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SUMMARY – Background: Stroke, a neurological condition, ranks as the second leading cause 
of death and disability worldwide, resulting in sensory, motor and cognitive impairments. Post-stroke 
cerebral atrophic changes in various brain regions, both ipsilesional and contralesional, carry significant 
clinical implications. This systematic review and meta-analysis aims to explore structural (volume and 
cortical thickness) and functional deficits induced by post-ischemic stroke cerebral atrophy.

Methods: The review encompassed studies conducted from January 2010 to October 2021, result-
ing in the inclusion of 33 articles sourced from PubMed/Medline, Cochrane/EMBASE and PEDro 
databases. Keywords such as ‘stroke’, ‘cortical atrophy’, ‘cerebral atrophy’, ‘motor’, ‘sensory’ and ‘cognitive 
disability’ were utilized in the search process. 

Results: Notably, the temporal lobe emerged as the most commonly affected site for atrophic vol-
ume changes, followed by the thalamic areas, hippocampus, cerebellum and sensory cortex. Cortical 
thinning was observed in frontotemporal, inferior parietal, primary motor cortex (M1) and superior 
frontal gyrus regions of the stroke hemisphere. Regarding functional outcomes, gray matter volume 
(GMV) was found to correlate with motor function, with severe GMV atrophy hindering clinical re-
covery, while increased GMV was linked to better outcomes. Additionally, GMV was associated with 
cognitive functions. Notably, changes in total and regional brain tissue volume were observed early post-
stroke and continued at an accelerated rate compared to normal age-related atrophic changes. 

Conclusion: This underscores the potential of brain atrophy as a prognostic marker for identifying 
regions of structural plasticity and as a therapeutic target.
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Introduction

Stroke is the second most common cause of dis-
ability and death worldwide, accounting for 5.5 mil-
lion deaths and a 50% rate of disability among stroke 
survivors1. Depending on the underlying pathogenic 
mechanisms that cause it, stroke is categorised as ei-
ther ischemic or hemorrhagic. Ischemic stroke is more 
common. It is characterized by an initial occluded ves-
sel leading to irreversible brain damage and secondary 
distal changes such as cerebral atrophy. Subsequently, 
it leads to long-term disabilities depending on the 
injured brain area2.

The abnormal processes that underline cerebral at-
rophy vary according to the location and pattern of the 
atrophy, though generally atrophy involves a reduction 
in the size or volume of the brain’s cortex (involving the 
extra pyramidal, pyramidal, cerebellar and autonomic 
systems), a widening of the cortical sulci, gradual en-
largement of the ventricles and pronounced cortical 
thinning3. Cerebral atrophy includes atrophy of the 
cortical (gray matter (GM) of the cerebral cortex) and 
subcortical areas (subcortical white and gray matter, 
such as basal ganglia or fibres in the deep white matter 
(WM)). Cortical atrophy is associated with Alzheim-
er’s disease and drug/alcohol toxicity4, and subcortical 
atrophy to age-related cerebral small vessel disease5 
and other issues like inflammatory demyelination (i.e., 
multiple sclerosis)6. Many clinical presentations pres-
ent with both cortical and subcortical atrophy patterns, 
which may reflect the fact that multiple pathologies, in-
cluding Alzheimer’s disease and cerebrovascular disease, 
work concurrently7. Both cortical and/or subcortical 
atrophy has been linked with risk factors for arterio-
sclerosis, including diabetes, hypertension and cigarette 
smoking8, indicating that the dominant underlying 
pathology is vascular in nature – arteriosclerosis9.

Interestingly, correlations between ischemic stroke 
and cerebral atrophy have also been described in the 
literature. Ermine et al. induced human ischemia-like 
changes in an animal model and found that it led to 
the formation of a chronically progressive cortical at-
rophy which was widespread, distant from the infarct 
site and progressively extending all over the infarcted 
hemisphere10. Also, recent imaging studies confirm 
diffuse and progressive atrophy beyond the ischemic 
area as an important pathophysiological feature of 

stroke, including structural changes ranging from 
progressive atrophy of the whole brain to reduction in 
contralesional thalamic volume11-14. 

This systematic review and meta-analysis aims 
to summarise the current literature on post-stroke 
secondary cerebral atrophy and its clinical impact. It 
includes a detailed description of the spatial patterns 
of post-stroke atrophy including their location, extent 
and volume. From the clinical standpoint, this article 
also examines the impact of these changes on func-
tional deficits in patients.

Materials and Methods

The present review was conducted and reported 
according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 
guidelines for systematic reviews and meta-analyses15.

Search strategy
Articles published between January 2010 and April 

2021 on the PubMed/Medline, Cochrane/EMBASE 
and PEDro databases were examined. The search was 
performed using the Boolean operations “OR” and 

“AND,” with the following keywords: stroke, cortical 
atrophy, cerebral atrophy, motor, sensory and cogni-
tive disability, which were employed in combination 
or separately. First, duplicates were removed from the 
titles and abstracts. The remaining titles/abstracts were 
reviewed by two independent assessors (A.K., A.P.). 
The full texts were then retrieved and independently 
evaluated for eligibility. Additional relevant research 
was found by hand-searching the reference list of the 
included papers. Conflicts were resolved by a third 
independent assessor (F.S.).

Study selection
The inclusion criteria for the studies were as fol-

lows: studies that included patients with cerebral 
atrophy confirmed through structural magnetic reso-
nance imaging (MRI), studies conducted on human 
participants affected by an ischemic stroke. Articles of 
any design were eligible for inclusion (including rand-
omized controlled trials, cohort studies, observational 
studies, systematic reviews, meta-analyses and confer-
ence proceedings).
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Figure 1. PRISMA Flowchart

The studies’ exclusion criteria included the follow-
ing: studies published in any language other than Eng-
lish, studies for which the full text was not available 
and technical papers.

Data collection
Data extracted from the included studies and the 

results generated in this systematic review provided an 
exhaustive summary of the present literature regard-
ing cortical atrophy and several other impairments 
following cerebrovascular accidents. Moreover, our 
study highlighted a possible complication that could 

be found due to cortical atrophy in a particular group 
of patients containing a specific set of characteristics, 
like age or sex, and which is absent in other groups 
of patients. This information acted as a framework for 
further medical research in this domain.

Statistical analysis
Standard descriptive measurements were utilized 

to describe baseline information. However, due to the 
degree of between-study reporting heterogeneity, sta-
tistical/meta-analysis was not performed. 
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Study quality assessment
The included studies were assessed for the risk of 

bias. ROBINS-I tool (ROB-1) was used for the eval-
uation of non-randomised studies16. Moreover, it was 
visualized by the robvis tool.

Results

For this systematic review, 1,426 titles and abstracts 
were retrieved through different database searches. 
After the removal of duplicates, the remaining 1,412 
titles and abstracts were screened. A total of 93 full-
text articles were extracted from these 1,412 studies 
for further evaluation and a total of 33 articles were 
included in this systematic review. A PRISMA flow 
diagram of database research was generated (Figure 1).

Time since onset of stroke: The included studies 
reported cerebral changes in the brains of stroke sur-
vivors. Several studies included participants during the 
acute stage (a few days to a few weeks post-stroke)17-24, 
while other studies included participants three months 
post-stroke11 12 25-30.

Few studies included participants six or more 
months post-stroke13 31-35. Brodtman36 included par-
ticipants between 3 and 12 months after their stroke 
event. The remaining studies considered patients with 
more than 18 months of history after stroke37-39.

Assessment Scale for Motor, Sensory and Cog-
nitive Changes: Different assessment scales were 
used to assess sensory, motor and cognitive changes. 
National Institutes of Health Stroke Scale (NIHSS), 
the Motricity Index (MI), the Barthel Index (BI), the 
Modified Rankin Scale (MRS) and the Fugl-Meyer 
Assessment (FMAS) were used for the assessment of 
motor-related changes. NIHSS, the Mattis Dementia 
Rating scale (MDRS), the Montreal Cognitive As-
sessment (MoCA) and the Mini-Mental State Exam 
(MMSE) were used for sensory assessment. Cognitive 
impairment was assessed with MoCA, Rey’s Auditory 
Verbal Learning Test (RAVLT), MMSE, the Geri-
atric Depression Scale (GDS), MDRS, the Hospital 
Anxiety and Depression Scale (HADS) and other 
study-specific cognitive measures reported in the in-
cluded studies (Table 1).

Structural/Volume Change (Table 2)

Changes in the volumes of various parts of the 
brain were found in various studies (Table 1). The 
most frequently quoted changes in volume were in the 
temporal lobe, thalamic areas, hippocampi, front cor-
tex, cerebellum and somatosensory area (S1, S2). Also, 
white matter hyperintensities (WMHs) were noted to 
be associated with cognitive decline. 

Cortical thickness (CT) (Table 2)

A high number of WMHs was associated with a 
thinner cortex, especially across frontotemporal and 
inferior parietal cortical regions. Ipsilesional changes in 
CT were noted even after short periods following the 
stroke, while contralesional areas exhibited increased 
CT. Other studies noted a significant decrease in CT 
in areas linked with ischemic stroke three months post- 
stroke and the same has been documented one year 
post-stroke. Significant linkage was found between 
focal cortical thinning and the probability of connec-
tivity with the infarcted region. Another finding was 
microstructural damage in WM tracts connecting 
acute strokes with distant cortical locations, which 
significantly correlated with CT changes in those 
connected cortical areas. A focal decrease in CT was 
noted in the connected and affected M1 compared 
to the non-affected M1 (only in the deepest layers). 
Significant cortical thinning was noted in the superior 
frontal gyrus of the stroke hemisphere.

Functional outcomes (Table 2)

GMV was found to be related to motor centers 
and functional outcomes. Also, it correlated with MI 
in cognitive-related areas (after adjusting for time in-
tervals). Moreover, severe GMV atrophy in the ipsile-
sional precentral gyrus (PreCG) led to deficient clini-
cal recovery. Elsewhere, the GMV of the ventromedial 
prefrontal cortex was found to be inversely related to 
pain intensity. Better clinical outcomes were found to 
be related to an increase in GMV in the contralesional 
orbitofrontal gyrus (OFG) and middle frontal gyrus 
(MFG). Bilateral GMV changes in posterior cerebellar 
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A
ge in years  

± SD
Sex M

/F
Stroke related

Structural/ Volum
e 

changes
C

ortical thickness
Functional changes/
outcom

es
C

om
orbidities

Brodtm
ann, 

2012
11

65.1 
(C

ases)
67.2 (C

ontrols)

9/3
(C

ases)

5/5
(C

ontrols)

Site:
C

ortical: 10; Sub-
cortical: 2

Significant reductions in 
thalam

ic volum
e noted.

Post-stroke changes in re-
gional C

T
 are evident even 

over shorter tim
e periods. 

Increased contralesional 
C

T
 was noted (probably 

com
pensatory m

echanism
). 

C
ai, 2016

18
48.9 

A
ll m

ales
Site: Single is-
chem

ic stroke le-
sion involving basal 
ganglia regions.

C
om

pared with the acute 
stage, significant decreases in 
G

M
V

 were observed in the 
ipsilesional PreC

G
, ParaC

G
 

and contralesional cerebellar 
lobule V

II in the chronic 
stage. A

dditionally, signifi-
cant increases in G

M
V

 were 
found in the contralesional 
O

FC
, M

FG
 and IFG

.

Severe G
M

V
 atrophy in 

the ipsilesional PreC
G

 
was related to poor clinical 
recovery, while greater 
G

M
V

 increases in the 
contralesional O

FG
 and 

M
FG

 were related to bet-
ter clinical recovery.

C
hen, 2013

40
Fem

ales: 73.3±7.2

M
ales: 72.1±6.9

30/30
Site: Frontal, pari-
etal, tem

poral and 
occipital lobes, and 
subcortical W

M
, 

thalam
us, basal 

ganglia and in-
fratentorial regions.

Fem
ale patients had sig-

nificantly larger volum
es of 

right O
FC

 and right anterior 
cingulate cortex.

In fem
ale patients, at 3 and 

15 m
onths post-stroke, 

left dorsolateral prefrontal 
cortex volum

e significantly 
correlated with Verbal 
Fluency Test score. 

H
ypertension and diabetes 

m
ellitus.

C
hen, 2019

33
60±6

21/10
Stroke sided-
ness:R

/L:
16/15

T
I patients showed signifi-

cantly higher functional con-
nectivity with non-atrophic 
area of S1.
Patients showed reduction in 
cortical volum

e in the ipsile-
sional top part of the top S1 
region and ipsilesional lateral 
bottom

 S1.

C
heng, 2015

12
68

7/5
Stroke sided-
ness:R

/L:
5/7

Site: basal ganglia; 
internal capsule; 
corona radiate

Th
ree m

onths post-stroke, 
a significant drop in C

T
 

was detected in areas 
linked with ischem

ic le-
sions, while C

T
 in uncon-

nected cortical areas was 
largely unchanged. 
A

n area of significant cor-
tical thinning was noted in 
the superior frontal gyrus 
of the stroke hem

isphere.

N
o significant correlations 

found between the degree 
of m

otor recovery and 
change in C

T.

Table 1. [Continued]
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A
ge in years  

± SD
Sex M

/F
Stroke related

Structural/ Volum
e 

changes
C

ortical thickness
Functional changes/
outcom

es
C

om
orbidities

Fan, 2013
20

48.7
9/1

Left hem
isphere 

subcortical infarc-
tions involving 
m

otor pathways. 

A
ll patients were 

first‐onset stroke 
patients who 
showed m

otor 
deficits in both the 
upper and lower 
extrem

ities. 

Site: internal cap-
sule, corona radiate, 
basal ganglia.

Post-stroke, G
M

V
 decreased 

bilaterally in brain areas 
directly/indirectly linked 
with lesions. 

G
M

V
s of these brain areas 

did not correlate with M
I. 

G
M

V
 was increased in 

several brain areas associ-
ated with m

otor/cognitive 
functions post-stroke, 
however after adjusting for 
tim

e intervals, only G
M

V
s 

in cognitive‐related brain 
areas rem

ained positively 
correlated with M

I.

H
ypertension and diabetes.

Ferris, 2018
34

67±8.9
19/5

C
hronic stroke 

(> 6 m
onths post-

stroke) with and 
without diabetes 
(diabetic and 
non-diabetic).

Stroke sided-
ness:R

/L:
12/12

Site: internal cap-
sule, corona radiata, 
internal capsule 
and striatum

, M
C

A
 

thalam
us, putam

en

C
om

pared to stroke alone, 
individuals with stroke and 
diabetes had lower C

T
 

bilaterally in the prim
ary 

som
atosensory cortex, and 

prim
ary and secondary 

m
otor cortices.

C
ontralesional prim

ary and 
secondary m

otor cortex 
thicknesses were negatively 
related to sensorim

otor 
outcom

es in the paretic 
upper lim

b in the stroke 
and diabetes group, such 
that those with thinner 
prim

ary and secondary 
m

otor cortices had better 
m

otor function.

G
rau-O

livares, 
2010

39
71.7±12 (M

C
I-V

) 

65.1±11.3
(N

C
I-V

)

7/8
(M

C
I-V

) 

11/4
(N

C
I-V

)

Lacunar strokes in 
the internal capsule, 
thalam

us, basal 
ganglia, corona 
radiata, pons or 
centrum

 ovale.

M
C

I-V
 patients showed 

regional G
M

V
 losses be-

tween the first and second 
evaluation in cortical (frontal 
and tem

poral) and subcor-
tical (pons, cerebellum

 and 
caudate) areas.

Frontal lobe dysfunction 
and regional cortical/sub-
cortical G

M
 atrophy best 

differentiates the clinical 
course of lacunar stroke in 
patients with/without C

I.

Table 1. [Continued]
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A
ge in years  

± SD
Sex M

/F
Stroke related

Structural/ Volum
e 

changes
C

ortical thickness
Functional changes/
outcom

es
C

om
orbidities

Pohjas-
vaara,1999

28
70.2±7.7

169/168
Pre-stroke cogni-
tive study

M
oderate/severe W

M
 

changes and cerebral atrophy 
were found: 
M

ean Fazekas W
M

 score 
of pre-stroke patients with 
cognitive decline was sig-
nificantly higher com

pared 
to those without pre-stroke 
cognitive decline. 
M

oderate/severe corti-
cal frontal, entorhinal, 
hippocam

pal and m
edial 

tem
poral atrophy were m

ore 
com

m
on in patients without 

pre-stroke cognitive decline. 
M

oderate/severe central 
tem

poral, frontal, lateral 
and occipital atrophy were 
significantly m

ore com
m

on 
am

ong pre-stroke patients 
with cognitive decline than 
patients without it.

3-m
onth outcom

e was 
worse in pre-stroke 
patients with cognitive 
decline com

pared to those 
without (m

easured by all 
A

D
L scales and cognitive 

scales). Th
e num

ber of 
patients who developed 
dem

entia 3 m
onths after 

stroke was significantly 
higher in pre-stroke pa-
tients with cognitive de-
cline that in those without. 

H
ypertension, diabetes, 

cardiac failure, atrial 
fibrillation, history of m

y-
ocardial infarction, hyper-
cholesterolem

ia, sm
oking 

and history of previous 
C

V
D

 (T
IA

, ischem
ic and 

hem
orrhagic strokes). 

W
ei, 2020

23
59±9 (pontine 
stroke [PS] cases);

57±8 (norm
al con-

trols)

4/7 (PS cases);

8/12 (norm
al 

controls)

Stroke sided-
ness:R

/L:
3/8

W
ith the progression of 

stroke, G
M

V
 decreased 

significantly in the bilateral 
cerebellar posterior lobe 
(ipsilateral C

rus II and con-
tralateral C

rus I), initially de-
tected in the first m

onth. It 
continued to decrease during 
the following 6 m

onths.
Further analysis revealed 
that brain regions in the PS 
group, m

ainly areas in the 
bilateral prefrontal, parietal, 
tem

poral lobes and paralim
-

bic system
 and cerebellum

, 
were m

utually positively and 
negatively correlated.

C
hanges of G

M
V

 in these 
regions were correlated 
with behavioral scores 
related to m

otor and cog-
nitive functions.

Table 1. [Continued]
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D1 D2 D3 D4 D5 D6 D7 Overall
St

ud
y

Aoi, 2012 + + + + + + + +
Auriel, 2016 + + + + + + + +
Baker, 2010 + + + + + + + +
Bournonville, 2018 + + + + + + + +
Brodtimann, 2012 - + + + + + + -
Cai, 2016 - - + + - - - -
Chen, 2013 - - - - + + + -
Chen, 2019 - - - + - + + -
Cheng, 2015 - - - + - + + -
Cheng, 2020 + + + + + + + +
Dickie, 2020 - - - - + + + -
Duering, 2012 - - - + - + + -
Duering, 2015 - + + + + + + -
Fan, 2013 + + + + + + + +
Ferris, 2014 + + + + + + + +
Grau-Olivares, 2010 - + - - + + + -
Jouvent, 2008 + + + + + + + +
Krause, 2016 - + - + + - + -
Kuceyeski, 2014 + + + + + + + +
Liu, 2015 + + + + + - - -
Lotan, 2019 + + + + + + + +
Mihalov, 2016 + + + + + - + -
Ozzoude, 2020 - + + + + + + -
Pohjasvaara, 1999 - + - + + + + -
Sagnier, 2019 - + + + + + + -
Smith, 2012 x x x x x + + x
Veldsman, 2017 x x x x x + + x
Wang, 2016 + + + + + + + +
Wei, 2020 - + - + + + + -
Xiong, 2014 + + + + + + + +
Yu, 2017 - + + + + + + -
Zi, 2014 + + + + + + + +

Domains: D1 : Bias due to confounding.
D2: Bias due to selection of participants.
D3: Bias in classification of interventions.
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Judgement:

x   Serious

-   Moderate

+   Low

Figure 2. Risk of bias domains
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lobes were found to be linked with behavioural scores 
related to motor/cognitive functions.

Left dorsolateral prefrontal cortex volume was 
associated with Verbal Fluency Test scores in elderly 
post-stroke females (at two time points: 3 months and 
15 months). Frontal lobe dysfunction and regional 
cortical/subcortical GM atrophy best differentiated 
the clinical course of lacunar stroke in patients with/
without cognitive impairment (CI).

Contralesional primary and secondary motor cor-
tex thickness was negatively related to sensorimotor 
outcomes in the paretic upper limb in the stroke and 
diabetes group. Interestingly, this meant that patients 
with thinner primary and secondary motor cortices 
had better motor function.

Areas closer to the stroke lesion, which have a high-
er degree of disconnection than regions further away, 
were found to exhibit greater atrophy. The Change 
in Connectivity (ChaCo) score identified the most 
affected regions related to sensorimotor, perception, 
learning and memory functions. Also, an improved 
regulation of cerebral blood flow was associated with 
a lower risk of atrophy and better functional outcomes 
in the long term.

Risk of bias

The majority of included studies showed a low to 
moderate risk of bias. Only two studies had a serious 
risk of bias. Details are shown in Figures 2 and 3.

Discussion

This review examines cerebral cortical changes and 
functional outcomes in ischemic stroke, highlighting 
the complexity and variability of cerebral atrophy. The 
most common atrophy sites are the temporal lobe, tha-
lamic areas, hippocampus, cerebellum and sensory cor-
tex, with cortical thinning in the frontotemporal and 
motor regions. Atrophy affects both WM and GM, 
with GMV loss linked to poorer motor outcomes. The 
temporal lobe, crucial for autonomic functions44 shows 
significant atrophy, impacting stroke recovery45-47.

Low risk Moderate risk Serious risk

25% 50% 75% 100%0%

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions

Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias 

Figure 3. Overall Risk of Bias

Table 2. Regions assessed and Assessment Scale

Regions assessed Assessment scales
Sensory NIHSS, MDRS, MOCA and MMSE
Motor NIHSS, MI, BI, MRS and FMAS.

Cognition MoCA, RAVLT, MMSE, GDS, 
MDRS, HADS

Abbreviations: NIHSS = National Institute of Health Stroke 
Scale; MI = Motricity Index; BI = Barthel Index; MRS = 
Modified Rankin scale; MDRS = Modified Dementia Rating 
Scale; MoCA = Montreal Cognitive Assessment scale; 
MMSE = Mini-Mental State Examination; FMA = Fugl-
Meyer Assessment scale; GDS = geriatric depression scale; 
HADS = Hospital Anxiety and Depression Scale
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There is a key issue concerning the anatomical 
presentation of cerebral atrophy and how to diagnose 
it on imaging techniques. While changes in the vol-
ume of cortical areas are reasonably easy to locate and 
measure, they do not elucidate other changes on the 
cortical tissue surface. An interesting solution for this 
is to use a voxel-based morphometry (VBM)-based 
method and scan the whole brain to see post-stroke 
GMV changes, since GMV reflects cortical thickness 
and surface area18. Fan et al. reported a post-stroke 
decrease in GMV bilaterally in brain areas directly 
or indirectly linked with stroke infarcts, suggesting 
regional damage in these “healthy” brain tissues of 
stroke patients. In addition, the GMV of several areas 
linked to motor and cognitive functions was found to 
be increased post-stroke20.

It should be noted that generalized cortical thin-
ning occurs with normal ageing. However, it is impor-
tant to differentiate it from stroke-induced changes, 
specifically in their location and pattern. One way to 
differentiate between the two is that stroke-induced 
cortical thinning occurs because of focal cortical thin-
ning in areas that have anatomical connections with 
the infarcted brain areas with ischemic changes12. The 
process of retrograde degeneration after an axonal 
injury can explain how stroke in one place may lead 
to distal atrophy. Cortical infarcts affecting the motor 
cortex and/or descending pathways have been postu-
lated to trigger Wallerian degeneration of WM tracts, 
spanning over many weeks48.

Furthermore, MRI evidence suggests that the 
deepest cortical layers of M1 may exhibit most of this 
atrophy49. On a similar note, microstructural damage 
to WM tracts has also been reported in areas of cor-
tical thinning duly connected to areas of the stroke 
lesion50. One of the reasons for this damage (especially 
microvascular damage) may be because the brain, be-
ing a low-impedance organ, receives high volumes of 
blood51, which makes it prone to this type of damage. 
Lastly, the extent of microstructural damage in the 
connecting WM tracts has been found to determine 
the extent of cortical thinning52.

Our study on cerebral atrophy and its association 
with long-term disability revealed several significant 
findings related to functional outcomes in stroke pa-
tients. Specifically, we found that elderly post-stroke 
females showed an association between prefrontal 

cortex volume and verbal fluency. Additionally, lacunar 
stroke patients, both with and without cognitive im-
pairment, were affected by regional cortical/subcorti-
cal GM atrophy, which influenced their clinical course. 
Moreover, individuals in stroke and diabetes groups 
exhibited a negative association between contralesion-
al primary and secondary motor cortex thicknesses 
and sensorimotor outcomes in the paretic upper limb, 
suggesting that those with thinner motor cortices 
demonstrated better motor function. Furthermore, our 
analysis of connectivity scores (ChaCo) indicated that 
the proximity between infarcted and corresponding 
secondary atrophic areas played a role in influencing 
functional outcomes. Lastly, an improved regulation of 
cerebral blood flow was associated with a reduced risk 
of atrophy and better long-term functional outcomes.

Pundik et al.43 were the first to report changes in 
bilateral cortical thickness linked to sensory recovery 
post-rehabilitation in chronic stroke patients. They 
found significant sensory improvement in the area 
close to the occipital pole, lateral occipital cortex, 
intracalcarine cortex, cuneal cortex, precuneus cor-
tex, inferior temporal gyrus, occipital fusiform gyrus, 
supracalcarine cortex and the temporal occipital 
fusiform cortex in the ipsilesional hemisphere in re-
sponse to rehabilitative treatment. Of interest was the 
increase in CT leading to improved sensory acuity in 
the contralesional posterior parietal cortex (including 
supramarginal and angular gyri), reported earlier in 
animal53 and human stroke settings54-56. 

It is known that stroke-induced atrophic changes 
occur several days or weeks prior to stroke onset. The 
extended therapeutic time window for these lesions 
may allow the discovery of treatment modalities tar-
geting this state of secondary neurodegeneration. In 
addition, the resultant neuroprotection may promote 
brain plasticity and improve clinical management, 
leading to better functional outcomes57.

The study has several limitations that warrant con-
sideration. Firstly, there is a scarcity of studies report-
ing dynamic changes in the brain, primarily due to the 
retrospective or cross-sectional design of most existing 
studies. Secondly, heterogeneities in lesion location 
and duration were commonly observed, which posed 
challenges in drawing general conclusions. Addition-
ally, limited research focused on whole-brain atroph-
ic changes, with even fewer interventional studies 
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reporting tangible changes in functional outcomes 
post-stroke. Another limitation is the lack of changes 
in CT in the contralesional lesion-connected/-uncon-
nected cortices in certain studies. These discrepancies 
may be attributed to factors including shorter fol-
low-up durations, insensitive methods used in the re-
gion-of-interest (ROI) analysis and the limitations of 
CT in capturing other presentations of atrophy, such 
as cortical surface changes.

Conclusions

In due course, ischemic stroke triggers a cascade of 
cerebral atrophic changes in the gray and white mat-
ter of the brain. Changes in total and regional brain 
tissue volume start early post-stroke and continue at 
an accelerated rate, compared to normal age-related 
atrophic changes. When developed via robust and 
well-designed research studies, brain atrophy timeline 
and milestones could prove to be useful parameters for 
developing prognostic and therapeutic tools. In terms 
of functional outcomes, with rapidly growing avenues 
for brain stimulation and brain-machine technologies, 
identifying potential regions of structural plasticity 
and, therefore, recovery is likely to prove pivotal in 
improving stroke rehabilitation protocols. 
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Sažetak

SUSTAVNI PREGLED CEREBRALNE ATROFIJE KOD ISHEMIJSKOG MOŽDANOG UDARA

Fahad Somaa, Azka Khan, Anna Podlasek i Faraz Ahmed Bokhari

Uvod: Moždani udar, kao neurološko stanje, drugi je vodeći uzrok smrtnosti i onesposobljenosti u svijetu te dovodi do 
senzornih, motoričkih i kognitivnih oštećenja. Atrofične promjene mozga koje nastaju nakon moždanog udara u različitim 
regijama, kako ipsilezijskim tako i kontralateralnim, imaju značajne kliničke implikacije. Cilj ovog sustavnog pregleda i meta-
analize jest istražiti strukturne (volumen i debljina korteksa) i funkcionalne deficite izazvane cerebralnom atrofijom nakon 
ishemijskog moždanog udara.

Metode: Pregled je obuhvatio studije provedene od siječnja 2010. do listopada 2021. godine, pri čemu su uključena 33 
rada iz baza podataka PubMed/Medline, Cochrane/EMBASE i PEDro. U pretraživanju su korištene ključne riječi poput 

„stroke“, „cortical atrophy“, „cerebral atrophy“, „motor“, „sensory“ i „cognitive disability“.
Rezultati: Temporalni režanj istaknuo se kao najčešće zahvaćeno područje s atrofičnim promjenama volumena, a 

slijede područja talamusa, hipokampus, mali mozak i somatosenzorni korteks. Stanjivanje korteksa zabilježeno je u 
frontotemporalnim regijama, donjem parijetalnom režnju, primarnom motoričkom korteksu (M1) i gornjoj frontalnoj 
vijugi polutke zahvaćene moždanim udarom. Što se tiče funkcionalnih ishoda, utvrđeno je da je volumen sive tvari (GMV) 
povezan s motoričkom funkcijom, pri čemu je izražena atrofija GMV-a otežavala klinički oporavak, dok je povećani GMV 
bio povezan s boljim ishodima. Nadalje, GMV je bio povezan i s kognitivnim funkcijama. Značajno je da su promjene 
ukupnog i regionalnog volumena moždanog tkiva uočene rano nakon moždanog udara te su se nastavile ubrzanim tempom 
u usporedbi s normalnim, dobno uvjetovanim atrofičnim promjenama.

Zaključak: Ovi rezultati naglašavaju potencijal moždane atrofije kao prognostičkog markera za prepoznavanje regija 
strukturne plastičnosti te kao terapijske mete.

Ključne riječi: Moždani udar; Kortikalna atrofija; Cerebralna atrofija; Motoričko, senzorno i kognitivno oštećenje
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