispheric
rsFC, suggesting reduced involvement of the healthy hemisphere in organising the SMN. This pattern
may reflect restoration of the interhemispheric inhibition-excitation balance, a mechanism previously
attributed to fluoxetine in animal models.[21] This interpretation is further supported by our earlier
findings showing that a single dose of fluoxetine in stroke patients was associated with increased
activation of the primary motor cortex during active movement of the affected limb.[25] The results of
our study may help explain why several previous reports have found fluoxetine to enhance motor
recovery after stroke.[5-7] Nevertheless, the post-stroke evolution of functional connectivity remains
incompletely understood with multiple, sometimes competing, theories, particularly concerning the role
and consequences of interhemispheric connectivity. One possibility is that the evolution of SMN
connectivity varies according to the patient’s initial stroke severity and the specific structures initially
affected.[72]
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Our study population was initially homogeneous regarding the neurological consequences of stroke, with
all participants meeting the inclusion criterion of severe neurological impairment and motor deficits.
Over the course of the study, all patients demonstrated clinical neurological improvement (as measured
by NIHSS) and gains in functional independence (as measured by mRS), with no significant differences
between groups. This outcome is unsurprising given the sample sizes typically used in other clinical
trials evaluating treatment efficacy.[5,9-11] Our study was not designed to assess the clinical efficacy of
the treatment, and the sample size was therefore insufficient to determine whether the observed rsFC
changes translate into clinical benefit. Nevertheless, Yu et al.[69] recently reviewed current evidence on
post-stroke functional connectivity. Their analysis supports the view that early increase in
interhemispheric connectivity may reflect diaschisis, serving to compensate for initial functional loss.
Over time, however, subsequent reductions in interhemispheric connectivity, together with recovery of
ipsilesional function, appear to be critical for achieving better long-term clinical outcomes.[69]

SMA and SPL connectivity in stroke recovery

While the preCG and postCG are the primary hubs of the SMN, responsible for voluntary motor execution
and somatosensory processing, respectively, the SMA and SPL also play key roles.

Owing to its extensive connections with cortical and subcortical structures, including the primary motor
cortex, the SMA supports the planning, coordination, and execution of complex motor actions.[73] The
SPL integrates and processes sensory inputs—particularly visual and hand-related information—and
contributes to the maintenance of working memory.[74]

In functional MRI studies of motor tasks in healthy individuals, the SMA and SPL are typically engaged
during the execution of complex motor actions.[75] In stroke patients, however, these regions are
recruited even for simple motor tasks.[76] Similar patterns have been reported in rsFC studies, showing
increased interactions between the core motor network and networks involved in sensory perception as
well as multimodal information integration.[77,78]

Stroke patients therefore appear to engage greater attentional resources than healthy individuals, likely
due to the need to integrate and process a larger volume of sensory information to accomplish even
simple tasks.[79] During the phase of secondary motor recovery, activation in these regions decreases,
[76] reflecting the re-establishment of a functional motor network that no longer demands such
extensive neural effort.

Brain activity at rest, as assessed for example through rsFC, entails substantial energy expenditure.[80] It
is therefore plausible that the compensatory mechanisms and increased interactions described above
impose an additional energetic cost. This may represent the cellular correlate of the heightened
attentional demands observed in the early phase after stroke. In our study, fluoxetine was associated
with reduced rsFC in bilateral SMA and SPL. Such a fluoxetine-induced reduction could reflect
pharmacological modulation aimed at lowering resting-state energy consumption. This is also
reminiscent of the results we had with chronic SSRI treatment where the decrease in fMRI activation in
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healthy subjects was correlated with an improvement in motor performance (Loubinoux Neurolmage
2005).

Based on the literature, two interpretations of our findings are possible: (1) fluoxetine may directly limit
the engagement of these regions in sensorimotor network reorganisation, thereby lowering brain energy
demands; (2) in light of fluoxetine previously reported effects on interhemispheric connectivity, the
observed reduction could instead indicate improved recovery of ipsilesional brain function.

DTl-based structural changes

DTI analysis revealed no deterioration in corpus callosum microstructure in the fluoxetine group,
whereas the placebo group exhibited signs of progressive damage, evidenced by increases in MD and
RD. Although interpretation is limited by the small sample size, these findings suggest that fluoxetine
preserve the microstructural integrity of interhemispheric connections between sensorimotor cortical
areas. Moreover, this supports the view that fluoxetine-induced changes in functional connectivity
strength primarily reflect pharmacological modulation of neuronal function, rather than confounding
effects of structural alterations.

Limitations

Although our study is, to our knowledge, the first to demonstrate the effect of fluoxetine on functional
connectivity after stroke, it has several limitations. The sample size was admittedly small, which may
have limited our ability to detect all possible effects of fluoxetine on rsFC changes in other brain regions.
Nonetheless, the fact that we observed a clear and targeted pharmacological effect on the sensorimotor
network suggests that this effect is robust. Previous work has shown that post-stroke changes in rsFC
can also involve the cerebellum, occipital cortex, and insular regions, areas related to visual, sensory and
salience information processing.[69] While we did not observe fluoxetine-related changes in these
networks, our study may have been underpowered to detect them. It is therefore possible that fluoxetine
could also enhance rsFC between regions where connectivity is initially reduced, as described in major
depressive disorder.[53] The action of fluoxetine may thus be more complex than our findings alone
suggest. Importantly, our analyses revealed a marked difference in rsFC evolution between groups,
involving brain regions distinct from those typically reported in previous studies.

Secondly, the small sample size prevented us from assessing correlations between fluoxetine-induced
rsFC changes and improvements in clinical scores. As a result, we cannot determine whether the
observed connectivity changes translate into clinical benefit. Our primary aim, however, was to
characterise fluoxetine’s effects on rsFC rather than to test clinical efficacy. In achieving this aim, we
provide mechanistic insights that may help resolve ongoing discrepancies in the literature regarding its
role in post-stroke motor recovery. Nevertheless, DTI results suggest a beneficial effect of fluoxetine.

Another limitation is that some patients had brainstem lesions. While their clinical presentation may
resemble that of middle cerebral artery strokes, the patterns of rsFC reorganisation could differ
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substantially. In such cases, alterations may involve not only cortical functional connectivity but also
cortico-subcortical networks.[81] Fluoxetine’s effects might also differ in this subgroup. However,
patients with subcortical lesions were evenly distributed across groups, and a sub-analysis excluding
them yielded comparable results (data not shown). These findings suggest that brainstem lesions had
no major influence on our conclusions.

Conclusion

Administration of fluoxetine for three months after ischaemic stroke with motor deficits was associated
with reduced rsFC within the bilateral sensorimotor network, particularly between the PreCG, PostCG,
SMA, and SPL. To our knowledge, this is the first report of fluoxetine effect on rsFC evolution after
stroke. Further studies in patients with substantial motor impairment are warranted to clarify its clinical
impact. Given its marked influence on functional connectivity, fluoxetine use could introduce bias in rsFC
studies. Future research should account for this by stratifying patients according to treatment status.

Declarations

Competing interests:

PG has received speaker honoraria from Sanofi, with no conflict of interest with the work presented. VF
has received travel grants from Abbott, Effik, Novartis, LFB, Sanofi, Alylam, Argenx, CSL Behring and
honoraria for lectures from Argenx, with no conflict of interest with the work presented. LC has received
honoraria from Bristol Myers Squibb and Pfizer, with no conflict of interest with the work presented. JMO
has been a consultant for Boehringer and Roche, with no conflict of interest with the work presented.
The other authors declare no known competing interests that could have influenced the work reported
in this manuscript.

Author contribution

PG: experimental activity, clinical and imaging data analysis, made figures, article writing; MBG:
conceptualization, experimental activity; VS: conceptualization, experimental activity; CT:
conceptualization, study coordination; BB: conceptualization, clinical data analysis; NA: experimental
activity, study coordination; VF: conceptualization, experimental activity; NR: conceptualization,
experimental activity; LC: conceptualization, experimental activity; JFA: conceptualization, experimental
activity; AV: conceptualization, experimental activity; LF: conceptualization, experimental activity; JMO:
conceptualization, experimental activity; FC: conceptualization, study coordination; IL: conceptualization,
experimental activity, study coordination, imaging data analysis, article writing.

All authors provided critical revision of the manuscript, participated in proofreading, and editing of the
manuscript.

Data availability

Page 16/33



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

Acknowledgements

We thank the Inserm/UPS UMR1214 Technical Platform for their help in setting up and for the
acquisitions of the MRI sequences. We thank Léa Desfarges from MéDatAS-CIC 1436 unit for data
management activities.

Funding information

RECONISE study was supported by the interregional Hospital Clinical Research Programme, French
Ministry of Labour, Health, and Solidarity (EudraCT number: 2015-001597-18).

Competing interests

PG has received speaker honoraria from Sanofi, with no conflict of interest with the work presented. VF
has received travel grants from Abbott, Effik, Novartis, LFB, Sanofi, Alylam, Argenx, CSL Behring and
honoraria for lectures from Argenx, with no conflict of interest with the work presented. LC has received
honoraria from Bristol Myers Squibb and Pfizer, with no conflict of interest with the work presented. JMO
has been a consultant for Boehringer and Roche, with no conflict of interest with the work presented.
The other authors declare no known competing interests that could have influenced the work reported
in this manuscript.

Ethics statement

RECONISE study was conducted in accordance with the principles of the Declaration of Helsinki and the
good clinical practice guidelines. It has been approved by the local independent ethics committee,
authorised by the French National Agency for the Safety of Medicines and Health Products (ANSM), and
all participants provided written informed consent. It is registered on ClinicalTrials.org under number
NCT02767999.

References

1. Feigin VL, Brainin M, Norrving B, Martins S, Sacco RL, Hacke W, Fisher M, Pandian J, Lindsay P
(2022) World Stroke Organization (WSO): Global Stroke Fact Sheet 2022. Int J Stroke 17:18-29.
https://doi.org/10.1177/17474930211065917

2. Wafa HA, Wolfe CDA, Emmett E, Roth GA, Johnson CO, Wang Y (2020) Burden of Stroke in Europe.
Stroke 51:2418-2427. https://doi.org/10.1161/strokeaha.120.029606

3. Sennfalt S, Norrving B, Petersson J, Ullberg T (2019) Long-Term Survival and Function After Stroke.
Stroke 50:53-61. https://doi.org/10.1161/strokeaha.118.022913

Page 17/33



4. Broeks JG, Lankhorst GJ, Rumping K, Prevo AJ (1999) The long-term outcome of arm function after
stroke: results of a follow-up study. Disabil Rehabil 21:357-64.
https://doi.org/10.1080/096382899297459

5. Chollet F, Tardy J, Albucher J-F, Thalamas C, Berard E, Lamy C, Bejot Y, Deltour S, Jaillard A, Niclot P,
Guillon B, Moulin T, Marque P, Pariente J, Arnaud C, Loubinoux I (2011) Fluoxetine for motor recovery
after acute ischaemic stroke (FLAME): a randomised placebo-controlled trial. The Lancet Neurology
10:123-130. https://doi.org/10.1016/s1474-4422(10)70314-8

6. Kalbouneh HM, Toubasi AA, Albustanji FH, Obaid YY, Al-Harasis LM (2022) Safety and Efficacy of
SSRIs in Improving Poststroke Recovery: A Systematic Review and Meta-Analysis. Journal of the
American Heart Association 11:https://doi.org/10.1161/jaha.122.025868

7.Su N, Wen C, Guo S, Yu Y, Wang C (2021) The Efficacy and Tolerability of Selective Serotonin
Reuptake Inhibitors for Motor Recovery in Non-depressed Patients After Acute Stroke: A Meta-
Analysis. Front Neurol 12:https://doi.org/10.3389/fneur.2021.749322

8. Liu G, Yang X, Xue T, Chen S, Wu X, Yan Z, Wang Z, Wu D, Chen Z, Wang Z (2021) Is Fluoxetine Good
for Subacute Stroke? A Meta-Analysis Evidenced From Randomized Controlled Trials. Front Neurol
12:633781. https://doi.org/10.3389/fneur.2021.633781

9. Lundstrom E, Isaksson E, Nasman P, Wester P, Martensson B, Norrving B, Wallén H, Borg J, Dennis
M, Mead G, Hankey GJ, Hackett ML, Sunnerhagen KS (2020) Safety and efficacy of fluoxetine on
functional recovery after acute stroke (EFFECTS): a randomised, double-blind, placebo-controlled
trial. The Lancet Neurology 19:661-669. https://doi.org/10.1016/s1474-4422(20)30219-2

10. Collaboration AT (2020) Safety and efficacy of fluoxetine on functional outcome after acute stroke
(AFFINITY): a randomised, double-blind, placebo-controlled trial. Lancet Neurol 19:651-660.
https://doi.org/10.1016/S1474-4422(20)30207-6

11. Dennis M, Mead G, Forbes J, Graham C, Hackett M, Hankey GJ, House A, Lewis S, Lundstrom E,
Sandercock P, Innes K, Williams C, Drever J, McGrath A, Deary A, Fraser R, Anderson R, Walker P,
Perry D, McGill C, Buchanan D, Chun Y, Dinsmore L, Maschauer E, Barugh A, Mikhail S, Blair G,
Hoeritzauer |, Scott M, Fraser G, Lawrence K, Shaw A, Williamson J, Burgess D, Macleod M, Morales
D, Sullivan F, Brady M, French R, Van Wijck F, Watkins C, Proudfoot F, Skwarski J, McGowan D,
Murphy R, Burgess S, Rutherford W, McCormick K, Buchan R, Macraild A, Paulton R, Fazal A, Taylor P,
Parakramawansha R, Hunter N, Perry J, Bamford J, Waugh D, Veraque E, Bedford C, Kambafwile M,
Idrovo L, Makawa L, Smalley P, Randall M, Thirugnana-Chandran T, Hassan A, Vowden R, Jackson J,
Bhalla A, Rudd A, Tam CK, Birns J, Gibbs C, Lee Carbon L, Cattermole E, Marks K, Cape A, Hurley L,
Kullane S, Smyth N, Eglinton C, Wilson J, Giallombardo E, Frith A, Reidy P, Pitt M, Sykes L, Dellafera D,
Croome V, Kerwood L, Hancevic M, Narh C, Merritt C, Duffy J, Cooke D, Willson J, Ali A, Naqvi A,
Kamara C, Bowler H, Bell S, Jackson T, Harkness K, Stocks K, Duty S, Doyle C, Dunn G, Endean K,
Claydon F, Richards E, Howe J, Lindert R, Majid A, Dakin K, Maatouk A, Barron L, Meegada M, Rana P,
Nair A, Brighouse-Johnson C, Greig J, Kyu M, Prasad S, Robinson M, Alam |, McLean B, Greenhalgh L,
Ahmed Z, Roffe C, Brammer S, Beardmore C, Finney K, Barry A, Hollinshead P, Grocott J, Maguire H,
Natarajan |, Chembala J, Sanyal R, Lijko S, Abano N, Remegoso A, Ferdinand P, Stevens S, Varquez R,

Page 18/33



Causley C, Butler A, Whitmore P, Stephen C, Carpio R, Hiden J, Muddegowda G, Denic H, Sword J,
Curwen R, James M, Mudd P, Hall F, Cageao J, Keenan S, Roughan C, Kingwell H, Hemsley A, Lohan
C, Davenport S, Bowring A, Chapter T, Hough M, Strain D, Gupwell K, Miller K, Goff A, Cusack E, Todd
S, Partridge R, Jennings G, Thorpe K, Stephenson J, Littlewood K, Barber M, Brodie F, Marshall S,
Esson D, Coburn I, Mclnnes C, Ross F, Bowie E, Barcroft H, Withers V, Miller L, Willcoxson P
Donninson M, Evans R, Daniel D, Coyle J, Keeling M, Wanklyn P, Elliott M, Wightman J, lveson E, Dyer
N, Porteous A-M, Haritakis M, Ward M, Doughty L, Carr L, O Neill M, Anazodo C, Wood P, Cottrell P,
Donne C, Rodriguez R, Mir R, Westmoreland J, Bell J, Emms C, Wright L, Clark Brown P, Bamford E,
Stanners A, Carpenter M, Datta P, Davey R, Needle A, Eastwood MJ, Razik FZ, Ghouri |, Bateman G,
Archer J, Balasubramanian V, Bowers R, Ball J, Benton L, Jackson L, Ellam J, Norton K, Guyler P,
Dowling T, Tysoe S, Harman P, Kundu A, Omodunbi O, Loganathan T, Chandler S, Noor S, Siddiqui A,
Siddiqui A, Kunhunny S, Sinha D, Sheppard M, Rashmi S, France E, Orath Prabakaran R, Wilson L,
Ropun A, Kelavkar S, Ng KX, Kamuriwo L, Shah S, Mangion D, Constantin C, De Michele Hock L,
Hardwick A, Borley J, Markova S, Netherton K, Lawrence T, Fletcher J, Spencer R, Palmer H, Cullen C,
Hamill D, Durairaj R, Mellor Z, Fluskey T, Wood D, Keeling A, Hankin V, Peters J, Shackcloth D, Hlaing
T, Tangney R, Ewing J, Harrison M, Stevenson S, Sutton V, Soliman M, Hindle J, Watson E, Hewitt C,
Borley J, Butler S, Wahishi |, Arif S, Fields A, Sharma J, Brown R, Taylor C, Bell S, Leach S, Patterson
C, Khan S, Wilson H, Price J, Ramadan H, Maguire S, Bellfield R, Hooley M, Hamid U, Gaba W, Ghulam
R, Masters L, Quinn O, Sekaran L, Tate M, Mohammed N, Bharaj K, Justin F, Pattni R, Alwis L,
Sethuraman S, Robinson R, Eldridge L, Mintias S, Chauhan M, Tam C-K, Palmones J, Holmes C,
Guthrie LB, Osborn M, Ball L, Caine S, Steele A, Murphy P, Devitt N, Leonard J, Patel R, Penwarden |,
Dodd E, Holloway A, Baker P, Clarke S, Williams S, Dow L, Wynn-Williams R, Kennedy J, Teal R, Schulz
U, Ford G, Mathieson P, Reckless |, Deveciana A, McCann P, Cluckie G, Howell G, Ayer J, Moynihan B,
Ghatala R, Clarke B, Cloud G, Patel B, Khan U, Al-Samarrai N, Trippier S, Chopra N, Adedoyin T,
Watson F, Jones V, Zhang L, Choy L, Williams R, Clarke N, Blight A, Kennedy K, Dainty A, Selvarajah J,
Kalladka D, Cheripelli B, Smith W, Moreton F, Welch A, Huang X, Douglas E, Lush A, Day N, El Tawil S,
Montgomery K, Hamilton H, Ritchie D, Ramachandra S, McLeish K, Thavanesan K, Loganathan S,
Roberts J, Cox C, Orr S, Hogan A, Tiwari D, Hann G, Longland B, David O, Bell J, Ovington C, Rogers E,
Bower R, Keltos M, Cohen D, Devine J, Alwis L, Southworth L, Burgess L, Lang M, Badiani B, Guo F,
Oshodi A, Owoyele E, Epie N, David A, Mpelembue M, Bathula R, Abdul-Saheb M, Chamberlain A,
Sudkeo V, Rashed K, Wood D, Williams-Yesson B, Board J, De Bruijn S, Buckley C, Board S, Allison J,
Keeling E, Duckett T, Donaldson D, Vickers C, Barron C, Balian L, Wilson J, Edwards A, England T,
Hedstrom A, Bedford E, Harper M, Melikyan E, Abbott W, Subramanian K, Goldsworthy M, Srinivasan
M, Yeomans A, Donaldson D, Hurford F, Chapman R, Shahzad S, David O, Motherwell N, Tonks L,
Young R, Ghani U, Mukherjee |, Dutta D, Obaid M, Brown P, Davis F, Ward D, Turfrey J, Cartwright B,
Topia B, Spurway J, Collins K, Bakawala R, Hughes C, Oconnell S, Hill L, Chatterjee K, Webster T,
Haider S, Rushworth P, Macleod F, Nallasivan A, Perkins C, Burns E, Leason S, Carter T, Seagrave S,
Sami E, Armstrong L, Naqvi SN, Hassan M, Parkinson S, Mawer S, Darnbrook G, Booth C, Hairsine B,
Smith M, Williamson S, Farquhar F, Esisi B, Cassidy T, Mankin G, McClelland B, Bokhari M, Sproates
D, Epstein E, Hurdowar S, Blackburn R, Sukhdeep N, Razak S, Osman K, Hashmi A, Upton N,

Page 19/33



Harrington F, Courtauld G, Schofield C, Lucas L, Adie K, Bond K, Mate A, Skewes J, James A, Brodie
C, Johnson M, Allsop L, Driver E, Harris K, Drake M, Ellis S, Maund B, Thomas E, Moore K, Burn M,
Hamilton A, Mahalingam S, Misra A, Reid F, Benford A, Hilton D, Hazell L, Ofori K, Thomas AL,
Mathew M, Dayal S, Burn |, Fotherby K, Jennings-Preece K, Willberry A, Morgan D, Butler D, Sahota G,
Kauldhar K, Ahmad N, Stevens A, Das S, Bruce D, Pai Y, Nyo K, Stephenson L, Nendick R, Rogers G,
Dhakal M, Dima S, Brown E, Clayton S, Gamble P, Naeem M, Hayman R, Burnip R, Earnshaw P,
Hargroves D, Ransom B, Rudenko H, Balogun |, Griffiths K, Mears K, Webb T, Cowie L, Hammond T,
Thomson A, Ceccarelli D, Chattha N, Beranova E, Verrion A, Gillian A, Schumacher N, Bahk A, Walker
S, Cvoro V, McCormick K, Chapman N, Pound S, Cain R, McAuley S, Couser M, Simpson M, Tachtatzis
A, Ullah K, Sims D, Jones R, Smith J, Tongue R, Willmot M, Sutton C, Littleton E, Khaira J, Maiden S,
Cunningham J, Green C, Chin Y-M, Bates M, Ahlquist K, Kane |, Breeds J, Sargent T, Latter L, Pitt Ford
A, Gainsborough N, Levett T, Thompson P, Barbon E, Dunne A, Hervey S, Ragab S, Sandell T, Dickson
C, Dube J, Power S, Evans N, Wadams B, Elitova S, Aubrey B, Garcia T, Mcllmoyle J, Jeffs C,
Dickinson C, Ahmed A, Kumar S, Frudd J, Armer C, Potter A, Donaldson S, Howard J, Jones K, Dhar S,
Collas D, Sundayi S, Denham L, Oza D, Walker E, Cunningham J, Bhandari M, Ispoglou S, Evans R,
Sharobeem K, Walton E, Shanu S, Hayes A, Howard-Brown J, Billingham S, Weir N, Pressly V, Wood E,
Sykes L, Howard G, Burton H, Crawford P, Egerton S, Evans S, Hakkak J, Andrews J, Lampard R, Allen
C, Walters A, Said R, Marigold JR, Tsang S-M, Creeden R, Cox C, Smith S, Gartrell |, Smith F, Jenkins
C, Pryor J, Hedges A, Price F, Moseley L, Mercer L, Hughes C, McGowan D, Azim A, White J,
Krasinska-Chavez M, Chaplin S, Curtis J, Singh D, Imam J, Nicolson A, Alam S, Whitworth S, Wood L,
Warburton E, Kelly S, McGee J, Markus H, Chandrasena D, Hayden D, Sesay J, Hayhoe H, Bolton M,
Macdonald J, Mitchell J, Farron C, Amis E, Day D, Culbert A, Espanol A, Hannon N, Handley D, Finlay
S, Crisp S, Whitehead L, Francis J, Oconnell J, Osborne E, Beard R, Krishnamurthy R, Mokoena L,
Sattar N, Myint M, Edwards M, Smith A, Corrigan P, Byrne A, Blackburn J, McGhee C, Smart A,
Macleod M, Donaldson F, Copeland C, Wilson J, Scott R, Fitzsimmons P, Lopez P, Wilkinson M, Manoj
A, Cox P, Trainor L, Fletcher G, Denny L, Kavanagh K, Allsop H, Emsley H, Sultan S, McLoughlin A,
Walmsley B, Hough L, Ahmed S, Doyle D, Gregary B, Raj S, Nagaratnam K, Mannava N, Haque N,
Shields N, Preston K, Mason G, Short K, Lumsdale G, Uitenbosch G, Sukys U, Valentine S, Jarrett D,
Dodsworth K, Wands M, Khan N, Tandy J, Watkinson C, Golding W, Butler R, Williams M, Davies Y, Yip
K, James C, Suttling A, Maney A, Gamble GE, Hague A, Charles B, Blane S, Duran B, Lambert C, Stagg
K, Whiting R, Homan JE, Brown S, Hussain M, Harvey M, Graham L, Foote L, Lane C, Kemp L, Rowe J,
Durman H, Foot J, Brotherton L, Hunt N, Pawley C, Whitcher A, Sutton P, McDonald S, Pak D, Wiltshire
A, Jagger J, Metcalf AK, Healey GL, Balami J, Self CM, Crofts M, Chakrabarti A, Hmu C, Ravenhill G,
Grimmer C, Soe T, Keshet-Price J, Langley M, Potter |, Tam P-L, Macleod MJ, Cooper P, Christie M,
Irvine J, Annison F, Christie D, Meneses C, Johnson A, Joyson A, Nelson S, Taylor V, Reid J, Clarke R,
Furnace J, Gow H, Abousleiman Y, Beadling T, Collins S, Jones S, Purcell J, Bloom S, Goshawk S,
Landicho M, Sangaralingham S, Begum Y, Mutton S, Munuswamy Vaiyapuri E, Allen J, Lowe J,
Hughes M, Wiggam |, Cuddy S, Tauro S, Wells B, Mohd Nor A, Eglinton C, Persad N, Kalita M,
Weatherby S, Brown C, Pace A, Lashley D, Marner M, Weinling M, Wilmshurst N, Waugh D, Mucha A,
Shah A, Baker J, Westcott J, Cowan R, Vasileiadis E, Mumani S, Parry A, Mason C, Holden M,

Page 20/33



Petrides K, Nishiyama T, Mehta H, Krishnan M, Lynne D, Thomas L, Lynda C, Hughes C, Clements C,
Williams R, Anjum T, Sharon S, Tucker S, Jones P, Colwill D, Thompson Jones H, Chadha D,
Fairweather M, Walstow D, Fong R, Johnston S, Almadenboyle C, Ross S, Carson S, Nair P, Tenbruck
E, Stirling M, Pusalkar A, Beadle H, Chan K, Dangri P, Asokanathan A, Rana A, Gohil S, Massyn M,
Aruldoss P, Cook A, Crabtree K, Dabbagh S, Black T, Clarke C, Mead D, Fennelly R, Anthony A,
Nardone L, Dimartino V, Tribbeck M, Broughton D, Tryambake D, Dixon L, Skotnicka A, Thompson J,
Whitehouse S, Sigsworth A, Wong J, Annamalai A, Pagan J, Affley B, Sunderland C, Goldenberg L,
Khan A, Wilkinson P, Nari R, Abbott L, Young E, Shakhon A, Lock S, Stewart J, Pereira R, Dsouza M,
Dunn S, McKenna A-M, Cron N, Kidd M, Hull G, Bunworth K, Drummond G, Mahawish K, Hayes N,
Connell L, Simpson J, Penney H, Punekar S, Nevinson J, Wareing W, Ward J, Greenwood R, Austin D,
Banaras A, Hogan C, Corbett T, Oji N, Elliott E, Brezitski M, Passeron N, Howaniec L, Watchurst C,
Patel K, Erande R, Shah R, Sengupta N, Metiu M, Gonzalez C, Funnell S, Margalef J, Peters G,
Chadbourn |, Sivakumar R, Saksena R, Ketley-O'Donel J, Needle R, Chinery E, Wright A, Cook S, Ngeh
J, Proeschel H, Cook P, Ashcroft P, Sharpe S, Jones S, Jenkinson D, Kelly D, Bray H, Gunathilagan G,
Griffiths K, Mears K, Gillian A, Jones S, Tilbey S, Abubakar S, Beranova E, Vassallo J, Leonard D, Orrell
L, Hasan A, Khan A, Qamar S, Graham S, Hewitt E, Awolesi J, Haque M, Kent A, Bradshaw E, Cooper
M, Wynter |, Rajapakse A, Janbieh J, Nasar AM, Wade L, Otter L, Haigh S, Burgoyne J-R, Boulton R,
Boulton A, Rayessa R, Clarkson E, Rhian H, Fleming A, Mitchelson K, Lowthorpe V, Abdul-Hamid A,
Jones P, Duggan C, Hynes A, Nurse E, Raza SA, Jones S, Pallikona U, Edwards B, Morgan G, Dennett
K, Tench H, Loosley R, Trugeon-Smith T, Jones R, Williams R, Robson D, Mavinamane S,
Meenakshisundaram S, Ranga L, Dealing S, Hill A, Hargreaves M, Smith T, Bate J, Harrison L,
Kirthivasan R, Cannon E, Topliffe J, Keskeys R, Williams S, McNeela F, Cairns F, James T, Lyle A, Shah
S, Zachariah G, Fergey L, Smolen S, Cooper L, Bohannan E, Omer S, Amlani S, Hunter N, Hawkes-
Blackburn M, Gulli G, Peacocke A, Amero J, Burova M, Speirs O, Levy S, Francis L, Holland S,
Brotheridge S, Lyon H, Hare C, Jackson S, Stephenson L, Al Hussayni S, Featherstone J, Bwalya A,
Singh A, Goorah MN, Walford J, Bell A, Kelly C, Rusk D, Sutton D, Patel F, Duberley S, Hayes K, Hunt L,
El Nour A, Cottrell B, Westmoreland J, Honour S, Box C, Wood P, Haritakis M, Dyer S, Brown L, Elliott
K, Temlett E, Paterson J, Furness R, Young S, Orugun E, Brewer C, Thornthwaite S, Crowther H, Glover
R, Sein M, Haque K, Gibson E, Wong S, Rotchell K, Burton K, Brookes L, Bailey L, Leonard D, Lindley C,
Murray A, Waltho K, Holland M, Kumar P, Harlekar P, Booth L, Culmsee C, Drew J, Khan M, Mackenzie
N, Thomas C, Ritchie J, Barker J, Haley M, Cotterill D, Lane L, Little C, Simmons D, Saunders G,
Dymond H, Kidd S, Warinton R, Neves-Silva Y, Nevajda B, Villaruel M, Umasankar U, Patel S, Man A,
Christmas N, Rangasamy R, Ladner R, Butt G, Alvares W, Gadi N, Power M, Wroath B, Dynan K, Wilson
D, Crothers S, Leonard C, Hagan S, Douris G, Vahidassr D, Thompson A, Gallen B, McKenna S,
Edwards C, McGoldrick C, Bhattad M, Kawafi K, Morse D, Jacob P, Turner L, Saravanan N, Johnson L,
Humphrey S, Namushi R, Patel R, McLaughlin J, Omahony P, Osikominu E, Orefo C, McDonald C,
Jones V, Makanju E, Khan T, Appiatse G, Stone H, Augustin M, Wardale A, Salehin M, Bailey D, Garcia-
Alen L, Kalathil L, Tinsley S, Jones T, Amor K, Ritchings A, Margerum E, Horton J, Miller R, Gautam N,
Meir J, Jones A, Putteril J, Lepore M, Makaniju E, Gallifent R, Arundell L-L, McRedmond C, Goulding A,
Nadarajan V, Laurence J, Fung Lo S, Melander S, Nicholas P, Woodford E, McKenzie G, Le V, Crause J,

Page 21/33



12.

13.

14.

15.

16.

17.

18.

19

20.

21.

Luder R, Bhargava M, Shah R, Bhome G, Johnson VV, Chesser D, Bridger H, Murali E, Scott J,
Morrison S, Burns A, Graham J, Duffy M, Ali K, Sargent T, Pitcher E, Gaylard J, Newman J, Punnoose
S, Besley S, Purohit K, Rees A, Davy M, Chohan O, Khan MF, Walker R, Murray V, Bent C, Oakley S,
Blight A, Peixoto C, Jones S, Livingstone G, Butler F, Bradfield S, Gordon L, Schmit J, Wijewardane A,
Edmunds T, Wills R, Medcalf C, Argandona L, Cuenoud L, Hassan H, Erumere E, Ocallaghan A,
Gompertz P, Redjep O, Auld G, Howaniec L, Song A, Tarkas T, Kabash H, Hungwe R (2019) Effects of
fluoxetine on functional outcomes after acute stroke (FOCUS): a pragmatic, double-blind,
randomised, controlled trial. The Lancet 393:265-274. https://doi.org/10.1016/s0140-
6736(18)32823-x

Duncan PW, Goldstein LB, Matchar D, Divine GW, Feussner J (1992) Measurement of motor recovery
after stroke. Outcome assessment and sample size requirements. Stroke 23:1084-1089.
https://doi.org/10.1161/01.str.23.8.1084

Jones TA, Adkins DL (2015) Motor System Reorganization After Stroke: Stimulating and Training
Toward Perfection. Physiology 30:358-370. https://doi.org/10.1152/physiol.00014.2015

Carrera E, Tononi G (2014) Diaschisis: past, present, future. Brain 137:2408-2422.
https://doi.org/10.1093/brain/awu101

Gordon EM, Laumann TO, Adeyemo B, Huckins JF, Kelley WM, Petersen SE (2016) Generation and
Evaluation of a Cortical Area Parcellation from Resting-State Correlations. Cereb Cortex 26:288-303.
https://doi.org/10.1093/cercor/bhu239

Friston KJ (2011) Functional and Effective Connectivity: A Review. Brain Connect 1:13-36.
https://doi.org/10.1089/brain.2011.0008

Doucet G, Naveau M, Petit L, Delcroix N, Zago L, Crivello F, Jobard G, Tzourio-Mazoyer N, Mazoyer B,
Mellet E, Joliot M (2011) Brain activity at rest: a multiscale hierarchical functional organization. J
Neurophysiol 105:2753-2763. https://doi.org/10.1152/jn.00895.2010

Baldassarre A, Ramsey L, Rengachary J, Zinn K, Siegel JS, Metcalf NV, Strube MJ, Snyder AZ,
Corbetta M, Shulman GL (2016) Dissociated functional connectivity profiles for motor and attention
deficits in acute right-hemisphere stroke. Brain 139:2024-2038.
https://doi.org/10.1093/brain/aww107

. Tang C-W, Zich C, Quinn AJ, Woolrich MW, Hsu S-P, Juan C-H, Lee IH, Stagg CJ (2023) Post-stroke

upper limb recovery is correlated with dynamic resting-state network connectivity. Brain
Communications 6:https://doi.org/10.1093/braincomms/fcae011

Wu J, Quinlan EB, Dodakian L, McKenzie A, Kathuria N, Zhou RJ, Augsburger R, See J, Le VH,
Srinivasan R, Cramer SC (2015) Connectivity measures are robust biomarkers of cortical function
and plasticity after stroke. Brain 138:2359-2369. https://doi.org/10.1093/brain/awv156

Schneider CL, Majewska AK, Busza A, Williams ZR, Mahon BZ, Sahin B (2021) Selective serotonin
reuptake inhibitors for functional recovery after stroke: similarities with the critical period and the
role of experience-dependent plasticity. J Neurol 268:1203-1209. https://doi.org/10.1007/s00415-
019-09480-0

Page 22/33



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Gerdelat-Mas A, Loubinoux |, Tombari D, Rascol O, Chollet F, Simonetta-Moreau M (2005) Chronic
administration of selective serotonin reuptake inhibitor (SSRI) paroxetine modulates human motor
cortex excitability in healthy subjects. Neuroimage 27:314-322.
https://doi.org/10.1016/j.neurocimage.2005.05.009

He Y, Zhang H, Deng J, Cai Z, Gu M, Zhao C, Guo Y (2021) The functions of fluoxetine and
identification of fluoxetine-mediated circular RNAs and messenger RNAs in cerebral ischemic
stroke. Bioengineered 12:2364-2376. https://doi.org/10.1080/21655979.2021.1935403

Li L, Su YA, Wu YK, Castellanos FX, Li K, Li JT, Si TM, Yan CG (2021) Eight-week antidepressant
treatment reduces functional connectivity in first-episode drug-naive patients with major depressive
disorder. Hum Brain Mapp 42:2593-2605. https://doi.org/10.1002/hbm.25391

Pariente J, Loubinoux |, Carel C, Albucher JF, Leger A, Manelfe C, Rascol O, Chollet F (2001)
Fluoxetine modulates motor performance and cerebral activation of patients recovering from stroke.
Ann Neurol 50:718-729. https://doi.org/10.1002/ana.1257

Schaefer A, Burmann |, Regenthal R, Arélin K, Barth C, Pampel A, Villringer A, Daniel, Sacher J (2014)
Serotonergic Modulation of Intrinsic Functional Connectivity. Curr Biol 24:2314-2318.
https://doi.org/10.1016/j.cub.2014.08.024

Whitfield-Gabrieli S, Nieto-Castanon A (2012) Conn: A Functional Connectivity Toolbox for Correlated
and Anticorrelated Brain Networks. Brain Connect 2:125-141.
https://doi.org/10.1089/brain.2012.0073

Crinion J, Ashburner J, Leff A, Brett M, Price C, Friston K (2007) Spatial normalization of lesioned
brains: Performance evaluation and impact on fMRI analyses. Neuroimage 37:866-875.
https://doi.org/10.1016/j.neuroimage.2007.04.065

Nieto-Castanon A (2020) Handbook of functional connectivity Magnetic Resonance Imaging
methods in CONN. Journal https://doi.org/https://doi.org/10.56441/hilbertpress.2207.6598
Andersson JLR, Hutton C, Ashburner J, Turner R, Friston K (2001) Modeling Geometric Deformations
in EPI Time Series. Neuroimage 13:903-919. https://doi.org/10.1006/nimg.2001.0746

Sladky R, Friston KJ, Trostl J, Cunnington R, Moser E, Windischberger C (2011) Slice-timing effects
and their correction in functional MRI. Neuroimage 58:588-594.
https://doi.org/10.1016/j.neurcimage.2011.06.078

Calhoun VD, Wager TD, Krishnan A, Rosch KS, Seymour KE, Nebel MB, Mostofsky SH, Nyalakanai P,
Kiehl K (2017) The impact of T1 versus EPI spatial normalization templates for fMRI data analyses.
Hum Brain Mapp 38:5331-5342. https://doi.org/10.1002/hbm.23737

Ashburner J (2007) A fast diffeomorphic image registration algorithm. Neuroimage 38:95-113.
https://doi.org/10.1016/j.neurcimage.2007.07.007

Ashburner J, Friston KJ (2005) Unified segmentation. Neuroimage 26:839-851.
https://doi.org/10.1016/j.neurcimage.2005.02.018

Friston KJ, Williams S, Howard R, Frackowiak RSJ, Turner R (1996) Movement-Related effects in
fMRI time-series. Magn Reson Med 35:346-355. https://doi.org/10.1002/mrm.1910350312

Page 23/33



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Hallquist MN, Hwang K, Luna B (2013) The nuisance of nuisance regression: Spectral
misspecification in a common approach to resting-state fMRI preprocessing reintroduces noise and
obscures functional connectivity. Neuroimage 82:208-225.
https://doi.org/10.1016/j.neuroimage.2013.05.116

Chai XJ, Castafion AN, Ongir D, Whitfield-Gabrieli S (2012) Anticorrelations in resting state networks
without global signal regression. Neuroimage 59:1420-1428.
https://doi.org/10.1016/j.neurcimage.2011.08.048

Behzadi Y, Restom K, Liau J, Liu TT (2007) A component based noise correction method (CompCor)
for BOLD and perfusion based fMRI. Neuroimage 37:90-101.
https://doi.org/10.1016/j.neuroimage.2007.04.042

Desikan RS, Ségonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D, Buckner RL, Dale AM, Maguire
RP, Hyman BT, Albert MS, Killiany RJ (2006) An automated labeling system for subdividing the
human cerebral cortex on MRI scans into gyral based regions of interest. Neuroimage 31:968-980.
https://doi.org/10.1016/j.neuroimage.2006.01.021

Smith S, Nichols T (2009) Threshold-free cluster enhancement: Addressing problems of smoothing,
threshold dependence and localisation in cluster inference. Neuroimage 44:83-98.
https://doi.org/10.1016/j.neuroimage.2008.03.061

Bar-Joseph Z, Gifford DK, Jaakkola TS (2001) Fast optimal leaf ordering for hierarchical clustering.
Bioinformatics 17:S22-S29. https://doi.org/10.1093/bioinformatics/17.suppl_1.s22

Yeh FC, Panesar S, Fernandes D, Meola A, Yoshino M, Fernandez-Miranda JC, Vettel JM, Verstynen T
(2018) Population-averaged atlas of the macroscale human structural connectome and its network
topology. Neuroimage 178:57-68. https://doi.org/10.1016/j.neuroimage.2018.05.027

Yushkevich PA, Piven J, Hazlett HC, Smith RG, Ho S, Gee JC, Gerig G (2006) User-guided 3D active
contour segmentation of anatomical structures: Significantly improved efficiency and reliability.
Neuroimage 31:1116-1128. https://doi.org/10.1016/j.neuroimage.2006.01.015

Rorden C, Brett M (2000) Stereotaxic Display of Brain Lesions. Behav Neurol 12:191-200.
https://doi.org/10.1155/2000/421719

Hua K, Zhang J, Wakana S, Jiang H, Li X, Reich DS, Calabresi PA, Pekar JJ, Van Zijl PCM, Mori S
(2008) Tract probability maps in stereotaxic spaces: Analyses of white matter anatomy and tract-
specific quantification. Neuroimage 39:336-347. https://doi.org/10.1016/j.neuroimage.2007.07.053
Wakana S, Caprihan A, Panzenboeck MM, Fallon JH, Perry M, Gollub RL, Hua K, Zhang J, Jiang H,
Dubey P, Blitz A, Van Zijl P, Mori S (2007) Reproducibility of quantitative tractography methods
applied to cerebral white matter. Neuroimage 36:630-644.
https://doi.org/10.1016/j.neuroimage.2007.02.049

S. Mori SW, L.M. Nagae-Poetscher, and P.C.M. van Zijl. (2005) MRI Atlas of Human White Matter.
Journal

Visser MM, Goodin P, Parsons MW, Lillicrap T, Spratt NJ, Levi CR, Bivard A (2019) Modafinil
treatment modulates functional connectivity in stroke survivors with severe fatigue. Sci Rep

Page 24/33



49.

50.
o1.

52.

93.

o4.

99.

56.

57.

58.

99.

60.

9:https://doi.org/10.1038/s41598-019-46149-0

Lin Z-C, Tao J, Gao Y-L, Yin D-Z, Chen AZ, Chen L-D (2014) Analysis of central mechanism of
cognitive training on cognitive impairment after stroke: Resting-state functional magnetic resonance
imaging study. J Int Med Res 42:659-668. https://doi.org/10.1177/0300060513505809

RStudio: Integrated Development Environment for R. Posit Software, PBC; 2023. http://www.posit.co/

Delaveau P, Jabourian M, Lemogne C, Guionnet S, Bergouignan L, Fossati P (2011) Brain effects of
antidepressants in major depression: a meta-analysis of emotional processing studies. J Affect
Disord 130:66-74. https://doi.org/10.1016/j.jad.2010.09.032

Cui J, Wang Y, Liu R, Chen X, Zhang Z, Feng Y, Zhou J, Zhou Y, Wang G (2021) Effects of escitalopram
therapy on resting-state functional connectivity of subsystems of the default mode network in
unmedicated patients with major depressive disorder. Translational Psychiatry
11:https://doi.org/10.1038/s41398-021-01754-4

Zhang S, Zhou J, Cui J, Zhang Z, Liu R, Feng Y, Feng L, Wang Y, Chen X, Wu H, Jin Y, Zhou Y, Wang G
(2023) Effects of 12-week escitalopram treatment on resting-state functional connectivity of large-
scale brain networks in major depressive disorder. Hum Brain Mapp 44:2572-2584.
https://doi.org/10.1002/hbm.26231

Wang Y, Bernanke J, Peterson BS, McGrath P, Stewart J, Chen Y, Lee S, Wall M, Bastidas V, Hong S,
Rutherford BR, Hellerstein DJ, Posner J (2019) The association between antidepressant treatment
and brain connectivity in two double-blind, placebo-controlled clinical trials: a treatment mechanism
study. The Lancet Psychiatry 6:667-674. https://doi.org/10.1016/s2215-0366(19)30179-8

van Wingen GA, Tendolkar I, Urner M, van Marle HJ, Denys D, Verkes RJ, Fernandez G (2014) Short-
term antidepressant administration reduces default mode and task-positive network connectivity in
healthy individuals during rest. Neuroimage 88:47-53.
https://doi.org/10.1016/j.neurcimage.2013.11.022

Zhang Y, Wang L, Yang J, Yan R, Zhang J, Sang L, Li P, Liu H, Qiu M (2017) Abnormal functional
networks in resting-state of the sub-cortical chronic stroke patients with hemiplegia. Brain Res
1663:51-58. https://doi.org/10.1016/j.brainres.2017.02.012

Park C-H, Chang WH, Ohn SH, Kim ST, Bang OY, Pascual-Leone A, Kim Y-H (2011) Longitudinal
Changes of Resting-State Functional Connectivity During Motor Recovery After Stroke. Stroke
42:1357-1362. https://doi.org/10.1161/strokeaha.110.596155

Espinera AR, Ogle ME, Gu X, Wei L (2013) Citalopram enhances neurovascular regeneration and
sensorimotor functional recovery after ischemic stroke in mice. Neuroscience 247:1-11.
https://doi.org/10.1016/j.neuroscience.2013.04.011

Siracusa C, Sabatino J, Leo |, Eyileten C, Postuta M, De Rosa S (2023) Circular RNAs in Ischemic
Stroke: Biological Role and Experimental Models. Biomolecules 13:214.
https://doi.org/10.3390/biom13020214

Zahrai A, Vahid-Ansari F, Daigle M, Albert PR (2020) Fluoxetine-induced recovery of serotonin and
norepinephrine projections in a mouse model of post-stroke depression. Transl Psychiatry 10:334.

Page 25/33



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

https://doi.org/10.1038/s41398-020-01008-9

Alves PN, Nozais V, Hansen JY, Corbetta M, Nachev P, Martins IP, Thiebaut de Schotten M (2025)
Neurotransmitters' white matter mapping unveils the neurochemical fingerprints of stroke. Nat
Commun 16:2555. https://doi.org/10.1038/s41467-025-57680-2

Hansen JY, Shafiei G, Markello RD, Smart K, Cox SML, Norgaard M, Beliveau V, Wu Y, Gallezot JD,
Aumont E, Servaes S, Scala SG, DuBois JM, Wainstein G, Bezgin G, Funck T, Schmitz TW, Spreng RN,
Galovic M, Koepp MJ, Duncan JS, Coles JP, Fryer TD, Aigbirhio FI, McGinnity CJ, Hammers A, Soucy
JP, Baillet S, Guimond S, Hietala J, Bedard MA, Leyton M, Kobayashi E, Rosa-Neto P, Ganz M,
Knudsen GM, Palomero-Gallagher N, Shine JM, Carson RE, Tuominen L, Dagher A, Misic B (2022)
Mapping neurotransmitter systems to the structural and functional organization of the human
neocortex. Nat Neurosci 25:1569-1581. https://doi.org/10.1038/s41593-022-01186-3

Pinto CB, Saleh Velez FG, Lopes F, de Toledo Piza PV, Dipietro L, Wang QM, Mazwi NL, Camargo EC,
Black-Schaffer R, Fregni F (2017) SSRI and Motor Recovery in Stroke: Reestablishment of Inhibitory
Neural Network Tonus. Front Neurosci 11:637. https://doi.org/10.3389/fnins.2017.00637

Burvill PW, Johnson GA, Jamrozik KD, Anderson CS, Stewart-Wynne EG, Chakera TM (1995)
Prevalence of depression after stroke: the Perth Community Stroke Study. Br J Psychiatry 166:320-
7. https://doi.org/10.1192/bjp.166.3.320

Herrmann M, Wallesch CW (1993) Depressive changes in stroke patients. Disabil Rehabil 15:55-66.
https://doi.org/10.3109/09638289309165873

Liu W, Cheng X, Rao J, Yu J, Lin Z, Wang Y, Wang L, Li D, Liu L, Gao R (2024) Motor imagery therapy
improved upper limb motor function in stroke patients with hemiplegia by increasing functional
connectivity of sensorimotor and cognitive networks. Front Hum Neurosci
18:https://doi.org/10.3389/fnhum.2024.1295859

Sergi F, Krebs HlI, Groissier B, Rykman A, Guglielmelli E, Volpe BT, Schaechter JD (2011) Predicting
efficacy of robot-aided rehabilitation in chronic stroke patients using an MRI-compatible robotic
device. Annu Int Conf IEEE Eng Med Biol Soc 2011:7470-3.
https://doi.org/10.1109/IEMBS.2011.6091843

Nowak DA, Grefkes C, Ameli M, Fink GR (2009) Interhemispheric Competition After Stroke: Brain
Stimulation to Enhance Recovery of Function of the Affected Hand. Neurorehabil Neural Repair
23:641-656. https://doi.org/10.1177/1545968309336661

Yu P, Dong R, Wang X, Tang Y, Liu Y, Wang C, Zhao L (2024) Neuroimaging of motor recovery after
ischemic stroke - functional reorganization of motor network. Neuroimage Clin 43:103636.
https://doi.org/10.1016/j.nicl.2024.103636

Murase N, Duque J, Mazzocchio R, Cohen LG (2004) Influence of interhemispheric interactions on
motor function in chronic stroke. Ann Neurol 55:400-409. https://doi.org/10.1002/ana.10848
Braal} H, Gutgesell L, Backhaus W, Higgen FL, Quandt F, Choe C-U, Gerloff C, Schulz R (2023) Early
functional connectivity alterations in contralesional motor networks influence outcome after severe
stroke: a preliminary analysis. Sci Rep 13:https://doi.org/10.1038/s41598-023-38066-0

Page 26/33



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Liu F, Chen C, Hong W, Bai Z, Wang S, Lu H, Lin Q, Zhao Z, Tang C (2022) Selectively disrupted
sensorimotor circuits in chronic stroke with hand dysfunction. CNS Neurosci Ther 28:677-689.
https://doi.org/10.1111/cns. 13799

Nachev P, Kennard C, Husain M (2008) Functional role of the supplementary and pre-supplementary
motor areas. Nat Rev Neurosci 9:856-69. https://doi.org/10.1038/nrn2478

Koenigs M, Barbey AK, Postle BR, Grafman J (2009) Superior Parietal Cortex Is Critical for the
Manipulation of Information in Working Memory. The Journal of Neuroscience 29:14980-14986.
https://doi.org/10.1523/jneurosci.3706-09.2009

Shibasaki H, Sadato N, Lyshkow H, Yonekura Y, Honda M, Nagamine T, Suwazono S, Magata Y, Ikeda
A, Miyazaki M, et al. (1993) Both primary motor cortex and supplementary motor area play an
important role in complex finger movement. Brain 116 ( Pt 6):1387-98.
https://doi.org/10.1093/brain/116.6.1387

Calautti C, Leroy F, Guincestre JY, Baron JC (2001) Dynamics of Motor Network Overactivation After
Striatocapsular Stroke: A Longitudinal PET Study Using a Fixed-Performance Paradigm. Stroke
32:2534-2542. https://doi.org/10.1161/hs1101.097401

Kalinosky BT, Berrios Barillas R, Schmit BD (2017) Structurofunctional resting-state networks
correlate with motor function in chronic stroke. Neuroimage Clin 16:610-623.
https://doi.org/10.1016/j.nicl.2017.07.002

Ward NS (2003) Neural correlates of motor recovery after stroke: a longitudinal fMRI study. Brain
126:2476-2496. https://doi.org/10.1093/brain/awg245

Huo C, Li X, Jing J, Ma Y, Li W, Wang Y, Liu W, Fan Y, Yue S, Wang Y, Li Z (2019) Median Nerve
Electrical Stimulation—Induced Changes in Effective Connectivity in Patients With Stroke as
Assessed With Functional Near-Infrared Spectroscopy. Neurorehabil Neural Repair 33:1008-1017.
https://doi.org/10.1177/1545968319875952

Fox MD, Raichle ME (2007) Spontaneous fluctuations in brain activity observed with functional
magnetic resonance imaging. Nature Reviews Neuroscience 8:700-711.
https://doi.org/10.1038/nrn2201

Wang X, Wang C, Liu J, Guo J, Miao P, Wei Y, Wang Y, Li Z, Wang K, Zhang Y, Cheng J, Ren C (2024)
Altered cerebellar-cerebral dynamic functional connectivity in patients with pontine stroke: a resting-
state fMRI study. Brain Imaging Behav https://doi.org/10.1007/s11682-024-00908-4

Tables

Table 1 is available in the Supplementary Files section.

Figures

Page 27/33



27 patients satisfying the inclusion
criteria

- 1 declined to participate
— - 1 improved with inclusion criterion removed
- 1 MRI scan not possible (anxiety)

24 patients randomly assigned

12 fluoxetine group

12 Placebo group

1 resting state MRI scan not completed
2 MRI scan at day 90 not performed
1 refusal to carry out MRI scan at day 90

8 with full imaging at 90 days

1 dose of fluoxetine
1 MRI scan at day 90 not performed
1 died before the day 90 MRI scan

9 with full imaging at 90 days

Figure 1

CONSORT diagram of patient recruitment
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Figure 2

Map of initial ischaemic lesions The colour scale corresponds to the patient number.
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. fluoxetine
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Average cluster connectivity

Resting-state FC evolution in the fluoxetine group compared with the placebo group, between Day 0
and Day 90, adjusting for the effect of age and lesion volume The figure displays the cluster of
differences in functional connectivity (FC) evolution, characterised by a decrease in connectivity between
bilateral motor regions. (A) shows the network map of the regions of interest (ROIs) included in the
cluster and their FC connections. D = damaged hemisphere; U = undamaged hemisphere; SMA =
juxtapositional lobule cortex; PreCG = precentral gyrus; PostCG = postcentral gyrus; SPL = superior

parietal lobule. (B) highlights the matrix display of the FC cluster depicted in (A). Yellow, orange and red
indicate increasing connectivity, while blue represents decreasing connectivity. TFCE = threshold-free

Figure 3

cluster enhancement. (C) shows the median of average functional connectivity of the cluster at Days 0
and 90.
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Resting-state FC evolution in the fluoxetine group compared with the placebo group, between Day 0
and Day 90, adjusting for the effect of age and lesion volume The figure displays the cluster of
differences in functional connectivity (FC) evolution, characterised by a decrease in connectivity between
bilateral motor regions. (A) shows the network map of the regions of interest (ROIs) included in the
cluster and their FC connections. D = damaged hemisphere; U = undamaged hemisphere; SMA =
juxtapositional lobule cortex; PreCG = precentral gyrus; PostCG = postcentral gyrus; SPL = superior

parietal lobule. (B) highlights the matrix display of the FC cluster depicted in (A). Yellow, orange and red
indicate increasing connectivity, while blue represents decreasing connectivity. TFCE = threshold-free

Figure 3

cluster enhancement. (C) shows the median of average functional connectivity of the cluster at Days 0
and 90.
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Figure 4

Median National Institutes of Health Stroke Scale (NIHSS) score at Days 0, 30, and 90
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Figure 5

Distribution of Modified Rankin Scale (mRS) scores at Days 0, 30 and 90
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