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Abstract

Contemporary stroke care is moving towards more holistic and patient-centred integrated approaches, however, there is need to
develop high quality evidence for interventions that benefit patients as part of this approach. This study aims to identify the types of
integrated care management strategies that exist for people with stroke, to determine whether stroke management pathways impact
patient outcomes and to identify elements of integrated stroke care that were effective at improving outcomes. The study is a sys-
tematic review with meta-analysis. The review was conducted using Medline, CINAHL, Web of Science and the Cochrane Database
of randomized controlled trials from January 2012 to January 2024. Studies that evaluated interventions as part of integrated care
against a control or standard treatment group were included. Primary outcomes included mortality, recurrent stroke and major
bleeding. Secondary outcomes included quality of life, unplanned readmission, anxiety and depression, lifestyle and cardiovascular
risk factors, and adherence to intervention. In total, 99 studies were included and 63 were meta-analysed. Patients receiving inte-
grated stroke care had significant reductions in recurrent stroke (RR 0.79, 95% CI: 0.63-1.00, P=0.05, I = 39%), significant improve-
ments in quality of life (SMD =0.41, 95% CI: 0.26-0.56, P < 0.00001, I =91%) and reduced incidence of depression (RR 0.95, 95% CI:
0.92-0.99, P=0.007, I =22%). There were no significant differences in mortality or major bleeding. The findings of this study show
that integrated care post-stroke is associated with better quality of life and reduced depression and recurrent stroke.

stroke, which might prevent recurrent stroke and could also im-
prove patient functional status, symptoms and comorbidities”®
however many challenges remain. These include a lack of con-
sensus on the optimal care pathway for patients,”° high hetero-
geneity among stroke treatment centres'’ and the continuing
need to develop high quality evidence for prevention of second-
ary vascular events and risk factor management after stroke.****

With no clear definition of integrated care in stroke and no
consensus on optimal patient management in the acute and

Introduction

Effective stroke care needs an organizational structure that facili-
tates best treatments at the right time.! Contemporary stroke care
commonly involves a multidisciplinary team of healthcare profes-
sionals.? Integrated care in stroke has been defined as a project
network technique involving interdisciplinary interventions to im-
prove communication and co-ordination between disciplines, pro-
viding a time frame for patient care, with regular monitoring of

patient progression.> However, there is no unifying definition or
common conceptual understanding of integrated care, and the
perspectives that construct the concept can be shaped by views
and expectations of various health system stakeholders."

The centralization of stroke services in parts of the UK and the
formation of hyperacute stroke units (HASUs) offering continual
access to stroke specialists, investigations and interventions® can
be considered to represent integrated care in acute stroke. The
treatment of stroke patients in HASUs has resulted in reductions
in mortality and length of hospital stay compared with tradi-
tional stroke units.®’

Recently, there has been a move towards a more integrated or
holistic management pathway for patients following acute

post-acute settings, some clarification on which integrated care
strategies are most beneficial to patients is needed. In this study,
we aimed to identify the types of integrated care management
strategies that exist for people with stroke, to determine whether
stroke management pathways impact patient outcomes and to
identify elements of integrated care that improved pa-
tient outcomes.

Methods

This systematic review was conducted in accordance with the
guidelines of Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA).

Received: 02 February 2024. Revised (in revised form): 10 January 2025.

© The Author(s) 2025. Published by Oxford University Press on behalf of the Association of Physicians.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Gz0z |udy L0 uo Jasn ujeq yeles Aq 9z68.6./6z20sedy/pawlb/ce0 L 01 /10p/a[o1e-soueApe/pawlb/wod dno olwepese//:sdiy woly pspeojumoq


https://orcid.org/0000-0002-2862-9551
https://orcid.org/0000-0002-1479-8872
https://orcid.org/0000-0003-1266-3269
https://orcid.org/0000-0002-1239-2545
https://orcid.org/0000-0002-2875-0546
https://orcid.org/0000-0002-3081-0069
https://orcid.org/0000-0003-0795-7473

2 | I Eustaceetal.

Inclusion and exclusion criteria

Studies of integrated care in stroke patients were included in the
review based on NHS/WHO definitions (Supplementary Material
S1). Stroke was defined using the American Heart Association/
American Stroke Association (AHA/ASA) guidelines.’” Patients
with any acute stroke or transient ischaemic attack (TIA) of any
age, and any pathological type of stroke (ischaemic, venous,
intracerebral haemorrhage) were included. All randomized
controlled trials (RCTs), uncontrolled comparative trials, obser-
vational cohort studies, mixed methods and quantitative
case studies were considered for inclusion whereas studies in-
volving patients for which stroke was not the primary event or
where a definitive diagnosis of stroke could not be confirmed
were excluded.

Search strategy

The search strategy used medical subject headings (MeSH) terms
and synonyms for “stroke” and “integrated care”. These terms
were combined with Boolean operators, truncations and wild-
cards. Studies with evidence of a multidisciplinary approach to
care with or without a patient-centred focus were included.
MEDLINE, CINAHL, Web of Science and the Cochrane Central
Register of Controlled Trials were searched from 1 January 2012
to 1 January 2024 for relevant studies (Supplementary
Material S1).

Data extraction

Data extraction was conducted independently by LE., K.L.H., M.F-
R. and LK. using a bespoke data extraction tool and included: (a)
authors, publication year, country of origin, reference; (b) study
design with inclusion/exclusion criteria; (c) aims and objectives;
(d) demographic data (including n=, age, sex, ethnicity, disease
characteristics, co-morbidities); (e) description of intervention
and/or comparator; (f) outcomes (effectiveness and safety); (g)
results; (h) conclusions and (i) risk of bias assessment.

Risk of bias assessment

Risk of bias was independently assessed in duplicate by L.E. and
LK., K.L.H. or M.F-R. and discrepancies were discussed and re-
solved with a third reviewer (B.R.J.B). The Cochrane Risk of Bias
v.2 (RoB2) tool®™ and the Risk Of Bias In Non-randomized
Studies—of Interventions (ROBINS-I)'® were used for randomized
and non-randomized trials, respectively.

Data synthesis

Results of the systematic review were grouped by outcome (pri-
mary: mortality, recurrent stroke, major bleeding; secondary:
quality of life, unplanned readmission, depression/anxiety, treat-
ment adherence). Meta-analyses were conducted for comparable
studies where sufficient data were present. Primary and second-
ary outcome effect measures with 95% confidence intervals (CI)
were pooled using RevMan software version 5.4. Random
effects models were used, allowing for between-study variability
by weighting studies using a combination of intra- and inter-
study variance. Results were presented visually using Forest
plots. Heterogeneity was assessed visually and using the I° statis-
tic with 25%, 50% and 75% considered moderate, substantial and
considerable heterogeneity, respectively.

To measure overall treatment effects, the Der Simonian &
Laird method for both binary (e.g. mortality) and continuous (e.g.
quality of life) outcomes was used. If continuous data were not
homogeneous, an estimate of the standardized mean difference

(SMD) with 95% CI was calculated. If quantitative data were too
few or too heterogeneous, then a narrative synthesis approach
was undertaken.

Analysis of subgroups or subsets

Mortality and other outcomes (where applicable) were analysed
according to length of follow-up, via sub-group analyses to strat-
ify for different follow-up time points. Quality of life and depres-
sion/anxiety data were grouped and analysed according to type
of measurement tool (e.g. VAS, EQ-5D, HADS). Where feasible,
SMDs were used to meta-analyse similar scales. Meta-analyses
of randomized controlled trials (RCTs) and non-randomized trials
(NRCTs) were conducted separately.

Results

An initial search yielded 27271 records. After removal of dupli-
cates, 330 papers were assessed for eligibility against the inclu-
sion/exclusion criteria. Of these, 99 (30%) were included in the
systematic review (Figure 1) and 63 (19%) were included in
meta-analysis.

Characteristics of the included studies

The studies included in the review were published between
January 2012 and January 2024. Of the 99 studies, the majority
(64) were RCTs (Supplementary Material S2). The total number of
participants included in the review was 88435, of which 40475
received an integrated care intervention or pathway comprising
multiple interventions. Mean/median patient age ranged from 53
years'®?! to 83years’’ and the proportion of females ranged
from 23%”* to 70%°*.

Of the 64 RCTS, 10 were considered at low risk of bias, 33 were
moderate risk and 21 studies were at high risk of bias due to
small numbers, study design, confounding factors or missing
data. Of 35 NRCTs, 20 were considered at moderate risk of bias
and 15 studies were at high risk of bias (Supplementary
Material S3).

Of the 99 individual studies, 28 included an exercise interven-
tion, 28 included an educational component, 17 included a psy-
chological intervention and 16 assessed lifestyle and
cardiovascular risk factors. Forty-two (42) studies included multi-
ple interventions or complete pathways and 19 studies were con-
sidered patient centred. Of the intervention types, exercise,
lifestyle and mental health interventions positively impacted on
the majority of protocol-specified primary and secondary out-
comes across studies however only exercise positively impacted
all outcomes.'®273¢

Overall, the results of the studies were inconclusive, with 34%
showing no significant benefit of the intervention over the con-
trol or comparator group and there was substantial heterogene-
ity between studies.

Meta-analysis

The findings of the meta-analysis are summarized in Table 1.

Primary outcomes

Mortality

A total of 13 (n=21533) RCTs compared integrated care with con-
trol for mortality (Figure 2A). Integrated care was not associated
with reduced mortality (relative risk [RR] 0.79, 95% CI: 0.59-1.06,
> =74%). Sub-group analysis of NRCTs indicated a significant re-
duction in long-term (>1year) mortality in favour of integrated
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Figure 1. PRISMA chart for systematic review of integrated care in stroke.

care (RR 0.58, 95% CI: 0.43-0.80, P=0.0007, I>=86%) however
there were only three studies (n=9404) included in this analy-
sis (Figure 2B).

Recurrent stroke

A total of nine (n=10915) RCTs showed a statistically significant
reduction in recurrent stroke in favour of integrated care (RR
0.79, 95% CI: 0.63-1.00, P=0.05, I*=39%, Figure 3A) however
there was no difference in recurrent stroke between groups in
NRCTs (RR 1.08, 95% CI: 0.64-1.82, P=0.78, > = 4%, Figure 3B).

Major bleeding

A total of four RCTs (n=8210) compared integrated care with
control for major bleeding (Figure 4). There were more bleeding
events associated with integrated care versus control (RR 1.35,
95% CI: 0.56-3.22, > =84%), however the difference was not sta-
tistically significant (P =0.50).

Secondary outcomes

Quality of life

Meta-analysis was conducted on a total of 21 studies (n=10653)
using SMD to combine different quality of life (QoL) scales
(Figure 5). Overall, there were significant improvements in QoL in
favour of integrated care (SMD=0.41, 95% CI. 0.26-0.56,
P <0.00001, I’ =91%). Subgroup meta-analysis showed that the
greatest differences in QoL were observed with SF-36 and SSQOL
(Supplementary Material S4).

o
- Records identified through
,g database searches
g Additional records identified
£ (n=27271) through other sources
S
5 (n=0)
—/
\ 4 Yy
Records after duplicates
removed
o (n=18142)
=
(]
e \4
(%]
@ Records Screened Records excluded
(n=18142) (n=17812)
—/
) A
2 Full text articles assessed for
E eligibility Full text articles excluded, with reasons
=)
w (n=330) (n=231)
—
e Intervention was not part of integrated care (n = 172)
() Studies included in review e No control or comparator arm (n = 26)
e Outcomes did not match protocol specified criteria (n = 21)
(n=99) e Conference abstract (no full text) (n = 6)
° .
g e Study populations were not relevant (n = 6)
=]
E ¥
= Studies included in meta-analysis
(n=63)
e’

Unplanned readmission

There was no significant difference in unplanned (based on the
assumption that the majority of readmissions were due to com-
plications or events such as subsequent stroke or myocardial in-
farction [MI] that could not be predicted) readmission rates in
nine (n=7236) RCTs (RR 0.88, 95% CI: 0.73-1.05, P=0.15, 2=71%,
Figure 6A) or in five (n=6370) NRCTs (RR 0.76, 95% CI: 0.37-1.57,
P=0.46,1>=97%, Figure 6B).

Anxiety and depression

Meta-analysis was conducted on seven (n=36044) RCTs report-
ing proportions of patients with depression using Yale-Brown,
GDS, PROMS, PHQ2 and HADS-D scales (Figure 7). Integrated care
was associated with a significant reduction in the proportion of
patients with depression (RR 0.95, 95% CI: 0.92-0.99, P=0.007,
[>=22%, Figure 7) regardless of follow-up time (up to 6 months or
up to 12 months). Meta-analysis also showed that anxiety and de-
pression scores were significantly lower with integrated care re-
gardless of scale or follow-up time (Supplementary Material S4).

Lifestyle and cardiovascular risk factors
Overall, integrated care was associated with a significant im-
provement in cardiovascular risk (Table 1). Further information
can be found in Supplementary Material S4.
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Table 1 Summary of findings table for systematic review of integrated care

Outcomes

Relative effect (95% CI)

Number of participants
(studies)

Comments

Primary
Mortality

Recurrent stroke

Major bleeding

Secondary
Quality of life

Unplanned readmission

Anxiety and depression

Lifestyle and cardiovas-
cular risk factors

Adherence to
intervention

Exploratory
Favourable out-
come (MRS <2)

Recurrent risk of cardio-
vascular disease:

Myocardial infarction

Vascular death

RCTs: RR 0.79 (0.59-1.06)
NRCTS: RR 0.82 (0.45-1.49)

RCTs: RR 0.79 (0.63-1.00)
NRCTs: RR 1.08 (0.64-1.82)

RR 1.35 (0.56-3.22)

SMD: 0.41 (0.26-0.56)

RCTs: RR 0.88 (0.73-1.05)
NRCTs: RR 0.76 (0.37-1.57)

Depression: RR 0.95 (0.92-0.99)

Anxiety (HADS-A): RR 0.75
(0.57-0.99)

SMD —0.17 (=0.25 to —0.09)

RR 1.31 (0.77-2.23)

RR 1.02 (0.98-1.07)

RR 0.60 (0.34-1.05)
RR 0.58 (0.21-1.60)

21533 (13)
31223 (9)

10915 (9)
1604 (3)

8210 (4)

10653 (21)

7236 (9)
6370 (5)

36044 (7)
606 (3)

4538 (9)

3646 (4)

4751 (4)

7733 (3)
4221 (2)

There were fewer death events in the integrated
care groups compared with control but no signifi-
cant overall difference in mortality in RCTs or
NRCTs. The only significant difference in death
events was observed in a subgroup analysis of
long-term mortality in NRCTs (>1year, 9404
patients, three studies, RR=0.58, P=0.0007)

There were significantly fewer recurrent strokes as-
sociated with RCTs of integrated care compared
with control (P=0.05) however there were no dif-
ferences in NRCTs

There were more major bleeding events in the inte-
grated care groups compared with control but the
difference was not statistically signifi-
cant (P=0.50)

Integrated care interventions significantly improved
quality of life (P < 0.00001), with the greatest dif-
ference in QoL scoring observed with the SF-36
general health questionnaire and the SSQOL scor-
ing tools

There were fewer unplanned readmission events as-
sociated with integrated care interventions how-
ever the differences were not significant in either
RCTs (P=0.15) or NRCTs (P=10.46)

The proportion of patients with depression was sig-
nificantly lower with integrated care compared
with control (P=0.007). An analysis of anxiety us-
ing the HADS-A assessment tool showed that the
proportion of patients with anxiety was signifi-
cantly lower with integrated care (P=0.04)

Overall, integrated care was associated in a signifi-
cant improvement in cardiovascular risk factors
(P <0.0001), with significant reductions in SBP and
LDL-cholesterol (both P <0.03) however there
were no differences between groups for total cho-
lesterol, BMI or the proportion of patients stopping
smoking

Integrated care was associated with higher rates of
adherence compared with control however the
difference was not statistically signifi-
cant (P=0.32)

There was no difference in the proportion of
patients with favourable outcome between inte-
grated care and control (P=0.35)

There were fewer events of myocardial infarction
and vascular death associated with integrated
care however these differences were not statisti-
cally significant (MI, P=0.07; vascular
death, P=0.30)

Patient or population: people with stroke.

Setting: during and after care.
Intervention: Integrated care.

Comparison: Control; end of intervention.
BMI, body mass index; CI, confidence interval; HADS-A, hospital anxiety and depression scale-anxiety component; LDL, low density lipoprotein; MI, myocardial
infarction; mRS, modified Rankin Scale; NRCT, nonrandomized controlled trial; RCT, randomized controlled trial, RR, risk ratio; SBP, systolic blood pressure; SMD,

standardized mean difference.

Adherence to intervention

Overall, adherence rates were higher with integrated care but the
difference was not statistically significant (P=0.32, Table 1).
Further information can be found in Supplementary Material S4.

Exploratory analysis: functional status

An exploratory meta-analysis was conducted on four RCTs
(n=4751) that included data on functional status according to
the modified Rankin Scale (mRS). This analysis showed no signifi-
cant difference in favourable outcome (defined as mRS<2)

between integrated care and control (RR 1.02, 95% CI: 0.98-1.07,
P=0.35,1>=77%, Figure 8).

Exploratory analysis: recurrent risk of

cardiovascular disease

Meta-analysis was conducted for MI (three studies, n=7733) and
vascular death events (two studies, n=4221). Although there
were fewer events associated with integrated care, these differ-
ences were not statistically significant (Table 1). Further informa-
tion can be found in Supplementary Material S4.
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A

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 90-day mortality
Liu 2014 1 121 10 122 1.7% 0.10[0.01, 0.78] *
Bath 2018 26 1556 28 1540 8.7% 0.92 [0.54, 1.56]
Pedapati 2021 20 82 25 82 8.9% 0.80[0.48, 1.32]
Duncan 2020 55 2689 56 3193 10.2% 1.17 [0.81, 1.69]
Langhorne 2017 88 1048 72 1050 10.8% 1.22[0.91, 1.65] ™
Subtotal (95% ClI) 5496 5987 40.3% 1.00 [0.73, 1.35] <@
Total events 190 191

Heterogeneity: Tau? = 0.05; Chi? = 7.78, df = 4 (P = 0.10); 1> =49%
Test for overall effect: Z = 0.03 (P = 0.98)

1.1.2 Up to 1-year mortality

Fu 2020 8 270 2 130 2.8%
Saal 2015 5 118 15 (il 5.1%
Yan 2021 11 611 19 615 6.9%
Schwartzbach 2023 12 1203 31 1283 7.5%
Luengo-Fernandez 2022 12 281 32 224 7.7%
Shaw 2020 26 219 32 573  9.0%
Willeit 2020 52 1438 3B 711 9.7%
Bushnell 2021 91 1069 105 1193 11.0%
Subtotal (95% Cl) 5210 4840 59.7%
Total events 217 271

Heterogeneity: Tau? = 0.32; Chi? = 35.68, df = 7 (P < 0.00001); I> = 80%
Test for overall effect: Z = 1.51 (P =0.13)

Total (95% Cl) 10706

Total events 407 462
Heterogeneity: Tau? = 0.18; Chi? = 47.01, df = 12 (P < 0.00001); I* = 74%
Test for overall effect: Z = 1.57 (P = 0.12)

Test for subgroup differences: Chi? = 1.55, df =1 (P = 0.21), I = 35.3%

10827 100.0%

1.93[0.41, 8.94]
0.31[0.12, 0.83]
0.58 [0.28, 1.21]
0.41[0.21, 0.80]
0.30[0.16, 0.57]
2.13[1.30, 3.48]
0.73[0.48, 1.12]

0.97 [0.74, 1.26]
0.70 [0.44, 1.11]

-
-

0.79 [0.59, 1.06]

1 1
0.05 0.2 5 20
Favours integrated care Favours control

B Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.2.1 Up to 1-year mortality

Bergh 2023 1380 9028 1407 8785 16.5% 0.95[0.89, 1.02] "
Cuccurrullo 2022a 1 76 10 66 5.7% 0.09 [0.01, 0.66]

Deutschbein 2020 7 91 27 270 12.8% 0.77 [0.35, 1.71] — =
Swanson 2019 263 898 164 2605 16.3% 4.65 [3.89, 5.57] ki3
Subtotal (95% CI) 10093 11726  51.3% 0.99 [0.31, 3.17] e
Total events 1651 1608

Heterogeneity: Tau? = 1.20; Chi? = 268.37, df = 3 (P < 0.00001); I = 99%

Test for overall effect: Z = 0.02 (P = 0.98)

1.2.2 Long-term mortality (more than 1 year)

Buckley 2021 247 2909 473 2909 16.4% 0.52 [0.45, 0.60] -

Chang 2018 103 705 458 2491 16.3% 0.79 [0.65, 0.97] =

Chen 2017 58 260 62 130 16.0% 0.47 [0.35, 0.62] T

Subtotal (95% CI) 3874 5530 48.7% 0.58 [0.43, 0.80] <@

Total events 408 993

Heterogeneity: Tau? = 0.06; Chi? = 13.98, df = 2 (P = 0.0009); I> = 86%

Test for overall effect: Z = 3.41 (P = 0.0007)

Total (95% CI) 13967 17256 100.0% 0.82 [0.45, 1.49] <@

Total events 2059 2601

Heterogeneity: Tau? = 0.56; Chi? = 396.94, df = 6 (P < 0.00001); I2 = 98% é.o - oi . 1 150 " 06

Test for overall effect: Z = 0.64 (P = 0.52)
Test for subgroup differences: Chiz = 0.73, df = 1 (P = 0.39), I? = 0%

Favours integrated care Favours control

Figure 2. Comparison of integrated care with control for mortality (A, randomized controlled trials; B, nonrandomized trials).

Discussion

To our knowledge, this is the first comprehensive systematic re-
view with meta-analyses of integrated care in stroke showing
that integrated care was associated with improvements in QoL,
reductions in recurrent stroke, anxiety and depression and posi-
tive benefits on some cardiovascular risk factors but did not im-
pact mortality, major bleeding or readmission rates. Other

systematic reviews have evaluated interventions such as orga-
nized inpatient stroke care,?” exercise,*®*! early supported dis-
charge**™** and interventions for cognitive rehabilitation,*
depression®*® and anxiety*’ however none of these reviews were
conducted in the setting of integrated care.

Whilst some studies demonstrated a benefit in outcomes with
integrated care interventions, other studies using similar
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A
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bath 2018 93 1540 105 1530 22.4% 0.88 [0.67, 1.15] —
Cheng 2018a 7 207 11 200 5.1% 0.61[0.24, 1.55]
Fu 2020 14 265 10 130 6.8% 0.69 [0.31, 1.50]
Reeves 2019 17 178 7 88 6.0% 1.20[0.52, 2.79]
Saal 2015 3 119 4 111 2.3% 0.70 [0.16, 3.06]
Schwartzbach 2023 51 1203 50 1283 17.1% 1.09 [0.74, 1.59] S
Sharma 2019 9 351 20 335 6.9% 0.43[0.20, 0.93] -
Willeit 2020 91 1438 46 711 18.8% 0.98 [0.69, 1.38] .
Yan 2021 27 611 57 615 14.6% 0.48 [0.31, 0.74] —
Total (95% CI) 5912 5003 100.0% 0.79 [0.63, 1.00] S o
Total events 312 310
Heterogeneity: Tau? = 0.04; Chi? = 13.20, df = 8 (P = 0.11); I = 39% oiz 0? s : 2 5
Test for overall effect: Z = 1.99 (P = 0.05) Favours integrated care Favours control
B Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Deutschbein 2020 9 91 35 270 53.2% 0.76 [0.38, 1.53] —i
Mofidi 2018 5 243 2 133 10.2% 1.37[0.27, 6.96]
Nguyen-Huynh 2018 21 557 7 310 36.6% 1.67 [0.72, 3.88] L)
Total (95% CI) 891 713 100.0% 1.08 [0.64, 1.82]
Total events 35 44
Heterogeneity: Tau? = 0.01; Chi? = 2.08, df = 2 (P = 0.35); I = 4% 0?2 0?5 1 é é

Test for overall effect: Z = 0.28 (P = 0.78)

Favours integrated care Favours control

Figure 3. Comparison of integrated care with control for recurrent stroke (A, randomized controlled trials; B, nonrandomized controlled trials).

Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bath 2018 31 1541 14 1531 25.7% 2.20[1.18,4.12] B B
Schwartzbach 2023 31 1151 8 1152 24.1% 3.88[1.79, 8.40] - =
Sharma 2019 12 351 19 335 24.8% 0.60 [0.30, 1.22] — &
Willeit 2020 20 1438 15 711 25.3% 0.66 [0.34, 1.28] - &1
Total (95% CI) 4481 3729 100.0% 1.35 [0.56, 3.22] ————
Total events 94 56

ity: 2= - Chiz = = = - |2 = 849 + U u t + t
Heterogeneity: Tau? = 0.66; Chi? = 19.11, df = 3 (P = 0.0003); I> = 84% 01 02 05 1 ) s 10

Test for overall effect: Z = 0.67 (P = 0.50)

Favours Integrated care Favours control

Figure 4. Comparison of integrated care with control for major bleeding (randomized controlled trials).

interventions did not. These observations highlight a lack of con-
sensus over which components should form part of an integrated
stroke pathway and how they should be implemented. Indeed,
individual studies demonstrated that interventions such as exer-
cise, rehabilitation, risk factor management and mental health
initiatives were most effective at improving outcomes in people
with stroke. These included studies of cardiovascular exercise
and high-intensity rehabilitation that were associated with sig-
nificantly lower mortality rates.>?>** The EXPRESS study of
rapid assessment and treatment initiation with high-dose aspirin
or clopidogrel and intensive and regular follow-up demonstrated
a reduction in stroke risk and disability (mRS>2) even after
10years.* Similarly, the COMPASS study of combined anticoagu-
lant and antiplatelet therapy significantly reduced the risk of
ischaemic/unknown stroke in 1032 patients with prior stroke
(HR, 0.33, 95% CI: 0.14-0.77, P=0.01).>° The STROKE-CARD study,
a comprehensive disease management program delivered by a
multidisciplinary team that included risk factor management

and patient education, reported reduced cardiovascular risk and
improved QoL.** Studies employing interventions such as early
supported discharge, regular community follow-up, education,
cognitive and motivational training, and goal setting reported sig-
nificant reductions in the proportions of participants with de-
pression or anxiety and improvements in QoL,>****?>’ with
individualized care pathways and mhealth technology providing
substantial improvements in these outcomes.?%>°>860
Conversely, there are large and well-designed randomized tri-
als of comprehensive integrated care interventions that did not
demonstrate any substantial benefit over standard care. The
structured ambulatory post-stroke care program (SANO) study, a
1-year patient-centred integrated care intervention including
regular follow-up, lifestyle advice, goal setting and motivational
interviewing, demonstrated positive benefits in controlling CV
risk factors such as blood pressure and LDL cholesterol, but did
not reduce the rate of major cardiovascular events.®’ In the
Triple Antiplatelets for Reducing Dependency after Ischaemic
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_ Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Bath 2018 728 21.5 1556 72 224 1540 6.3% 0.04 [-0.03, 0.11] B
Bragstad 2020 436 052 166 4.43 05 156 5.6% -0.14 [-0.36, 0.08] -
Cumming 2019 -046 0.37 1054 -047 0.36 1050 6.2% 0.03 [-0.06, 0.11] T
Ellis-Hill 2019 57.6 19.32 25 55.5 21.49 22 3.3% 0.10 [-0.47, 0.67] S
Fu 2020 46.3 16 256 434 107 125 56% 0.20 [-0.01, 0.41] pas
Geng 2019 58.3 22.8 30 511 175 30 3.7% 0.35[-0.16, 0.86] T=
He 2023 7229 2694 161 64.72 2593 124 5.5% 0.28 [0.05, 0.52] Ea
Hijelle 2019 438 064 166 4.37 05 156 5.6% 0.02 [-0.20, 0.24] T
Jones 2016 34 08 36 3.1 0.8 30 3.8% 0.37[-0.12, 0.86] 7]
Lewthwaite 2018 771 192 119 71.3 24 242 5.6% 0.26 [0.04, 0.48] B
Liu 2014 63.7 145 121 383 232 122 5.2% 1.31[1.03, 1.59] e
Liu 2018 57.19 10.38 20 54.28 11.08 20 3.1% 0.27 [-0.36, 0.89] 1T
Minshall 2020 -62.55 20.5 50 -67 22.62 25 3.9% 0.21[-0.27, 0.69] -1
Mohammadi 2022 205.3 40.6 31 160.7 554 36 3.7% 0.90 [0.39, 1.40] -
Saal 2015 596 209 119 609 253 111 5.4% -0.06 [-0.31, 0.20] i
Shaw 2020 67.62 2167 219 63.71 222 231 5.8% 0.18 [-0.01, 0.36] [
Weijuan 2017 155.02 16.85 48 125.71 20.17 48 4.0% 1.56 [1.11, 2.02] -
Willeit 2020 085 025 1438 079 03 711 6.2% 0.22[0.13,0.31] -
Wong 2015 48.6 1.4 54 47.3 1.4 54 4.4% 0.92[0.52, 1.32] —
Wu 2020 190.57 5.09 30 1759 5.78 31 2.7% 2.66 [1.96, 3.36]
Xi 2017 72.68 12.84 45 64.13 13.26 45 4.2% 0.65[0.23, 1.07] —r
Total (95% CI) 5744 4909 100.0% 0.41 [0.26, 0.56] ‘
Heterogeneity: Tau? = 0.09; Chi? = 215.73, df = 20 (P < 0.00001); I = 91% 2 1 o 1 2

Test for overall effect: Z = 5.32 (P < 0.00001)

Favours control

Figure 5. Comparison of integrated care with control for quality of life (randomized controlled trials).

Favours integrated care

A Integrated care Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Avci 2023 5 33 7 30 27% 0.65[0.23, 1.83]

Bushnell 2021 485 1069 516 1193 22.0% 1.05[0.96, 1.15] ™

Deutschbein 2020 34 91 155 270 14.8% 0.65[0.49, 0.87] -

Fu 2020 95 270 53 130 15.6% 0.86 [0.66, 1.12] =1

Reeves 2019 38 178 17 87 82% 1.09 [0.66, 1.82] —
Schwartzbach 2023 375 1169 383 1216 21.3% 1.02[0.91, 1.15] T

Wang 2021 15 82 6 84 3.5% 2.56 [1.04, 6.28] O
Wong 2015 4 54 8 54 2.3% 0.50 [0.16, 1.56]

Yu 2019 27 611 57 615 9.7% 0.48[0.31, 0.74] - =

Total (95% CI) 3557 3679 100.0% 0.88 [0.73, 1.05] .

Total events 1078 1202

Heterogeneity: Tau? = 0.04; Chi? = 28.06, df = 8 (P = 0.0005); 12 = 71% sz oi = 2 5

Test for overall effect: Z = 1.43 (P = 0.15)

B

Favours integrated care Favours control

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chen 2016 2 168 11 173 11.6% 0.19 [0.04, 0.83] T T
Cuccurrullo 2022b 47 105 59 88 22.3% 0.67 [0.52, 0.86] -
de Belvis 2019 37 536 36 483 21.1% 0.93 [0.60, 1.44] "
Peng 2017 73 657 138 657 22.3% 0.53 [0.41, 0.69] -
Swanson 2019 230 898 320 2605 22.7% 2.09[1.79, 2.43] -
Total (95% CI) 2364 4006 100.0% 0.76 [0.37, 1.57] <
Total events 389 564 . ) . .
Heterogeneity: Tau? = 0.60; Chi? = 115.73, df = 4 (P < 0.00001); I =97% 001 o1 1 10 100

Test for overall effect: Z = 0.75 (P = 0.46)

Favours integrated care Favours control

Figure 6. Comparison of integrated care with control for unplanned readmission (A, randomized controlled trials; B, nonrandomized controlled trials).

Stroke (TARDIS) study, significantly more bleeding events were
reported overall in the TARDIS group (19.8%) compared with the
control group (9.1%, P < 0.001), prompting the study to be stopped
early.®? The Very Early Rehabilitation Trial for stroke study
(AVERT) showed significantly fewer participants in the AVERT
group had favourable outcome and there was no difference in
mortality or QoL.%*>%°

Overall, the results of this systematic review are inconsistent,
with 34% of reviewed studies showing no benefit over compara-
tor treatment and substantial heterogeneity between studies.

The centralization of stroke services and the creation of
HASUs has improved outcomes for patients compared with tradi-
tional stroke units, reflected in reduced mortality rates and hos-
pital length of stay®’ however there is currently no standard
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
5.1.1 Up to 6 months
Bragstad 2020 38 166 37 156  0.8% 0.97 [0.65, 1.43] —
Duncan 2020 1664 2689 2071 3193 39.7% 0.95[0.92, 0.99] L
Hjelle 2019 37 166 36 156  0.8% 0.97 [0.65, 1.45] —
Subtotal (95% Cl) 3021 3505 41.3% 0.95 [0.92, 0.99] ]
Total events 1739 2144
Heterogeneity: Tau? = 0.00; Chi? = 0.01, df =2 (P = 1.00); I = 0%
Test for overall effect: Z = 2.37 (P = 0.02)
5.1.2 Up to 12 months
Brandal 2019 1192 1432 23937 27554 56.6% 0.96 [0.94, 0.98] |
Graven 2016 7 48 16 46  0.2% 0.42[0.19, 0.92]
Yu 2019 38 121 54 121 1.2% 0.70[0.51, 0.98]
Zhang 2019 30 98 31 98 0.7% 0.97 [0.64, 1.47] 7
Subtotal (95% CI) 1699 27819 58.7% 0.83 [0.64, 1.07] -
Total events 1267 24038
Heterogeneity: Tau? = 0.04; Chi? = 7.89, df = 3 (P = 0.05); I> = 62%
Test for overall effect: Z = 1.46 (P = 0.15)
Total (95% CI) 4720 31324 100.0% 0.95[0.92, 0.99] )
Total events 3006 26182
Heterogeneity: Tau? = 0.00; Chiz = 7.71, df = 6 (P = 0.26); I2 = 22% 8.2 oi 5 1 2 5

Test for overall effect: Z=2.71 (P = 0.007)
Test for subgroup differences: Chiz = 1.19,df =1 (P =0.28), I? = 15.7%
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Figure 7. Comparison of integrated care with control for proportion of patients with depression by follow-up time.

Integrated care Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fu 2020 228 259 103 128 9.9% 1.09[0.99, 1.20] Bl
Langhorne 2017 480 1038 525 1045 37.7% 0.92[0.84, 1.01] —
Pedapati 2021 20 82 12 82 0.9% 1.67[0.87, 3.18]
Willeit 2020 1150 1413 536 704 51.5% 1.07 [1.02, 1.12] 1
Total (95% CI) 2792 1959 100.0% 1.02 [0.98, 1.07]
Total events 1878 1176 .

Heterogeneity: Chi? = 12.88, df = 3 (P = 0.005); I? = 77%
Test for overall effect: Z = 0.94 (P = 0.35)

05 07 1 15 2
Favours integrated care Favours control

Figure 8. Comparison of integrated care with control for proportion of patients with favourable outcome (mRS < 2).

HASU care pathway and outcomes vary widely as a result.®®¢’

Much of the published data on stroke care management is in the
acute setting,®® where integrated care plans such as early sup-
ported discharge®?**°36979 are often clearly defined however
less is known about patient care following discharge back into
the community and studies show that care from this point on-
wards is often discontinuous,”*”® which can result in unmet
needs and increased potential for hospitalization and institution-
alization.””> A recent Sentinel Stroke National Audit Programme
(SSNAP) annual report identified a decline in the proportion of
patients receiving a 6-month review and highlighted the need for
an adequately resourced multidisciplinary team of healthcare
professionals required to deliver the recommended amount of re-
habilitation of patients according to their need, especially in the
community setting.”*

Primary outcomes

Meta-analysis showed no difference overall in mortality between
integrated care and control or standard care. Although subgroup
analysis showed a significant reduction in long-term mortality in
favour of integrated care, there were only three studies in this
subgroup and the findings must be interpreted with caution. The
overall findings are consistent with the published literature with

systematic reviews of early supported discharge and exercise
showing no significant differences in mortality rates compared
with standard care.***+7%

A statistically significant reduction in recurrent stroke in fa-
vour of integrated care was observed with RCTs but not with
NRCTs. Few systematic reviews have directly assessed the im-
pact of interventions on recurrent stroke as an outcome however
the interventions in this analysis that were associated with
reductions in recurrent stroke (lifestyle and cardiovascular risk
factor management) have also been shown to reduce recurrent
stroke rates in meta-analyses.”®’®

Integrated care was associated with more major bleeding events
compared with standard care however the difference was not sta-
tistically significant (P=0.50). There are numerous meta-analyses
comparing oral anticoagulants for stroke prevention in patients
with atrial fibrillation (AF) and in general direct oral anticoagulants
(DOAC) have a lower bleeding risk than Vitamin K agonists
(VKA).”2 Combination treatment with anticoagulant and antipla-
telets is associated with increases in the risk of major bleeding in
cardiovascular disease (CVD).2*#* In this review, the TARDIS and
COMPASS studies reported increased major bleeding events
with triple therapy and reduced events with low-dose rivaroxaban
and aspirin treatment, respectively.*>®> Meta-analyses of major
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bleeding risk in stroke survivors are currently lacking in the pub-
lished literature.

Secondary outcomes
Overall, integrated care was associated with improvements in
QoL and the magnitude of improvement was greatest with the
SF-36 and SSQOL assessment tools however these findings must
be interpreted in the presence of substantial (>75%) heterogene-
ity between studies. Meta-analysis also showed that integrated
care was associated with statistically significant reductions in
the proportion of patients with anxiety and depression, with a
statistically significant benefit for the cardiovascular risk factors
of systolic blood pressure (SBP) and LDL cholesterol.
Improvements in QoL are documented in the literature with
interventions such as organized stroke care®” and exercise’>8>8¢
however the degree of improvement in QoL is difficult to define
due to lack of information.”®

Limitations

There is currently no standard or unifying definition of integrated
care and delivery is likely to be influenced by views and expecta-
tions of various stakeholders in the health system,* an observa-
tion that has been confirmed in studies of hyperacute stroke care
where different outcomes were reported due to differences in
care models and priorities.®®®” For example, centralization of
stroke services in London resulted in a significant reduction in
mortality rates since almost all London patients were treated in a
HASU and were more likely to receive evidence-based care
whereas stroke patients in Manchester were far less likely to be
treated in a HASU and receive evidence-based care, resulting in
unchanged mortality rates.°® The WHO reports large variations
in the definition of integrated care and for the purposes of this re-
view, we used a definition of integrated care developed by the
NHS and WHO (Supplementary Material S1) and included studies
where there was evidence of an integrated care approach accord-
ing to this definition however some studies could have been
missed during the literature searches if they were not considered
to be integrated care per definition. Due to the volume of pub-
lished studies in stroke, the search was restricted to 12years
however it is possible that some important studies could have
been missed if they fell outside of the search window. Most of the
integrated care trials in this review included multiple interven-
tions or comprised complete pathways and the effect of individ-
ual interventions could not be assessed.

Meta-analysis of outcomes indicates high heterogeneity be-
tween studies, in particular those evaluating QoL, which con-
founds interpretation of the findings. Due to the majority of
studies having small patient numbers and the paucity of data
available for some outcomes, the systematic review did not ex-
clude studies considered to be at moderate or high risk of bias
and these studies may have influenced the results of the
meta-analyses.

Conclusions

The findings of this systematic review demonstrate that inte-
grated care improves quality of life, reduces recurrent stroke,
anxiety and depression and is associated with a positive benefit
on some cardiovascular risk factors but does not impact mortal-
ity or readmission rates. Further research is necessary to fully de-
termine which elements of integrated care provide the most
benefit to people with stroke.
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