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Abstract

Background Reducing delays along the acute stroke pathway significantly improves clinical outcomes for acute
ischemic stroke patients eligible for reperfusion treatments. The economic impact of different strategies reducing
onset to treatment (OTT) is crucial information for stakeholders in acute stroke management. This systematic review
aimed to provide an overview on the cost-effectiveness of several strategies to reduce OTT.

Methods A comprehensive literature search was conducted in EMBASE, PubMed, and Web of Science until Janu-
ary 2022. Studies were included if they reported 1/ stroke patients treated with intravenous thrombolysis and/or
endovascular thrombectomy, 2/ full economic evaluation, and 3/ strategies to reduce OTT. The Consolidated Health
Economic Evaluation Reporting Standards statement was applied to assess the reporting quality.

Results Twenty studies met the inclusion criteria, of which thirteen were based on cost-utility analysis with the incre-
mental cost-effectiveness ratio per quality-adjusted life year gained as the primary outcome. Studies were performed
in twelve countries focusing on four main strategies: educational interventions, organizational models, healthcare
delivery infrastructure, and workflow improvements. Sixteen studies showed that the strategies concerning educa-
tional interventions, telemedicine between hospitals, mobile stroke units, and workflow improvements, were cost-
effective in different settings. The healthcare perspective was predominantly used, and the most common types of
models were decision trees, Markov models and simulation models. Overall, fourteen studies were rated as having
high reporting quality (79%-94%).

Conclusions A wide range of strategies aimed at reducing OTT is cost-effective in acute stroke care treatment. Exist-
ing pathways and local characteristics need to be taken along in assessing proposed improvements.
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Background

Worldwide, stroke is the second leading cause of death
and the most common cause of permanent disability,
resulting in huge societal and economic burdens related
to long-term care, rehabilitation, and productivity loss [1,
2]. Acute ischemic stroke (AIS) represents the majority
of stroke patients, and reperfusion treatments like intra-
venous thrombolysis (IVT) and endovascular thrombec-
tomy (EVT) have shown to be effective in improving
functional outcomes. Both treatments are highly time-
dependent, with IVT effective up to 4.5 h after symptom
onset and EVT within 6 h [3, 4]. For selected patients sus-
pected of a large vessel occlusion (LVO), EVT has shown
to be effective even up to 24 h [5]. Importantly, shorter
time from onset to treatment (OTT) with IVT or EVT is
associated with better functional outcomes [6—8].

Due to the time dependency of reperfusion treat-
ments, multiple strategies or interventions have been
proposed to reduce time delays along the acute stroke
pathway. Examples include educational interventions to
create awareness among citizens to contact emergency
services immediately following symptom onset [9], a
mobile stroke unit that brings IVT to the patient instead
of transporting the patients to the nearest IVT capable
facility [9], telemedicine solutions for expert opinion at
a distance [10], and workflow improvements including
inter-hospital patients transfer, teamwork and feedback
on performance [9, 11]. In addition, direct transport of
acute stroke patients suspected of LVO from the onset
scene to a comprehensive stroke center based on prehos-
pital triage instruments [12] is a promising alternative
organizational model, which could decrease the OTT
time for patients eligible for EVT [13].

While several strategies have been developed to reduce
time to reperfusion treatments, less is known about their
cost-effectiveness. As stroke incidence and its burden on
society are expected to increase [14], evidence generated
by economic evaluations of these strategies will support
policymakers, clinicians, and other stakeholders in decid-
ing how to allocate scarce resources whilst optimizing
clinical outcomes for patients. Therefore, the aim of this
study is to systematically review the cost-effectiveness of
strategies directed at reducing time to reperfusion treat-
ments for AIS patients.

Methods

Search strategy and study selection

This systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [15]. The search
strategy was constructed by the first two authors (C.P.N.
and W.J.M). Three electronic databases (EMBASE,
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MEDLINE/ Pubmed, and Web of Science) were searched
to identify relevant articles published between Janu-
ary 2010 to January 2022. The search strategy was based
on the PICOS format: The population (P) were ‘stroke’
patients, the intervention (I) ‘EVT or IVT’ and ‘reducing
time-to-treatment, and the outcome (O) was ‘incremen-
tal cost-effectiveness ratio’ (ICER). Comparators (C) and
study design (S) were not included to maximize records
retrieved. Our eligibility criteria were: (1) stroke patients
treated with IVT and/or EVT, (2) full economic evalua-
tion was performed (i.e., cost-effectiveness, cost-utility,
or cost—benefit analysis), and (3) strategies or interven-
tions that aim to reduce time to treatment or increasing
the proportion of eligible patients for treatment due to
time delay reduction. Papers were excluded if: (1) articles
published before 2010; (2) articles not written in English,
and (3) reviews, protocol papers, conference abstracts,
letters to editors, or case reports. All identified records
from three databases were stored in Endnote® X8 soft-
ware [16]. Details of the search strategy are reported in
the Supplementary Information (Appendix 1). In addi-
tion, a manual cross-reference of selected papers was
performed to include more relevant papers.

Study selection, data extraction, and quality assessment
were performed independently by two reviewers (C.P.N.
and W.J.M.). Disagreements were discussed between
reviewers until a consensus was reached. Discrepancies
were resolved by consulting a third reviewer (M.M.H.L.).

Data extraction and analysis

The following information was extracted from the
selected papers independently by two reviewers (C.P.N.
and W.J.M): country of origin, strategies including inter-
vention, comparator, type of economic evaluation, effec-
tiveness measurement, model type (i.e. Markov model,
decision tree or other), economic perspective, time
horizon, discount rate, reference year of cost, outcomes
including incremental costs, incremental effectiveness
and an ICER. An economic evaluation was stratified by
type of strategy or intervention and compared with the
same effectiveness measurement. An ICER was cal-
culated by dividing the different costs by the different
effectiveness of two strategies. The strategy or interven-
tion was considered cost-effective if an ICER was less
than the willingness-to-pay threshold mentioned in the
study. In case specific willingness-to-pay thresholds were
not stated in the study, the recommended threshold of
one Gross Domestic Product (GDP) per capita was used
according to the World Health Organization for cost-
effectiveness studies [17]. The strategy or intervention
was dominant if the strategy resulted in higher effective-
ness (i.e., QALY) and less costs than the comparator. In
case data were insufficient or unclear for data analysis,
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additional information was requested by contacting the
corresponding author of individual papers.

Quality assessment

For quality assessment, the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) guide-
line [18] was used, scoring a total of 24 criteria. Papers
were classified into three categories: high (75.0% or
more), medium (from 50.0% to 74.9%) and low quality
(less than 50.0%) [19, 20].

Results

Study selection

The initial literature search resulted in 1,790 records
(Fig. 1). After removing duplicates, 1,294 articles were
screened on title and abstract independently by both
reviewers, and 36 articles were considered relevant for
the full-text review. Of these articles, 18 articles were
excluded because of missing outcome measures (n=1),
missing time to treatment variables (n=13), miss-
ing full economic evaluation (#=2) and data duplica-
tion between articles (#=2). Two additional articles
were identified when an additional search in Pubmed,
EMBASE, and Web of Science was conducted until Janu-
ary 9 2022. Ultimately, 20 studies were included.
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Study characteristics

The majority of economic evaluations were conducted
in high-income countries, and only one study was per-
formed in an upper-middle-income country (China) [21].
Five studies were based in the United States [22—-26], one
study in Canada [27], 10 studies in Europe [28-37], one
study in Japan [38], one study in Singapore [39], and one
study in Australia [40]. The type of interventions varied
across studies, including educational interventions [23,
34, 39], organizational models [22, 24-27, 30-32, 36, 38,
40], healthcare delivery infrastructure [29, 33, 35], and
workflow improvement [28, 34]. An overview of all study
characteristics is provided in Table 1.

The majority of studies applied cost-utility analysis
(n=14) with quality-adjusted life year (QALY) (n=13)
[21-23, 26-30, 32, 34, 36, 38, 39] and disability-adjusted
life year (DALY) (n=1) [40] as the primary outcome of
effectiveness. Two studies reported cost-effectiveness
based on the IVT rate [29, 30], one study based on the
number of home discharges [20], one study based on
three outcome variables, including the IVT rate within
three hours from symptom onset, OTT time, and door-
to-needle time [25], and one study based on door-to-nee-
dle time, and death averted [37]. One study analyzed the
cost—benefit of the used strategy [31].

Most economic evaluations conducted a model-based
approach, while two studies were trial-based analyses [32,

Total identified (n=1790)

eEMBASE (n=580)
ePubMed (n=344)
eWeb of Science (n=866)

A 4

=| Excluded (n=496) due to duplicates |

| Title/ abstract review (n=1294) |

A4

Excluded (n=1258) |

| Full-text review (n=36)

Excluded (n=18) due to:

eCannot extract data (n=1)

> eNot time delay to treatment (n=13)
oNot full economic evaluation (n=2)
eDuplicate data (n=2)

Articles included in review (n=18)

Articles from reference lists (n=0)

Articles from additional search (n=2)

(n=20)

[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcation]

Articles included in final analysis

Fig. 1 PRISMA flow chart
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37]. Simulation modeling was applied in six studies [25,
29, 30, 33, 38, 40], decision tree analytic modeling was
used in four studies [24, 26, 34, 35], the use of a decision
tree and a Markov model was adopted in four studies [21,
27, 28, 36], and two studies used a Markov model [22,
23]. Additionally, one study used a population-level sys-
tems dynamics model [39], and one study did not report
a clear model [31].

Economic evaluations were analyzed from various
perspectives containing a healthcare payer or payer
perspective (n=7) [26, 27, 29, 32, 36, 37, 39], a hospi-
tal or healthcare provider perspective (n=3) [24, 35,
40], a national health service viewpoint (n=2) [28, 34],
a societal perspective (n=3) [21-23], a policy maker
viewpoint (n=1) [33] and a government perspective
(n=1) [38]. Hence, most of studies included medical
service costs, such as ambulance transportation, hos-
pitalization, outpatient visits, rehabilitation, and long-
term care. However, only two studies with a societal
perspective reported indirect costs (productivity loss)
[21, 23]. In three studies, no perspective was men-
tioned. One study included health care costs (ambu-
lance service, treatment costs, bed day, nursing home,
residential care home, assisted living facility, and carer

Table 2 Reporting quality assessment
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visiting) [30], and two studies considered interven-
tion costs and costs of different functional status after
stroke [25, 31].

Time horizons ranged from 90 days to a lifetime.
Seven studies used a 5-year horizon [23, 24, 29, 30, 32,
37, 40], and six studies employed a lifetime perspective
[22, 25, 27, 28, 34, 36]. A ninety-day horizon was used
in one study [26]. Discount rates were reported in 13
studies ranging from 1.5% to 5.0% [21-25, 27, 28, 32,
34, 36, 38—40]. Seven studies did not report any dis-
count rate. Of those, the discount rate was not appli-
cable for three studies due to a short time horizon of
90 days or 12 months [26, 31, 35].

Quality of studies

Total CHEERS scores, along with percentage scores of
included studies, are presented in Table 2. Fourteen
studies were assessed as high quality (ranging from
79.2% to 93.8%) and six studies as medium quality
(ranging from 66.7% to 72.9%). There were no studies
that were assessed as low quality. The assessment on
each item of the CHEERS statement is described in the
Supplementary Information (Fig. S1).

Study CHEERS score

Title, abstract, Methods (14) Results (4) Discussion (1) Other(2) Total % of Reporting quality

and introduction scores  items

(3) (24) scores
Ajmi (2021) [37] 2.5 10.0 2.0 1.0 2.0 17.5 729 Medium
Tan (2021) [21] 2.5 14.0 30 1.0 20 22.5 93.8 High
Coughlan (2021) [28] 2.5 12.5 40 0.5 2.0 215 89.6 High
Kim (2021) [40] 2.5 11.0 25 1.0 2.0 19.0 79.2 High
Morii (2021) [38] 2.5 1.0 35 1.0 20 20.0 833 High
Bayer (2020) [39] 1.0 12.5 3.0 1.0 2.0 19.5 813 High
McMeekin (2019) [29] 2.5 120 30 0.5 20 20.0 833 High
Stevens (2019) [23] 2.5 13.0 35 1.0 2.0 220 91.7 High
Whetten (2018) [26] 25 1.5 3.0 1.0 2.0 20.0 833 High
Yan (2018) [27] 0.5 135 30 0.5 0.0 17.5 729 Medium
Lahr (2017) [33] 3.0 10.0 3.0 1.0 2.0 19.0 79.2 High
Goff-Pronost (2017) [35] 1.5 10.5 1.0 1.0 20 16.0 66.7 Medium
Espinoza (2017) [36] 25 13.0 3.0 0.5 1.0 200 833 High
Torabi (2016) [25] 20 9.0 3.0 1.0 2.0 16.0 66.7 Medium
Gyrd-Hansen (2015) [32] 20 11.0 40 1.0 20 20.0 833 High
Penaloza-Ramos (2014) [34] 2.5 12.5 3.0 1.0 2.0 210 87.5 High
Dietrich (2014) [31] 2.5 9.0 4.0 1.0 0.0 16.5 68.8 Medium
McMeekin (2013) [30] 15 10.5 2.5 1.0 2.0 17.5 729 Medium
Demaerschalk (2013) [22] 25 13.0 2.0 0.5 20 20.0 833 High
Switzer (2013) [24] 25 12.5 25 1.0 20 205 854 High

High: % of items scores is 75.0% or more; medium: % of items scores is from 50.0% to 74.9%; low: % of items scores is less than 50.0%
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Results of economic evaluation

Included studies were categorized into four main groups
based on the type of interventions: (1) educational inter-
ventions, (2) organizational models, (3) healthcare deliv-
ery infrastructure, and (4) workflow improvements (see
Table 3).

Educational interventions Three studies assessed the
cost-utility of educational interventions to reduce time
delays to treatment in AIS patients [23, 34, 39]. Topics
varied across studies, including public campaigns, inter-
active interventions for patients (i.e. educational materi-
als, medical alert bracelets, and in-hospital interactive
group sessions), and training staff of general practitioner
offices. Irrespective of the type of intervention, all edu-
cational interventions were cost-effective as their ICERs
were lower than the willingness-to-pay thresholds. One
study even demonstrated that educational interventions
for both health staff and patients were dominant com-
pared to current practice (higher QALY gained (1.14-
2.26 QALYs) and saving $16,153- $32,305) [34].

Organizational models Over half of the selected stud-
ies (12/20) performed economic evaluations on organi-
zational models. Different strategies were considered,
including studies on telemedicine solutions between
stroke centers and community hospitals [21, 22, 24-26],
in-ambulance telemedicine [36], mobile stroke units [31,
32, 40], a combination of mothership model and drip-
and-ship model with alternative transportation modes
(ground or air) [27], prehospital redirection of patients to
regional IVT center instead of local stroke units [30], and
a mobile interventionist [38]. Most of these studies (11
out of 12) reported that interventions were cost-effec-
tive or dominant (higher QALY gained and saving costs)
[22, 24-27, 30-32, 36, 40]. However, one Japanese study
reporting on the use of a mobile interventionist showed
that this approach was only cost-effective in a specific
region (i.e. Kamikawachubu area in Hokkaido). In Hok-
kaido, the ICER of mobile interventionists was higher
than the threshold of $48,146 in other areas [38].

Healthcare delivery infrastructure Three economic
evaluations reported interventions related to the regional
healthcare delivery infrastructure for acute stroke care,
such as introducing new EVT centers [29], upgrading
hospitals to IVT-capable stroke care centers [33, 35] and
centralization of acute stroke care treatment [33]. Effec-
tiveness was measured as the percentage of the IVT rate
in two studies. Within these studies, the ICER ranged
from $56 to $660 per one percentage increase in the IVT
rate [33, 35]. One study showed that adding new EVT-
capable centers in their region gained an additional 213
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QALYs and saved £2,870,000 compared to the current
situation [29].

Workflow improvement Three studies assessed eco-
nomic evaluations of workflow improvements [28,
34, 37]. Implementing a quality improvement project,
including streamlining stroke care pathway and simula-
tion-based training, produced an additional $29 per min-
ute door-to-needle time reduction and $10,543 per death
averted [37]. One study evaluated inter-hospital trans-
fer by helicopter emergency medical service compared
to ground emergency medical service, which appeared
cost-effective at the threshold of £30,000 per QALY [28].
Another study demonstrated that an immediate com-
puted tomography (CT) scan strategy, in which the CT
scanner was moved closer to the emergency department,
was dominant when compared to current practice [34].

The ICERs of studies reporting QALYs (n=13) [21-23,
26-30, 32, 34, 36, 38, 39] were assessed as a proportion
of country GDP per capita (Fig. 2). Cross-study analysis
indicated that the strategies of educational interventions,
organizational models, healthcare delivery infrastruc-
ture, and workflow improvement were highly cost-effec-
tive with the ICER less than one times GDP per capita
(ranging from -1.58 to 0.85 times GDP per capita) in 11
studies. Stevens et al. showed that the educational inter-
ventions in the US exceeded one times GDP (1.05 to 1.49
times GDP per capita). However, organizational models
in Japan were not considered cost-effective in most of
regions with the ICERs ranging from 2.25 to 40.89 times
GDP per capita.

Three studies had more than 1 intervention (3 inter-
ventions in Bayer’s study, 2 interventions in Stevens’
study, 3 interventions in Ramos’ study); 1 intervention in
7 regions in Morii’s study. ICER: incremental cost-effec-
tiveness ratio.

The majority of included studies (18/20) performed
sensitivity analysis. Of these studies, probabilistic sen-
sitivity analysis was conducted in seven studies. More
information on the sensitivity analyses is summarized in
the Supplementary Information (Table 1).

Discussion

Principal findings

To our knowledge, this is the first systematic review on
the cost-effectiveness of strategies aimed to reduce OTT
time for AIS patients. Twenty studies met the eligibil-
ity criteria and were included in this systematic review.
Based on factors associated with time reductions along
the acute stroke care pathway [9, 11, 44], we categorized
strategies into four groups: educational interventions,
organizational models, healthcare delivery infrastructure



Page 10 of 16

(2023) 23:315

Nguyen et al. BMC Health Services Research

SNI123YJ3-150D ! 96'L 6CH'807S 679'807$ SN Jenfa1 s iun 4041 dIGO [L€] (?100) Yo
DS 'SA 2UIDIPaW9|9)
ueuiwod YATNARS - SAIVO 617 0v0'v$-  @dueInquue-ul yum paruswslddns g [9€] (£ 107) eZOUIdST
DS 'SA $221AJ9S 1oddns
1ueulwog YN - SAIVO 20 LT '1$- ASU2DIaW |BIgRID BN 01 SS9y [97] (8107) Ua1LaYpA
punoib Aqg diysiayiow
‘SA (Jle/punoib Aq diys-pue-dup + e
ueulwog 000'0S$VD - SAIVOEC00 GE0'CSYD-  /punoib Aq diysiayiop) [spoul fewindo [£2] (8107) ueA
Kemuyied a1ed 330115 [e1dsOY pue adue)
SAIID94J9-150D) 0000S$NV paplone ATvd /286'0€SNY poploAe ATvd ¥8'7 651'68¢'LSNY -NGuie pJepuels 'sA 11un 9304s 9|IqoN [ov] (1207) Wiy
AIVO/SLT8EY LS N UN - OlIysny Ul D 'sA 1siuOiUsAIS1UL 9[IGON
AIVO/668'8/0°LS N UN - 1YDBO[ Ul dD "SAISIUCRUSAISIUL 9|IGON
ung|
AWVO/LLS'£95$ 4N dN -IYSIN Ul gD "SA ISIUONUSAIIUL 3[IGOIN
1YyoeIos
AIVO/9€9'7€9'L 4N KN -B3eN Ul D 'SA 1SIUOIUAIDIUI 31O
AIVO/99/'696% UN YN oloddes Ui ¢ 'SA ISluORUDAISIUIL BIGON
9A129}J9-1500 JON AIVO/668'68$ SAIVO 8L YN OWINYOH Ul ¢D "SA ISIUORUSAIRIUI DJIGOIN
ngnyoeme|
SAI1D3)J9-150D) orL'8rs AIVO/TLS'TLS SATIVO €€ N -lWey| Ul 4D SA ISIUOIUSAISIUL S|IGOWN [8€] (120Q) oW
lueulwod 9¢/'1T$ - SAIVO 52600 £79%- SUIDIPIWSIS1 OU "SA SUDIPaWS|a] [12] (1z0?) ueL
s|jopow |euoneziuebiQ
dD SA
(SUOIIUSAISIUI [PUOIIEINPS JO SB1ISS)
1ueujwog - SAIVO V1L €G1'91$-  921AI3s AOuabIawa ||ed 03 aWl} NPy
dD 'SA x0Ns
ueulwoQ 000°0€$ - SAIVO 9C°C G0E'7eS-  9zIuboDaI Jo1eq 01 paulell ale JJe1S 49 [#€] (£107) Sowry-ezojeusd
AIVO/805'65$ SAIVO 210000 y00LS DS "SA(II) UOIUSAJSIUI SAIIDRIDIU|
(I1) 8A139Y=-150D 000'001$ ATVO/E79785 SAIVO 710000 G8LLS DS ’SA|[eUS1BW [BUOIEINPS PadURYUT [€2] (6107) SUaA1S
dD "SA SUOIIUSAISIUI SAL
ATVO/9LLy $AS SAIVO LLY6 000'000'20%$As 13y30 + ubleduied uonewoul d1jgngd
dD 'SA AT+ LA+ ubled
AIVO/655'51$AS SATVO LZle 000'000'€€$AS -Uled uoneuwlIojul 1jqngd
do
9A1D3Yy2-150) 000'0£$As ATVO/120'7$As SATVO L/ L 000'000£$QS  'SA LA+ ubledused uonewojul d1gnd [6€] (0z0T) 4oheg
SUOIJUDAI}UI [eUOIIEDNPT
uoisnpuo) ploysa4yL 43Dl SSDUDAIIBYS |eJUSWAIDU| SISO [RJUBWRIOU| Jojesedwod *SA UOIJUDAIDIU| Apnis

s)nsal Apnis € ajqeL



Page 11 of 16

(2023) 23:315

Nguyen et al. BMC Health Services Research

(sfendsoy g ut
S92IAI9S ADUSDISWS LM UONEINSUODD
-|91 pUB S}UN 3011S €) UOIIBNYIS JUDLND

dN dN 181 sIsAOqUIoIYY %1 /099% 184 SISA|ogUIOIY 9%+ 0 797$  "SA (SUIDIPAWS[) INOYUM) SHUN 40IIS 8 [S€] (£107) 150U0Id-}0D
dD "SA SIsAjoquioiyy
1noyum sieydsoy / pue sjeydsoy z ul
91l SISKOqWIOIYI 9% /95 3181 SISA|OqUIOIY} 989 G6E$ 918D 2404315 dA0IdUl pUR UOLIEZI|eIUDD)
dD 'SA sIsAjoquiodyy
1noyum siendsoy g ‘sjeudsoy ¢ ul a1ed
218 SISA|OqUIOIY 9% /1 /S 91eJ SISA|OqUIOIY} 9%t/ 0SS 04s aA0 dwl pue uonez|esuad)
(SIsAjoguioiyy yum sjendsoy Ayunw
-W0D 6) dD SA Ja1Uad 30435 03 s|eudsoy
UN N 318l SISAOqUIOIYI 961 /L 1S 91eJ SISAOqUIOIYY %0'8 7165 Auunuwwod 6 1e aied a30.s buiroidw) [€€1(£100) 1ye
ueuiwog 000'0€F - SAIVO €1T 000'0/8'CF SIRIUDD | A #¢ 'SA SI9IUD | AF 0€ [62] (6107) UMS3NIN
ain1onasesjul KI9AIIBp a1edyyesaq
1eak 1ad awoy pabieyd s9y0ds pue gny UdaMI13Q YIOMIdU OU
lueuiwog dN - -SIp syuaned aiow | 1’9 GEP'BGES-  'SAMIOMIBU 3X0.153]9) ods-pue-gnH [l (€107) 192UMS
sayods pue gny Usamiad 310mi1au ou
lueuiwog 000'0S$ - SAIVO ¢00 9LV LS 'SASIOMIBU oNIs3R1 Mods-pue-gnH  [27] (€107) lleydsisewaq
V65673 SHUN 3%011S 9INJE [BD0] 0] "SA SI9IUD
SAIIDYS-150D) dN AIVO/¥ES3F SAIVO 9l 0£/'9F  2DUIIDSOINBU [BUOIG3I 7 0} UONDBIIPY [0€] (£107) UPIRSINPIN
5ECT9€3 SW3
SANI3YJ3-150D) N AIVO /95+'7€3 SATVO £62 S67'€969  te|nbaisa djiqow Adusbiaw ons (€] (5107) UssueH-piho
dD 'SA I21UD
ueulwoQ dN - %501l 005'7yg$- 1 uonedo| uenisAyd +auipawalRl ||y
dD 'SA 121U 1e uonedo| uedIsAyd 4 sjey
ueUIWOQg N - %18 05/'081¢- -ldsoy Bul-191n0 Ul SUIDIPAWS|SL
dD "SA 23U 1B UOIed0|
ueuiwog 4N - %/'€ 005'7/%-  uepIsAyd a4011s 4 2UIDIPaWa|3) SUON
4D 'SA awoy e uoiedoj ueisAyd
lueuiwog dN - %S 00S'Cres- 0415+ s|endsoy |je Ul duidIPaWS|3L
(dwoy 1e uonedo| uepisAyd
9015 4 3UIDIPaW|) BUOU) ¢ SA
awoy 1e uonedo| uepisAyd a3011s +sjel
ueuiwog dN - Y € UIYHIM LAI %6 00571 LS- -idsoy Bull-123n0 Ul SUdIpaWSRL [s7] (9107) IqeJoL
uoisnpuo) ploysaiyl oHID| SSDUIAIIDDYS [EIUSWIDIOU|  SISOD [EIUSWDIDU| Jojesedwod *SA UOIIUBAIDIU| Apms

(penunuod) € ajqeL



Page 12 of 16

(2023) 23:315

Nguyen et al. BMC Health Services Research

[€7] 1LLOT U1 YN 3y3 ur ended sad 4aol

[z¥ ‘L] Y10z ul Auewuso ul ended uad 4gol 5

o13el 1503-1yaudg 4

591691115 OM] JO SSDUDAIIIDYD JUIBYPIP dY3 AQ S1S0D JUBIBHIP 343 BUIpIAIp Ag paie|nd|ed si (013e SSOUDAIIIRYD-1SOD [BIUBWAIOUI YID|

Jejjoq a1odebuls $gs ‘a1ed piepuels s Aeak a)1) parsnlpe-Aljenb 47y ‘pariodal 1ou Yy ‘siskjoquioys
snouaAeiul | A/ ‘4suonideld [ersusb ¢o ‘Aw0129quiolyl Je|NdSEAOPUS [ AT ‘S92IAISS [edIpaw Adusbiawa Sy7 1eak ay1| paisnipe-Ailjiqesip ATvq ‘AYydeibowol paxndwod ;) ‘andeid uaiind 4 ‘4ejjoq ueipeue) $o)

dD 'SA (plem Jusw
-Jiedap Aousbiswia ay3 01 J3SO[D ParOW

1ueulwog 000'0£$ - SKIVO 18'L €96'VTS- Jauueds |5 6'9) ueds | ) 21eipawiw]  [y€] (710¢7) Souiey-ezojeusd
SN punoib
(191dod1[2Y) 9A1109Y9-150D) 0000¢ ¥ AWO/LT0'8T3 SKIVO 710 68/'€3  'snJa1dodlpy Aq sjsuei [eudsoy-iau| [8¢] (1Z0T) uelybnod

123(0ud 1uswaroidul
Aijenb ou ‘sA buluiesl paseq-uoe|Nwis

pPa1IaAR Y1e3p/EHG'0 LS UonoNpal pue Aemyied a1ed 330415 Bululjweans
YN AIVO/000'€r$  SU1l 9|p93uU-03-100p AINUIW /67$ 4N YN papnjour 13foid Juswanoiduwl Ayjend [£€] (1200) wly
JuswaAo dwi MO0
uoisnjpuo) PloysaayyL eddD| SSOUSAIIISYS |eJUBWBIOU| S)SOD |ejusawa.idU| LOumthEOu ‘SA UONQUDAIRIU| >_usum

(penunuod) € ajqeL



Nguyen et al. BMC Health Services Research (2023) 23:315 Page 13 of 16
40.89

© )

2 40.00 3597

8 35.00 e

S

3 30.00 26.99

a 2426 @

8 25.00 .

6 20.00

c 14.19

5 !

£ 15.00 3

8 10.00

(]

o

2 5.00 149 1.0 2.25 090

@ 0.04 0.17 0.48 e 0.30-0.29 03l 037 0.02 ; 0.02 0.02

© 0.67 ~

& 0.00 e 0 @ o e o ° Py -1.58 ° ) PS 144 ° ©085 o o

w o 9]

2 500 Q‘ & s - = < = o o~ = €. e = =
& @ & L& e QS P L9 & & F§F £9 F& &y &
LSS 3 & N S & 3 ¢ SN S & & & ) >

& 7 R A G A AT
Y L9 & & ééb & &
5

@ Educational interventions @ Organizational models

Fig. 2 ICERs comparedto country GDP per capita

and workflow improvements. The results of this review
demonstrate that all intervention types may be cost-
effective or even dominant when compared with cur-
rent stroke care practices [21-29, 31, 34, 36, 39, 40].
Two studies in ‘organizational model’ category [30, 32],
in which the willingness to pay threshold was not stated,
were deemed cost-effective if the threshold of one GDP
per capita was applied [17]. Accordingly, these strategies
should be considered as interventions to optimize acute
stroke care systems, as they improve functional outcomes
for AIS patients and reduce long-term costs of disability
after stroke. However, some improvement approaches
might be region-specific, as Morii et al. [38] found that
a mobile interventionist strategy was cost-effective in
only one area (i.e. Kamikawahokubu) while not feasible
in other areas due to the close distance between the hub
and spoke centers and a relatively low incidence of LVO
patients. We could not conclude whether interventions
were cost-effective for two studies [33, 35] in the category
‘healthcare delivery infrastructure’ and for one study [37]
in the category ‘workflow improvement’ because the pri-
mary outcome was not measured in QALYs. In addition,
cross-study analysis of studies reporting QALYs showed
that all intervention types were highly cost-effective in
most of countries (11/13 studies).

In our review, 70% of included studies were classified
as high quality based on the CHEERS score. The majority
of the studies referred to a cost-utility analysis, in which
the study design (i.e. the perspective, time horizon, and
models) differed across studies. However, most of stud-
ies (16/20) showed that strategies aimed at reducing
the OTT time were cost-effective. Although strategies
were categorized into four groups, classifying articles
was not straightforward because various strategies were

© Healthcare delivery infrastructure

© Workflow improvement

simultaneously considered in economic evaluations. For
example, Penaloza-Ramos et al. conducted health eco-
nomic evaluations of seven strategies simultaneously,
including health staff training (in the ‘educational inter-
vention’ category) and timely CT scan (in the ‘workflow
improvement’ category) [34]. Bayer et al. performed the
cost-effectiveness analysis of combining a public infor-
mation campaign with five other interventions, such as
IVT and EVT treatment in the acute stroke unit, out-of-
hospital rehabilitation, and secondary prevention. The
results showed that combining interventions was the
most cost-effective strategy [39].

Policy relevance

Incorporating the cost-effectiveness evidence, apart from
the current set-up of regional stroke services, other local
factors need to be taken into account before intervening
in regional stroke care pathways, such as the incidence
of stroke, population density, and geographic location of
stroke centers. From a variety of possible improvement
strategies, policymakers and other stakeholders will have
to identify the ones most favorable in terms of effects and
cost implications. For example, the mobile intervention-
ist strategy is cost-effective in the specific area with a
high incidence of LVO, more than three-hour travel for
patients to a hub (intervention) center, and within one-
hour travel for interventionists [38]. Furthermore, Yan
et al. identified the optimal strategy in delivering EVT,
as the combination of both mothership model and drip-
and-ship model based on the geographical location of
stroke onset and stroke centers [27]. As such, it can be
inferred that multiple organizational models need to
be considered in stroke management according to local
characteristics.
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Strengths and limitations

The strength of our systematic review is in its wide scope,
providing a broad range of various strategies to reduce
time delay compared with focusing on one or more spe-
cific interventions. Additionally, all types of full economic
evaluations, with both trial- and model-based analysis,
were included in this review. Furthermore, it provides an
informative synthesis of the cost-effectiveness evidence
for all strategies, enabling better-informed decisions
in stroke care, especially in the context of constrained
health resources and the ageing population.

Nevertheless, several limitations in the review should be
noted. Firstly, direct comparison between strategies was
not possible due to heterogeneity across studies, such as
setting, effectiveness outcomes, and comparators. There-
fore, a ranking and assessment could not be offered. The
latter would be difficult, as generic weighing and balanc-
ing are impractical without taking region-specific charac-
teristics of the local setting into account. Instead, we offer
a narrative synthesis which will help local policymakers
to consider their individual options. Another limitation is
to include only English papers in the present systematic
review. However, no language restriction was applied in our
search strategy, and screening title and abstract revealed
that non-English articles also met other exclusion criteria.
Finally, the results of this review were based on published
studies only, thus potentially leading to publication bias.

Future perspective and recommendation

Our study demonstrates the cost-effectiveness of various
strategies aiming at reducing OTT, but other organiza-
tional strategies are currently lacking a cost-effectiveness
perspective. For example, the use of prehospital triage
tools to transfer stroke patients directly to the appropri-
ate target hospitals [45] or workflow improvements in
which suspected LVO patients are directly transferred
to the angiography suite [46] may be efficient solutions
to further reduce time delays to EVT initiation. This
emphasizes the need of economic evaluations for these
strategies.

There is also a notable gap persisting in the cost-
effectiveness analysis of strategies reducing OTT
time in low- or middle-income countries. In such set-
tings policymakers and health care providers are pos-
sibly in the phase of building infrastructure without
the opportunity to consider alternative organizational
set-ups (i.e. mobile stroke unit, mobile intervention-
ist) [47]. Although stroke remains a major cause of
death and disability worldwide, stroke incidence and
mortality rates recently have shown to decline in high-
income countries due to improvements in primary and
secondary prevention as well as in acute reperfusion
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treatments [48]. However, the trend in low- and mid-
dle-income countries is the opposite, resulting in a
significant stroke burden in these regions [49]. Given
the concerning shift in stroke epidemiology to low- or
middle-income countries, important choices lie ahead,
even when considering the very basic infrastructure.
Current economic evaluations use healthcare or payer
perspectives that do not include indirect costs of post-
stroke, such as productivity loss and informal caregiving
for stroke patients. However, indirect costs of post-stroke
account for approximately 33% of the total economic
burden of stroke [50]. There is a remarkable increase
worldwide in stroke incidence among younger groups
(i.e. less than 65 years old) [51], which is likely to increase
the indirect cost of stroke burden. Hence, future studies
need to take into account the lack of evidence of societal
perspective, and in low-and middle-income countries.

Conclusions

The results of this systematic review show that reported
strategies reducing time delay in stroke care services
are mostly cost-effective across different settings. While
the findings from this review provide mainly positive
results, local characteristics and background of regional
health care systems should be taken into account.
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