Edinburgh Research Explorer

Predictors of post-stroke cognitive impairment using acute
structural MRI neuroimaging

Citation for published version:

Ball, E, Shah, M, Ross, E, Sutherland, R, Squires, CE, Mead, G, Wardlaw, JM, Quinn, TJ, Religa, D,
Lundstrom, E, Cheyne, J & Shenkin, SD 2022, 'Predictors of post-stroke cognitive impairment using acute
structural MRI neuroimaging: A systematic review and meta-analysis', International Journal of Stroke.
https://doi.org/10.1177/17474930221120349

Digital Object Identifier (DOI):
10.1177/17474930221120349

Link:
Link to publication record in Edinburgh Research Explorer

Document Version:
Publisher's PDF, also known as Version of record

Published In:
International Journal of Stroke

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN (75 ACCESS

Download date: 17. Aug. 2022


https://doi.org/10.1177/17474930221120349
https://doi.org/10.1177/17474930221120349
https://www.research.ed.ac.uk/en/publications/34862ceb-32b7-4238-9c70-3c2275ce711d

1) Check for updates

A MEOLINE LISTED, PEER REVIEWED JOURN

(et o ==

60
u@»yuunum UF TREWORLD STROKE ORGANIZATIO
Q
Q

YOLUUE 17 ISSUE 2 @ Febraary 2022 IS 1474830  HSSK: THIHS

-.11.\‘{’
Sy
4

-

' ¥
- [ s
"1’ L

o

Q
yo,
‘4

A - I F
i3
(]

-

World Stroke
O g 2atssn

e ekl o Y beaee

International Journal of Stroke

DOI: 10.1177/17474930221120349


http://crossmark.crossref.org/dialog/?doi=10.1177%2F17474930221120349&domain=pdf&date_stamp=2022-08-04

Page 1 of 31

Predictors of post-stroke cognitive impairment using acute
structural MRI neuroimaging: A systematic review and
meta-analysis

Journal: | International Journal of Stroke

Manuscript ID | 1JS5-04-22-10000.R1

*anuscript Type: | Review

D.te Sy omitted by the
Author:

06-Jul-2022

Complete List of Auth~ . : | Ball, Emily; The University of Edinburgh, Centre for Clinical Brain
Sciences; Karolinska Institute, Department of Neurobiology, Care
Sciences and Society, Division of Clinical Geriatrics

Zhah, Mahnoor; The University of Edinburgh, Centre for Clinical Brain
S iences

Re«Z, Filidh; The University of Edinburgh, Centre for Clinical Brain
fcienc s

Lutherl=2. Rachel; NHS Lothian

Squir/ 5,.Ch irlotte; NHS Lothian

Mead, Gilli.n;<The University of Edinburgh, Ageing and Health Research
Group, ush7. Insitute

Wardlaw.<. ann7, T- . University of Edinburgh, Centre for Clinical Brain
Sciences

Quinn, Terence;  Jnix _is.ty of Glasgow, Institute of Cardiovascular and
Medical Sciences

Religa, Dorota; Karc'inska "irtitutet, Department of Neurobiology, Care
Sciences and Society, Dii ision <. Clinical Geriatrics

Lundstrém, Erik; Uppsalc Upi ersity, Department of Medical Sciences,
Neurology

Cheyne, Joshua; The University of -d h1burgh, Centre for Clinical Brain
Sciences

Shenkin, Susan; The University of ' “inb1< gh, Ageing and Health
Research Group and Advanced Care Re .eartii “entre, Usher Institute;
Karolinska Institute, Department of Neur ,uinlor y, Care Sciences and
Society, Division of Clinical Geriatrics

Stroke, Cognitive impairment, Dementia, Neuioima<no. MRI, Post-
stroke cognitive impairment

Keywords:

ONE™

International Journal of Stroke

DOI: 10.1177/17474930221120349



Page 2 of 31

Predictors of post-stroke cognitive impairment using acute structural MRI
neuroimaging: A systematic review and meta-analysis

Emily L. Ball,

Centre for Clinical Brain Sciences, University of Edinburgh, Edinburgh, UK;
Department of Neurobiology, Care Sciences and Society, Division of Clinical
Geriatrics, Karolinska Institutet, Stockholm, Sweden;
ORCID:0000-0002-7445-9581

M2 inoc r Shah,
Centre fe"Clinical Brain Sciences, University of Edinburgh, Edinburgh, UK;

Eilidh Ross,
Centre for Clinica"rai 1 Sciences, University of Edinburgh, Edinburgh, UK;

Rachel Sutherland,
NHS Lothian, UK;

Charlotte Squires,
NHS Lothian, UK;

Gillian E. Mead,

Ageing and Health Research Group, Usher In:titi*.e, University of Edinburgh,
Edinburgh, UK;

ORCID:0000-0001-7494-2023

Joanna M. Wardlaw,

Centre for Clinical Brain Sciences, UK Dementia Research Institute, Jniversity of
Edinburgh, Edinburgh, UK;

ORCID:0000-0002-9812-6642

Terence J. Quinn,

Institute of Cardiovascular and Medical Sciences, University of Glasgow, Glacaaw
UK;

ORCID:0000-0003-1401-0181

Dorota Religa,

Department of Neurobiology, Care Sciences and Society, Division of Clinical
Geriatrics, Karolinska Institutet, Stockholm, Sweden;

ORCID: 0000-0003-4583-4570

International Journal of Stroke

DOI: 10.1177/17474930221120349


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

Page 3 of 31

Erik Lundstrom,
Department of Medical Sciences, Neurology, Uppsala University, Uppsala, Sweden;
ORCID:0000-0002-5313-9052

Joshua Cheyne,
Centre for Clinical Brain Sciences, University of Edinburgh, Edinburgh, UK;

Susa’ D. Shenkin,

Ag~ing : nd Health Research Group and Advanced Care Research Centre, Usher
Institirie ~Ziiversity of Edinburgh, Edinburgh, UK;

Departraent )f Neurobiology, Care Sciences and Society, Division of Clinical
Geriatrics, K7, on.nska Institutet, Stockholm, Sweden;
ORCID:0000-0001-7375-4776

Corresponding aut ic:

Susan Shenkin

Address: Room S1642, A jeing, and Health, Usher Institute, The University of
Edinburgh, Royal Infirmary ¢'F «ini urgh, 51 Little France Crescent, Edinburgh,
Scotland, EH16 4SB Email: Si'sa.".Shenkin@ed.ac.uk.

Key words
Stroke, cognitive impairment, dementie’ ne..cimaging, MRI

List of tables and figures
Figure 1:Study flow-chart
Figure 2:Harvest plot

Figure 3:Forest plot

Figure 4:Forest plot

Figure 5:Risk of bias plot
Table 1:Study inclusion criteria

Additional contributions: None

Conflicts: None

Funding/Support:

For the purpose of open access, the author has applied a Creative Commons
Attribution (CC BY) licence to any Author Accepted Manuscript version arising from
this submission.

ELB received funding from the MRC, University of Edinburgh and University of
Glasgow, as part of the Precision Medicine Doctoral Training Programme
[MR/N013166/1].

JMW is funded by the UK Dementia Research Institute which receives its funding
from DRI Ltd, funded by the UK Medical Research Council, Alzheimer’s Society and

International Journal of Stroke

DOI: 10.1177/17474930221120349


about:blank
about:blank
about:blank

Page 4 of 31

Alzheimer’s Research UK; Fondation Leducq Transatlantic Network of Excellence for
the Study of Perivascular Spaces in Small Vessel Disease (16 CVD 05); The Row
Fogo Centre for Research into Ageing and the Brain (Ref AD.ROW4.35. BRO-
D.FID3668413) and the British Heart Foundation (RE/18/5/34216).

DR was supported by the Swedish Research Council 2020-06101 (WISER).

Word count: 4997

International Journal of Stroke

DOI: 10.1177/17474930221120349



Page 5 of 31

Abstract
Background:
Stroke survivors are at an increased risk of developing post-stroke cognitive
impairment and post-stroke dementia; those at risk could be identified by brain

imaging routinely performed at stroke onset.

Aim:
This systeina.c .eview aimed to identify features which are associated with post-
stroke cognitive ir=.air nent (including dementia), on magnetic resonance imaging

(MRI) performed at ¢ a7 «e iagnosis.

Summary of review:

We searched the literature from &icarton .o January 2022 and identified 10,284
records. We included studies that perforn ea M RI at the time of stroke (0-30 days
after a stroke) and assessed cognitive outcom.2 a*east three months after stroke.
We synthesised findings from 26 papers, comprising 27 strok>-populations
(N=13,114, average age range=40-80 years, 19-62% fer ale). vi’hen data were

available, we pooled unadjusted (OR,) and adjusted (OR,) ocdsatics.

We found associations between cognitive outcomes and presence of ceizb ai
atrophy (3 studies, N=453, OR;=2.48, 95%CI|=1.15-4.62), presence of microL'e~ds
(2 studies, N=9151, OR,=1.36, 95%CI=1.08-1.70), and increasing severity of white
matter hyperintensities (3 studies, N=704, OR,=1.26, 95%CI|=1.06-1.49). Increasing
cerebral small vessel disease score was associated with cognitive outcome following

unadjusted analysis only (2 studies, N=499, OR,=1.34, 95%CI=1.12-1.61; 3 studies,
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N=950, OR,=1.23, 95%CI=0.96-1.57). Associations remained after controlling for
pre-stroke cognitive impairment. We did not find associations between other stroke

features and cognitive outcome, or there were insufficient data.

Conclusions:
ALute stroke MRI features may enable healthcare professionals to identify patients at
risk of pesoztroke cognitive problems. However, there is still substantial uncertainty

about the proynustic utility of acute MRI for this.
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Introduction

Cognitive problems after stroke are of major concern to stroke survivors and their
families." Identifying who is at risk at the time of stroke, may enable healthcare
professionals to arrange appropriate follow-up, inform patients and their carers, and
p'an for possible future health outcomes. Individuals at risk of post-stroke cognitive

probleins ceuld also be targeted for clinical trials with cognitive endpoints.

The cognitive cor~ :gqu :nces of stroke are conventionally described as post-stroke
cognitive impairmen’ (F sC -impaired performance on a structured cognitive
assessment) and the subc ategury of post-stroke dementia (PSD-a clinical diagnosis

of a cognitive change sufficien to ite-fere with daily life).

International guidelines for PSCI highlight thet'there are currently no prediction tools
suitable for clinical practice.? A survey of sixty ' JK(iealthcare professionals reported
that respondents were aware that imaging features cuu! 1 pre-'ict PSCI, but they did
not use these features in clinical practice.® Acute stroke rzuroinaging could help

healthcare professionals to identify who is at risk of PSCI.

Acute stroke computed tomography (CT) brain imaging is routinely perfc m..a in
clinical practice to determine the cause of stroke. CT brain imaging is inexpei <ive
and quick to perform but has lower resolution than magnetic resonance imaging
(MRI). Recently, MRI has become more available for stroke diagnosis in clinical

practice. MRI also allows the identification of neuroimaging features such as cerebral
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microbleeds (CMB) that are rarely visible on CT brain scans. MRI may help identify

neuroimaging features associated with post-stroke cognitive problems.

Cerebral small vessel disease (cSVD) is commonly associated with stroke and
dementia.* Neuroimaging features include white matter hyperintensities (WMH),
CvIBacunes, perivascular spaces (PVS), recent small subcortical infarcts, and
cerebral ~iaphy.® Three systematic reviews have described the associations
between iicuruliaging features and PSD/PSCI.68 One review found that stroke
survivors with me~' :iat : to severe WMH had a two-to-three-fold increased risk in
PSD/PSCI.” Anothe! reviev: reported that medial temporal lobe atrophy (MTLA) and
global atrophy were assoc ated with increased risk of PSCI®, and the third review
highlighted an association bet\'ee.. MTLA, WMH and PSCI8. These reviews included
studies that performed brain imayiri2tp tr several months after a stroke, which does
not reflect what happens in clinical practic 2. D ily one review performed a sensitivity
analysis comparing the association between s2ve'ity of WMH and PSD when
identified on CT versus MRL.” The reviews did not re’or’ the =ssociation between
acute stroke lesions and post-stroke cognitive outcome. Y.oweveor, a multicohort
study of 2950 stroke survivors reported that infarcts in the left th-.am is, left
frontotemporal lobes, and right parietal lobe were associated with P 1.2 Dur
previous systematic review focused on the prognostic utility of acute strc<e ©T
finding that presence of atrophy, WMH, and pre-existing stroke lesions were
associated with a two-to-three-fold increase in risk of PSD, and WMH was
associated with a three-fold increased risk in PSCI."® MR is increasingly being used
in clinical practice, and is recommended for suspected TIA." A similar review

focusing on MRI was needed.
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Aims

We determined if features identifiable on brain MRI in acute stroke can predict
PSD/PSCI. We included studies that performed MRI at the time of stroke. We
extracted data from the published papers. As this review aimed to be directly
a.plic ble to clinical practice we extracted neuroimaging features (acute stroke
lesiors 27.aore-existing stroke features) that could be visually rated on acute MR

scans (e.y. prescnce/absence, severity scales, location).

International Journal of Stroke

DOI: 10.1177/17474930221120349



Page 10 of 31

Methods
Protocol and registration
We registered the protocol on PROSPERO (CRD42019128677). The review is

reported according to PRISMA guidelines.?

E’.gik ity criteria

Eligib¥.cv.Ciiteria are outlined in Table 1.

Table 1: o.ud in_lusion criteria

Study type: e Observational studies or clinical trials
e Intracerebral haemorrhage, ischaemic and/or transient ischaemic
Population: attack
= Structural MR neuroimaging performed 0-30 days from index stroke
Prognostic factor: e leuroimaging features that are visually reported on MRI

Tos. stroke cognitive impairment: assessed using a recognised
cogri.tive tool

Outcomes: . : . . L
e U3t troi e dementia: assessed using recognised diagnostic criteria
e Coghitiv: outcome assessed at least three months after the stroke

Source: e Publisned artic ss written in English quantifying the association

betwee:. :cute sti+..e neuroimaging features and cognitive outcome

Information sources

We designed a search strategy with an experier ced libr=. ‘an, combining terms
relating to: stroke, dementia/cognitive impairment, neuroirig’,ing, and study type
(Supplement 1). We searched electronic databases: Emba e (2 /ID), MEDLINE
(OVID), PsycINFO (EBSCO), and Cochrane Central Register o. cor’.olled Trials
(CENTRAL) from inception to January 2022. We hand searched the hib" .oc 2phies of
relevant reviews and included studies. We contacted study authors twice .y as not
clear when brain imaging or cognitive follow-up were performed. If the authors di-.

not respond, the study was excluded from the review.

Study selection

We imported studies into Covidence software (Veritas Health Innovation Ltd).'> Two
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reviewers independently screened title/abstracts and then full text articles, and

conflicts were resolved by consensus or by a third reviewer.

Data collection process

We used a modified version of the CHARMS-PF checklist (CHecklist for critical
ALpra‘sal and data extraction for systematic Reviews of prediction Modelling
Studie’s, *Giared to Prognostic Factor studies).' 12 (~50%) of the included articles
were extiacteu Ly two reviewers. Disagreements were resolved by consensus or by

»

another reviewer "'s ¢ sagreements for 12 papers were minor, a single reviewer

extracted data from <1¢ 14 "emaining studies.

Data extraction

We used a data extraction profor.ne.(Sup:..2ment 2). If multiple papers included the
same cohort, we used the study that pres :nv>/. data most relevant to our primary
outcome. We extracted raw data, unadjusted «nd-adjusted associations relating to
neuroimaging features. Where various models were .re sente, we favoured the

model with the greatest number of variables.

Neuroimaging features

We used the STandards for Reporting Vascular changes on nEuroimagi\g ‘STRIVE)
classification system to define neuroimaging features: atrophy, cSVD, WMH,
lacunes, CMB, PVS, with additional categories of pre-existing stroke lesions (old
infarcts or haemorrhages), acute stroke lesions (ischaemic or haemorrhage,
presence, number and location), and additional neuroimaging features (cortical

superficial siderosis (cSS), haemorrhagic transformation, combinations of features).?

10
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Cognitive outcome

When studies performed cognitive assessments at multiple time points, we extracted
data from the latest assessment after stroke. We produced harvest plots and
performed meta-analysis only for studies that assessed global cognitive

filictia/dementia.

Harvest piot
These plots prese~ . as sociations between neuroimaging features and PSD/PSCI,
after unadjusted or ¢ Jj7.ste ! analysis, the number of patients in each study and risk

of bias.

Meta-analysis

We included studies which reported data' o <" )w calculation of unadjusted (OR,) or
adjusted (OR,) associations in the meta-analy zis ‘vWe log-transformed the OR and
confidence intervals (Cl) so that effect sizes were sy in 2tric=' around the null value
and performed random-effects meta-analyses using the i".verse variance method.
Variability due to between-study heterogeneity was quantifiea wit1 /< Due to
heterogeneity between studies (measurement methods and reportin/ of fata), a
limited number of studies were suitable for meta-analysis. Where possib 2 v e
dichotomised severity of neuroimaging features into presence/absence of the=e

features.

We pooled studies that reported either PSD or PSCI, as there was considerable

overlap between the definitions of these groups in different studies. We performed

11
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separate meta-analyses for studies that reported unadjusted or adjusted ORs.

We performed sensitivity analyses of studies that excluded patients with pre-stroke
cognitive impairment/dementia (post-hoc analysis), excluded haemorrhagic strokes
(post-hoc analysis), followed-up patients at least six months after stroke (planned
a:.alv7:s), and used a neuropsychological battery or diagnostic criteria (post-hoc

analys.s) A analyses were performed using RStudio software (3.6.1).

Quality assessm -t
We used the Quality in“#ro ynostic factor Studies (QUIPS) tool to assess risk of

bias.14

12
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Results
We identified 10,284 records (Figure 1) and screened 286 full texts. Forty-six papers
were eligible for inclusion (Supplement 3). Multiple papers reported the same stroke
population. Findings from 26 papers, comprising 27 stroke-populations (N=13,114,
range of average ages=40-80 years, 19-62% female) are synthesised in this

re'yiev’ 15-40

Study ( har: cteristics

Studies included ischaamic strokes (16 studies)®:18,20-22,24-28,33,35,38,39,41,42.
haemorrhagic stroke. (2 studies)3'36, mixed strokes (3 studies)'’2332, and ischaemic
strokes and TIA (6 stul'ies)'619.29.30,3437 Several of these studies only included
patients with a particular sticne vp» or severity (Supplement 3). Twenty-one stroke-
populations (78%) excluded patier’s wii 1 pre-stroke cognitive impairment and/or
dementia.16-18,20-22,24-29,31,33-39.41 MR| we’, p~.icxmed at various times from admission
to 30 days. Full demographic and vascular sk iac o's for each stroke population are

presented in Supplement 4.

Cognitive assessment

Length of time from stroke to cognitive assessment ranged from th~ze ionths to
seven years (Supplement 5). PSCI was the main cognitive outcome i _3 ( tu lies.
Two of these studies reported impairment in specific cognitive domains oniy2™<?, 1e
remainder assessed global cognitive function9-21,23,24,26,28,30,32-35,37-39,41.42  Foyr
studies reported diagnosis of dementia.?%27:31.36 Prevalence of PSCI/PSD ranged

from 9% to 61%.

13
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Harvest plot

We summarised data on associations between neuroimaging features and PSCI or
PSD from 23 stroke-populations in the harvest plot,5-21,23-26,28,30-32,34-39.41,42 excluding
two studies that only reported associations with specific cognitive domains?22° and
two studies which reported acute stroke features that did not align with our pre-

sr acif ~d classifications.27:33

Atroph s

10 studies (N=1475) m~asured global and/or localised atrophy (Supplement

6)_18,28,31,32,35,36,38,39,4 2

The harvest plot (Figure 2) su¢2s:3 an association between presence of cerebral
atrophy and PSCI/PSD, and our m< (a-aalvsis confirms this (3 studies, N=453,

OR,=2.48, 95%CI=1.15-4.62, 1°=0%, P.-0 7 y\1831.41

As shown in the harvest plot, there was no clear associ.f on between severity of
cerebral atrophy and PSCI/PSD (Figure 2) and data w: i< tr0 heterogeneous to

meta-analyse.

There was no association between medial temporal lobe atrophy ana' = SC (iigure

2).

White matter hyperintensities

Twenty studies (N=11,995) measured WMH (Supplement 7).15-18.21-26,28,30-

32,34,36,37,39,41,42

14
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Four studies found an association between presence (versus absence) of WMH and
PSCI/PSD(Figure 2). Data from three of these studies could be pooled, finding no

association (3 studies, N=8993, OR,=2.35, 95%CI|=0.92-6.01, I’=72%, P=0.07)253".

34

The burvisiolot shows an association between WMH severity and PSCI/PSD
(Figure z,. Tk ec studies reported data suitable for meta-analysis and we found an
association betwe<i W MH score and PSCI (3 studies, N=704, OR,=1.26,
95%CI1=1.06-1.49, 7 -:2,%, P=0.008)"7-26.28 (Figure 4). One study measured frontal

executive impairment and’ oun.. no association with WMH score (unadjusted).2?

Cerebral microbleeds

Fifteen studies (N=11,060), measured CN B (S upplement 8).19.21-23,25,26,28-

31,34,36,39,41,42

The harvest plot shows an association between presence of CviB and PSD but not
PSCI (Figure 2). Two studies were suitable for meta-analysis, firuin¢ association
between presence of CMB and PSCI/PSD (2 studies, N=9151, OR,7 1.36:
95%CI=1.08-1.70, 1°=0%, P=0.009)?>26. Two additional studies reported' sp..cific
cognitive domains, one found an association with presence of CMB, the othe. did

not.2229

There was no clear association between number of CMBs and PSCI/PSD (Figure 2).

15
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Lacunes

Nine studies (N=1873) reported presence, number, location, and size of lacunes
(Supplement 9 and Figure 2).1821.23.26,30,31,36,41.42 Data from three studies were
suitable for meta-analysis. There was no association between presence of lacunes

and PSCI (3 studies, N=641, OR,=1.46, 95%CI=0.96-2.23, ?’=0%, P=0.08)1830:31,

Periv.src..or spaces
Four stuuies {iN=1153) reported PVS (Supplement 10),23.26.30.36 byt there was

insufficient evider< - tc form a conclusion (Figure 2).

Cerebral small vessel di¢ eas:

Seven studies (N=1510) repor ad « 3\'D score (Supplement 11).20:23.26,28,35,36,38 There
was insufficient evidence reportir.g 2<75. ' our studies reported that increasing cSVD
score is associated with PSCI (Figure 2). Me‘= -analysis found association for
unadjusted data only (2 studies, N=499, OR,=1.3/, 95%CI=1.12-1.61, 1°=0%,
P=0.001)2%28 (Figure 3); (3 studies, N=950, OR,=1.2%, $5%C'=0.96-1.57, [?>=42%,

P=0.11).20:26.28

Pre-existing stroke lesions

Five studies (N=869) reported data relating to pre-existing stroke lesions
(Supplement 12)18.21.26.29.31 "there was no clear association with PSCI/PSD, a.thour.:
the neuroimaging features measured were heterogeneous (e.g. presence of old

macrohaemorrhage/lacunar infarct/cortical infarct).

16
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Acute stroke features
Two studies (N=333) reported acute ischemic stroke (versus ICH) and found no
association with PSCI (Figure 2),"732 our meta-analysis confirms this (N=333,

OR,=0.61, 95%CI=0.27-1.39, 2=0%, P=0.24) (Figure 3).

Stver studies (N=9593) reported data relating to presence, number and location of
acute stroie lesions (Supplement 13).17:25.27,32-34.36 There was no clear association

between acuv?: saoke lesions and PSCI/PSD.

Additional neuroin ac.ng ‘eatures

Four studies (4 studies, N: 799, reported other neuroimaging features (cSS,
haemorrhagic transformation, :on."Jinations of features (Supplement 14);16.30.31.36
due to the limited number of stuc.ec.it-vas 1ot possible to draw any conclusions

about associations.

Sensitivity analysis

After controlling for pre-stroke cognitive impairment, we @.so found a significant
association between presence of lacunes and PSCI/PSD (2 s.uc'cs, N=244,
OR,=1.88, 95%CI=1.06-3.35, I’=0%, P=0.03)'831. Results from the ¢ cnsitlvity

analyses are presented in Supplement 15.

Risk of bias
We rated no studies with high overall risk of bias (Figure 5). Issues with external

validity were common due to studies including only specific stroke types (e.g. lacunar

17
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stroke, middle cerebral artery lesion only) and excluding more severe strokes. The

majority of studies did not clearly report the reasons for loss to follow-up.

18
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Discussion

Key findings

This systematic review included 27 cohorts of patients with stroke (N=13,114).
Features of cSVD, visible on acute stroke MRI, were associated with PSCI/PSD.

"re =nce of cerebral atrophy, presence and severity of WMH, presence of CMB, and
tot<i ¢S' D score were associated with increased risk of either PSCI and/or PSD.
More s¢ vere WMH (adjusted), worse ¢cSVD (unadjusted), presence of cerebral
atrophy (unadjusted), nrresence of CMB (adjusted) were associated with PSCI/PSD
in meta-analyses. W. did not find associations between other features and
PSCI/PSD or there wac. insi+ficient evidence to draw a conclusion. Heterogeneity

between studies limited the po*_nticl to pool data.

We aimed to explore whether routine NV Rl.<ui=cted for clinical purposes at the time
of stroke also have a use in predicting long-ier i cc caitive impairment. This is the
first systematic review to address the question of whetk2 MRI taken at the time of
stroke is useful for identifying patients at risk of post-st <xe _ognitive problems.
Previous systematic reviews included studies that performed b: uin-scans up to
several months after stroke. In agreement with these reviews, we #'so‘ound that
WMH were associated with poorer cognitive outcome.”8 Crucially, oui evi :w looked
at pre-existing features and acute stroke lesions visually reported at the time/ of
stroke — finding that pre-existing features were more clearly related than acute
lesions to cognitive outcomes - and has clinical implications for early identification ¢

patients at increased risk of PSCI.

19
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Strengths and limitations of this systematic review

In order for our findings to be clinically applicable, we only included neuroimaging
features that could be assessed by clinicians, and not those using computerised
methods which would require specialist facilities, analysis, and extra time. Although
wz inc.uded brain scans performed within 30 days after a stroke, 78% of the included
studie poitarmed scans during acute stroke or within one week of the stroke.
Studies tiat ~.sscssed PSCI often did not attempt to diagnose dementia, meaning
that “PSCI” could.i'Ciu' 1e people with mild cognitive impairment or those with
dementia. We comb’eu st 'dies that assessed either PSCI or PSD in the same
meta-analysis. We did, ho'veve ', include studies which measured PSCI or PSD
separately in our harvest plot, :ho.ina association with presence of WMH and CMB
and PSD. Dementia was the mai'i cazuti> ¢ outcome of only four of the included
studies, therefore we can draw limited co. cits ons from these data. Our review was
limited to studies written in English, but we dic no* restrict the search by language,
therefore we are aware that we were unable to inclus’c t'iree ~tudies written in

Chinese or Japanese.

Strengths and limitations of included studies

Many of the included studies defined neuroimaging features according t¢ S "RIVE
criteria which helped when synthesising findings.® However, studies used difiarant
measurement methods (presence/severity/location), and analysis techniques
(unadjusted/adjusted) to assess the association with cognitive outcome

(PSD/PSCl/specific cognitive domains).
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Most studies were small in size. Several studies also excluded patients who could
not provide informed consent, or who had aphasia/communication difficulties,

therefore findings may not be applicable to patients with more severe strokes.

Research implications

T+ air with synthesising neuroimaging features, studies should provide definitions of
the neurciiiaging features they are measuring (e.g. STRIVE criteria) and use
validatea sca’cs. Published guidance on reporting location of acute stroke lesions
would be advant~2 :ou s but do not currently exist. To distinguish which
neuroimaging featur ;s are associated with PSCI (no dementia) compared to PSD,
studies could diagnose ac' .ordi.ig to DSM-5 criteria for major and minor
neurocognitive disorder, althotah :zparting full results of cognitive and functional

tests is also useful.

Clinical implications

In conjunction with other clinical risk factors such as.'ow edusation, atrial fibrillation,
hypercholesterolemia and prior stroke (Supplement 16), *.aving 1 structured way of
reporting acute stroke brain scans in clinical practice, that is quic’. to »erform, may
help healthcare professionals to identify who is at risk of post-stroke cogriive
problems. Should it become possible to identify which stroke survivors a e « t risk of
cognitive problems, future studies need to explore how best to communicate ‘his

information to patients and their families.

Conclusions
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Routinely performed acute stroke MRI may help healthcare professionals to identify
which stroke survivors have an increased risk of post-stroke cognitive problems but
overall effect size is small. Understanding whether patients with acute stroke would
want to know this prognostic information, and how best to support them, requires

further research.
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Figure 2: This harvest plot shows whether studies found an association between MRI features and cognitive outcome following
unadjusted or adjusted analyses.

Each unit (box) represents a study.

Units that lie above the line of association represent a statistically significant association between neuroimaging feature and
cognitive outcome. If the unit lies below the line of association the study did not find a statistically significant association
between neuroimaging feature and cognitive outcome.

The left hand column (pale blue) represents studies that performed unadjusted analysis. The right hand column (grey)
represents studies that performed adjusted analysis. Studies did not always perform both unadjusted and adjusted analyses for
the:same feature.

The .1e1g* . of each unit represents the study sample size (y-axis).
T .e co’ _.uof each unit represents overall risk of bias for each study (green=low; yellow=moderate; red=high).

*Unit heig” . not.shown in proportion to study size for this study which is much larger than all others included: study size N=8700
but repri.ser <d o the figure as N=870.

Individual stu'+ ata< ~==ented in this plot are reported in Supplement 6-14.

Abbreviations: FSCI, post-stroke.cognitive impairment; PSD, post-stroke dementia; WMH, white matter hyperintensities; CMB,
cerebral microbleeds; PVS, r= e tricular spaces; cSVD score, cerebral small vessel disease score.
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Figure 3: Unadjusted meta-analysis of neuroimaging features associated wit" ¢ ,gnitive outcome
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We assessed risk of bias using the QUIPS tool."> We summed the rating for each risk of bias domain (low=1, moderate=2,
high=3) to calculate overall risk of bias (low=1-7, moderate=8-13, high=14-18). When domains were scored as unclear, we
carefully considered whether this would increase the overall risk of bias. We used the Risk-of-bias VISualization (robvis) web
application to visualize our risk of bias assessments.*?

Figure 5: Risk of bias plot
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