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Abstract

Background Ischaemic strokes are medical emergencies, and reperfusion treatment, most commonly intravenous
thrombolysis, is time-critical. Thrombolysis administration relies on well-organised pathways of care with highly skilled
and efficient clinicians. Simulation training is a widespread teaching modality, but results from studies on the impact
of this intervention have yet to be synthesised. This systematic review and meta-analysis aimed to synthesise the evi-
dence and provide a recommendation regarding the effects of simulation training for healthcare professionals

on door-to-needle time in the emergency thrombolysis of patients with ischaemic stroke.

Methods Seven electronic databases were systematically searched (last updated 12th July 2023) for eligible full-
text articles and conference abstracts. Results were screened for relevance by two independent reviewers. The
primary outcome was door-to-needle time for recombinant tissue plasminogen activator administration in emer-
gency patients with ischaemic stroke. The secondary outcomes were learner-centred, improvements in knowledge
and communication, self-perceived usefulness of training, and feeling ‘safe’in thrombolysis-related decision-making.
Data were extracted, risk of study bias assessed, and analysis was performed using RevMan'" software (Web version
5.6.0, The Cochrane Collaboration). The quality of the evidence was assessed using the Medical Education Research
Study Quality Instrument.

Results Eleven studies were included in the meta-analysis and nineteen in the qualitative synthesis (n= 20,189 total
patients). There were statistically significant effects of simulation training in reducing door-to-needle time; mean
difference of 15 min [95% confidence intervals (Cl) 8 to 21 min]; in improving healthcare professionals'acute stroke
care knowledge; risk ratio (RR) 0.42 (95% Cl 0.30 to 0.60); and in feeling 'safe’in thrombolysis-related decision-making;
RR 0.46 (95% Cl 0.36 to 0.59). Furthermore, simulation training improved healthcare professionals’communication
and was self-perceived as useful training.

Conclusion This meta-analysis showed that simulation training improves door-to-needle times for the delivery
of thrombolysis in ischaemic stroke. However, results should be interpreted with caution due to the heterogeneity
of the included studies.
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Background

Stroke is the second-leading cause of mortality world-
wide [1]. The vast majority of strokes have an ischaemic
pathogenesis [2—4] though underlying mechanisms may
be variable and complex [3]. From the onset of clinical
symptoms, the ischaemic core is surrounded by neu-
rons that may remain viable for several hours prior to the
development of irreversible ischaemic injury [5, 6]. This
affords a treatment window where prompt restoration of
blood supply may permit the survival of the threatened
neurons, known as the penumbra [6-9]. The determi-
nants of whether cerebral ischaemia leads to infarction
are anatomical (relating to the presence and extent of
protective collateral circulation) and time-critical, with
respect to having access to reperfusion treatment [10,
11]. Stroke patients identified early have the greatest
potential to benefit from reperfusion either via mechani-
cal thrombectomy (currently restricted mainly to special-
ised centres) [12] but more commonly with intravenous
thrombolysis using recombinant tissue plasminogen acti-
vator (rtPA), through therapeutic benefit diminishes with
time [6-9].

Consequently, emphasis on awareness of stroke symp-
toms and the time-critical nature of assessment has
increased through organisations like Brain Attack Coali-
tion [13] and public health campaigns. The adoption of
tools such as Facial drooping, Arm weakness, Speech
difficulties, and Time (FAST), now used widely by para-
medics, improves recognition and enables pre-alert of
the receiving hospital to patient arrival [14]. Reduced
time from the hospital door to rtPA administration
(door-to-needle time) [15] alone decreases mortality and
haemorrhagic transformation associated with ischaemic
stroke [6, 16], with a target of under 60 min set interna-
tionally [17-19]. Therefore, clinical pathways for emer-
gency stroke patients have to be responsive and efficient
throughout, from first notification by ambulance services
to the Emergency Department (ED), patient reception,
computed tomography (CT) imaging, through to obtain-
ing specialist radiology and clinical assessment to deter-
mine the best course of action, with the aim of swiftly
initiating intravenous thrombolysis if appropriate [20].
Barriers to administering rtPA to those patients who
may benefit include clinician uncertainty regarding the
administration of treatment with the potential to cause
harm and lack of practice in delivery [21, 22]. Current
stroke guidelines urge the establishment of educational
initiatives to improve outcomes in patients presenting as
emergencies with ischaemic stroke [23].

Simulation training has been widely used as an edu-
cational modality in several specialties with “time-
dependent” processes such as trauma care and life
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support [24—26]. However, adoption has been slower
within the neurological sciences [27], and evidence sug-
gests that human factors are the most significant rate-
limiting component in the delivery of emergency care
to stroke patients [28]. In this clinical context, simula-
tion training may provide an opportunity for teams to
increase knowledge and develop the processes, skills,
and teamwork required to optimise the safe delivery
of intravenous thrombolysis in educationally beneficial
representations of real-world environments [12, 29].

The effectiveness of simulation training on the inves-
tigated outcomes can be assessed using Kirkpatrick’s
Four-Level Training Evaluation model, which identi-
fies the effects of particular training on the organisation
level and patients as a whole [30], and is considered the
reference standard for evaluation of training in health-
care contexts [31].

Although there are numerous primary studies on the
effects of simulation training on door-to-needle time,
to the authors’ knowledge, no meta-analysis on this
topic exists. This systematic review and meta-analysis
aimed to address the gap in the literature by assessing
the effects of simulation training for healthcare profes-
sionals on door-to-needle time delivery of emergency
thrombolysis in ischaemic stroke.

Methods

Study design

This systematic review and meta-analysis were per-
formed per the guidelines of the Cochrane Handbook
of Systematic Reviews of Interventions [32] and the
Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA) statement [33]. Appendix 1
details the PRISMA checklist. The objective was to
synthesise the available evidence regarding the effects
of simulation training for healthcare professionals on
door-to-needle time delivery of emergency thromboly-
sis in ischaemic stroke patients.

Study eligibility

Any study investigating healthcare professional simula-
tion training with respect to intravenous thrombolysis
administration in stroke patients versus no intervention
was eligible for inclusion, with the primary outcome
being door-to-needle time and learner-centred sec-
ondary outcomes. Simulation training or activity was
defined as the complete set of events and actions that
occur from initiation to termination of a particular sim-
ulation event [34]. No intervention was defined as any
period without simulation training.

Table 1 illustrates the eligibility criteria.
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Table 1 Inclusion and exclusion criteria using the Participants, Intervention, Comparisons, and Outcomes (PICO) Framework [32]

Inclusion criteria

Exclusion criteria

Study design

Participants

Intervention

Comparisons

Outcomes

All study types and conference abstracts

All qualified (postgraduate) healthcare professionals in clinical
practice or clinical training who are involved with intravenous
thrombolysis administration as a treatment for ischaemic stroke

Any form of simulation training for ischaemic stroke intravenous
thrombolysis administration

No interventions/no simulation training (e.g. continued post-
graduate training without any forms of simulation, no change
to training curriculums)

The primary outcome of door-to-needle time for intravenous
thrombolysis administration

The learner-centred secondary outcomes of improvement

in stroke knowledge and/or feeling ‘safe’in thrombolysis-related
decision-making and/or self-perceived usefulness of simulation

Books, Commentaries, Editorials, Guidelines, Letters, News and Opin-

ions, Reports and Reviews
Healthcare (undergraduate) students or professionals in training

Healthcare professionals not involved with intravenous thromboly-

sis in the management of ischemic stroke

Other forms of teaching interventions. Training on other treatments

for stroke that are not intravenous thrombolysis

Other outcomes

training and/or improvement in communication

Study identification

The literature search was first conducted on 17th May
2023 and last updated on 12th July 2023 using EMBASE,
PubMed, PsycINFO, ERIC, CINAHL, Scopus, and
Google Scholar. The entry date was 1990 when the results
of the first recombinant tissue plasminogen activator
(rtPA) trial were published, which was followed by the
United States Food and Drug Administration’s approval
for rtPA as a treatment for acute ischaemic stroke in 1996
[35].

The search was performed by two independent
researchers (SA and AA). The search strategy included
MeSH and text search terms, agreed upon by the research
team, combined with Boolean operators “AND” and “OR”.
Details of the search strategies are listed in Appendix 2.

Electronic search strategies were limited to adult
humans (over 18 years old), and no restrictions on lan-
guage or publication types were applied. Citation lists
of included publications were manually scrutinised for
additional relevant studies, and a manual search of inter-
national conference abstract databases was performed,
including the Association for Simulated Practice in
Healthcare [36], Society for Simulation in Europe [37],
International Meeting on Simulation in Healthcare [38],
Australasian Simulation Congress [39], and the Interna-
tional Clinical Skills Conference [40].

Study selection

All titles and abstracts retrieved were independently
screened for relevance. Using Microsoft Excel®, dupli-
cates were manually removed, and non-relevant articles
were excluded. The full texts of all identified studies were
retrieved and assessed for eligibility independently by

two researchers (SA and AA). Studies meeting the eli-
gibility criteria were included following the Cochrane
Handbook for Systematic Reviews of Interventions.
Discrepancies between SA and AA were discussed and
agreed upon with a senior reviewer (AM), ensuring no
potentially relevant papers were discarded.>?

Data extraction

Data were extracted based on the guidelines for health
care simulation research [41] and inputted into a Micro-
soft Excel® spreadsheet (Appendix 3). Non-English
articles were translated completely. All corresponding
authors of included studies with any missing data were
contacted.

Data synthesis

Quantitative analysis was performed using RevMan"
(Web version 5.6.0, The Cochrane Collaboration) [42]. A
meta-analysis was performed for the primary outcome,
with results expressed as mean difference with 95% con-
fidence intervals (CI) and secondary outcome results
expressed as risk ratio (RR) with 95% CI. Where possi-
ble, median and interquartile range (IQR) values were
converted to mean (X), and standard deviation (SD) using
the X = % and SD = Q‘Bgl formulae [43]
(Q; =25th and Q;=75th percentiles). A p-value of<0.05
was considered statistically significant. Heterogeneity
between studies was assessed by the I? score, using the
random-effects meta-analysis model to account for data
heterogeneity [32]. Two sensitivity analyses were per-
formed for the primary outcome. The first included stud-
ies eligible for meta-analysis with low-to-moderate risk of
bias and the second, studies of moderate-to-high meth-
odological quality. Subgroup analysis was not performed
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for the primary outcome due to insufficient details on
patient characteristics being available.

Assessment of risk of bias and study quality

The Cochrane ‘Risk of Bias in Non-Randomised Studies
of Interventions’ (ROBINS-I) tool was used to assess the
risk of bias [44], with graphs generated by Robvis [45].
Appendix 4 includes details of the ROBINS-I assessment.
The quality of the included studies was assessed using the
Medical Education Research Study Quality Instrument
(MERSQI); low-quality studies scored MERSQI <12 [46].

Results
Identification of studies and study selection
The complete search strategy identified 1590 potentially
relevant articles. After duplicate removal and independ-
ent assessment of titles and abstracts for relevance, 287
were selected for full-text review. Nineteen studies [47—
65] met the inclusion criteria and were included in the
systematic review, ten full-text articles [47, 51, 52, 55-58,
60, 63, 65] and nine conference abstracts [48-50, 53, 54,
59, 61, 62, 64]. Eleven studies with complete data were
included in the meta-analysis [47, 49, 51, 52, 55-58, 60,
63, 65].

Figure 1 outlines the PRISMA flow diagram following
the Cochrane Handbook for Systematic Reviews of Inter-
ventions [32].

Study characteristics

Of the nineteen included studies published between 2016
and 2023, seven were conducted in the USA [50, 51, 53,
55, 58, 61, 64] three in Germany [47, 52, 63], two in Aus-
tralia [54, 59] and one each in Austria [62], Brazil [56],
Czech Republic [65], France [57], Japan [49], Norway
[60], and the United Kingdom (UK) [48]. One full-text
article published in German was translated [47]. Eleven
studies included a total number of 20,189 patients [47, 49,
51, 52, 55-58, 60, 63, 65], and the remaining eight studies
did not report patient numbers [48, 50, 53, 54, 59, 61, 62,
64]. Thirteen studies included 1197 healthcare profes-
sionals [47, 50-53, 55-58, 60, 61, 63, 65]; and the remain-
ing six did not report participant numbers, 484954596264
All studies compared door-to-needle times before and
after simulation training. Thirteen studies reported mul-
tidisciplinary cooperation [47-49, 52-54, 56, 57, 59, 60,
62, 63, 65], five focused on physicians [50, 51, 55, 58, 61],
and one on nurses [64]. Manikins were used for simula-
tion training in five studies [47, 50, 52, 56, 63], four stud-
ies used hospital staff as patients [53, 57, 58, 65] four used
simulated patients [55, 59-61], (one specifically recruit-
ing previous stroke patients) [60], and six did not specify
(48, 49, 51, 54, 62, 64].
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Three studies utilised Crew Resource Management
aspects in reducing door-to-needle times [47, 52, 63].
Crew Resource Management is a training concept focus-
ing on non-technical and behavioural skills such as situ-
ational awareness, decision-making, leadership, and
teamwork [66, 67].

Four studies evaluated improvements in knowledge
[47, 51, 52, 55], and four assessed the self-perceived use-
fulness of simulation training [52, 60, 63, 65]. Two studies
assessed feeling ‘safe’ in thrombolysis-related decision-
making [47, 52], and two evaluated improvements in
communication [47, 65]. Concurrent with the introduc-
tion of simulation training, five studies underwent stroke
protocol revisions [49, 54, 55, 60, 62] three used multi-
faceted interventions [47, 48, 54] and one began another
door-to-needle time-related project in their Emergency
Department (ED) 6 months after the introduction of the
simulation intervention [51].

Table 2 presents the characteristics of the included
studies. Appendix 5 presents a list of excluded studies
(n=32 studies).

Outcomes
The outcomes are divided into primary and secondary
outcomes.

Primary outcome

Door-to-needle time Eleven studies were eligible
for meta-analysis on door-to-needle time (n=20,189
patients) [47, 49, 51, 52, 55-58, 60, 63, 65]. Meta-analysis
showed a statistically significant effect favouring post-
simulation training in reducing door-to-needle time
compared to pre-simulation training, with a pooled effect
size of —14.2 (95% CI—20.6,—7.7) (Fig. 2). The heteroge-
neity was high (I?=98%). The quality of studies ranged
from 11.5 to 14.5 on the MERSQI scale.

The studies not included in the meta-analysis due to
incomplete data [48, 50, 53, 54, 59, 61, 62, 64] individually
showed reduced door-to-needle times post-simulation
training. Three studies reported median reductions to
54 [59], 51 [54], and 32 min [62], respectively, and four
studies reported mean reductions of 17 [48], 11 [64], 9.7
[50], and 9 min [53], respectively. In addition, one study
reported a 100% improvement post-simulation [61]. The
quality of studies ranged from 9.0 to 12.0 on the MERSQI
scale.

Sensitivity analysis

Sensitivity analysis was performed for the primary
outcome of door-to-needle time in nine studies with
an overall low-to-moderate risk of bias [47, 49, 51, 52,
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Records identified through database
searching
- (n =1,585)
© Additional records identified
® EMBASE (n = 208), PubMed (n = 1,176) through databases for
:.'4_’ PsycINFO (n = 3), ERIC (n = 0), conference abstracts and
= CINAHL (n = 3), Scopus (n = 2), reviewing citation lists
3 Google Scholar (n = 193) (n=5)
Records after duplicates removed
o (n =1,140)
£
c
3
G v
(/2]
Records screened Records excluded
(n =1,140) > (n = 853)
Reports excluded, with reasons:
2 v Off topic:
= A Not simulation training: (n = 220)
)
=) Reports as(sneisgg;)o r eligibility Not thrombolysis or door-to-needle: (n = 16)
i
Other reasons:
Reviews: (n = 14)
— v Books: (n = 3)
Total studies included in Commentaries / Editorials / Letters / News
qualitative synthesis and Opinion / Reports: (n=15)
(n = 19) 47-65
(10 full-text articles and 9 Total: (n = 268)
— conference abstracts)
[
©
=
: l
=
Total studies included in
quantitative synthesis
(meta-analysis)
(n =1 1) 47,49,51,52,55-58,60,63,65

Fig. 1 Flowchart according to Preferred Reporting Items for Systematic Revi

55-58, 63]. Meta-analysis results remained consistent
with a statistically significant pooled effect size favour-
ing post-simulation training, mean difference—15.7
(95% CI—24.1 to —7.3) min (Fig. 3).

A sensitivity analysis was also performed in seven
studies [52, 56-58, 60, 63, 65] of moderate-to-high
methodological quality on the MERSQI scale (>12.5
out of 18), also with a statistically significant pooled
effect in favour of post-simulation training, mean dif-
ference — 11.6 (95% CI—19.8 to — 3.5) min (Fig. 4).

ews and Meta-Analysis (PRISMA) methodology

Secondary outcomes

Improvement in acute stroke knowledge Four stud-
ies [47, 51, 52, 55] assessed improvement in knowledge
through surveys, reporting improvements ranging from
46.6% pre-simulation training to 84.6% post-simulation
training. Meta-analysis showed a statistically significant
effect in favour of post-simulation training in improving
healthcare professionals’ acute stroke knowledge, with a
pooled RR of 0.42 (95% CI 0.30 to 0.60) (Fig. 5).



Page 6 of 19

(2024) 9:11

Aljuwaiser et al. Advances in Simulation

obpajmouy siskjoq
-WO0JY1 SNOUSARIIUI Ul JusWaAoId W]

Sl 22WI1 9|Paau-01-100(J
ocl Wi} 8|PasU-01-100(
Sl W} 9|Pa3uU-031-100(
oLt 2wl 9|pasu-01-100(

UOIIEDIUNWILIOD U JudWaAcIdW|
EIERENIN

31Nde U] suoisidap Bujew ajes Huijaa4
abps|mouy siskjoq

-WOJY} SNOUSARIIU| U JudWaA0IdW|

dwies100q JUpISaI JO-3UQ

UOISSs Bujules) uoieINWIS Jo-auQ

paypads 10N

UoISSas Bujulel} Uo[RNWIS JO-aUQ

s1edk 7 1oy
'SI9Q WIS WBa] 940J1S M3U Jo Bul
-151su0d ‘syuedpinied 1yb1o 01 dn yum

suepisAyd buipuaiie

0115 PUB ‘SMO|[3) DY041S ‘SIUDPISI JO]
-uas Ag pajey|ioey sem dwied 100q ay |

(SOLIUSDS {7 UO PIsSeq) Sased Y03
21n2e Jo uolieudsald d11eId0S Yim
9SIN0OD UOMR|NWIS Paseg-a5e)

J3UQSP 41941 01U pa1eIodiodul sem
Y2I1ym ‘olleuads a1 bujwioyad
pade1oapiA aiam siuedidiied [SUUOS
-1ad ge| uone|nwis 3yl Ag paj|01uod
upjiuew e BuIsn ‘padojaAsp S1om
SoLIeuUaDs bulules| paseq-uone|nwis

$951n02 buluien
UOIBINWIS PUB $24N303| [PUdSOY-Ul
Buisiuebio Ag bujulely uonenwis

(soleuads
pa1e[NWIS) Bululel uoneNWIS NIS-U|

JuaWabeuey 321N0saY

M1 JO $3dadUOD B UO PIseq sem
uoIeINWIS Wea) 9%041S 3y "ol
-e[nwis ay1 InoybBnoiyl siarswleled
£101€]N2112 3|qRLEA YIIM SOLIBUDS
pa1e|NWIS 9Y3 10} P3SN S 1ey} 10}
-IUOW DIUI[> (B4 B O} PR1ISUUOD
‘SUBIUBUI P3]|01IUOD-D10WI B

1uswinedap A>usbiaws :jendsoH
(7-ADd pue

'€-ADd ‘T-ADd) siuapisay ABojoinaN
sleuolssajo.d aJedyiesH

G| :SIsules| Jo lsquinp

sjusned
86 :BulUes} UOHRINWIS-1SOd »
syuaned g/ :bujulel) uonenuIs-aid - VSN

‘sjuaned Jo JaquinN (1612102 210 4Ny

JUSWUOIIAUD

Buluies| paseqg-uonenwlis :[eudsoH

(L-ADd—sIeak

151y) S1uapIsal ABojoInaN :sjeuolssajoud
2IBD1|BaH ¥ :SJ2UIB3| JO JaqUInN VSN
payiads jou :syuaned jouaquinN - [0S] Z10T e 32 uospieydly

payidads J0u—(213uad 3|buls) :|eldsoH

(wea1 Aseunjdidsipinwi) weay

20115 91N2e 's|euolssajoid aledyl|esH

payIDads 10U :SIaUIe3| JO JSqUINN

syuaned

9¢ :Buiules} UoReINWIS-1S0d «

syuanned gf :bululel) UOIIBINWIS-31d * ueder
:suaiied Jo JaquInN [6¥] £10T '|e 1@ eieyO

1uawiedap Aouabiawa :jendsoH

4e1s [eo1bins pue
|eDIPaW :s|euolssajoid aiedyljesH
payInads 10U :sIaUIe3)| JO JSqUINN
payiads Jou :syusned Jo saquiny

wopbury pauun

(871 910C '[e 13 UOSIS1eM
K1abinsoinaN pue
ABOJOIN3N 10§ 213U SY1 1B WOOY
AKousbiawi3 |ea1bojoina :jendsoH
$359ND [eUISIXD
9 pue ‘syuapnIs /G ‘siuelsisse Abojoipel
|BDIUYD3)-[BDIPaW pue ABojolIpeIoINaU
G 's9sinuU 1uswWedsp Aduabiawa
8¢ 'syuapisal Abojolpeloinau g
‘syuapisal Abojoinau g€ ‘sisijerdads
ABojoinau g :sjeuoissajoid a1edyieaH
|G :SI2Ule3] JO IaqUINp|
siuaned

€8 :bulule uoneNWIs-150d «

syuaned Og :bululel} uoneNWIS-aid « AuewiaD

0zl LW} 3|pa3u-01-100Q sdnoub |jews uj bujuies Ajyauop sapn|oul bujulely uoneNwis 3y :suai3ed JO JaqUINN [£¥]1 9107 ‘e 12 I|eayeL
(bururesy
10SYIN 2Jnsesaw awodIn0 Buiuiesy jo yibua uonejnwis yo adA}) uonuanialu| ‘bumas ‘syuedpiyied A1unod “eak Loyiny

SolpNis poapn|dUl JO Soiislisldeley) g ojqel



Page 7 of 19

(2024) 9:11

Aljuwaiser et al. Advances in Simulation

SOl 2wl 9|pasu-01-100(

0ct WU 9|pasu-01-100(

24eD 30I1S
91N2e Ul SUOISIDap Buiew ajes buljea4
Bujuresn uon

-B|NWIS JO SS2UINJSN PaAIRIRd-J|9S
obpajmouy siskjoq

-WOIY} SNOUSARAIUL Ul JUaWaA0Id W

UOIIBINP3 %0415 JOj UOIRINWIS NS
-U] U0 pUe SUO[RINWIS 3}IS-}O IO

OlJRUIDS UIW-06 B YUM
UoISS3s Bululel} UOHRINWIS JO-aUQ

sjeydsoy bunedpipied UaASS 9yl INO
-ybnoly3 syruow g Jano buiuiely

JusW

-an0Jdwl o9pInb 01 pasn sem aHe100)
09pIA ‘JuaUMedap Aduabiawa ay3 ul
UoIe|NWIS NHS-Ul 9Y3 SeMm || 95eyd
uIea) 9035 9Y3 1oy

Olleuads juaped papnpul bul

-UleJ} UOIIBINWIS 31 JO | 95y

SIS
-A|oquIoIY3 JO UORIRIISIUILIPE B3 pue
1191113 UOISN|IX3,/UOISN|DUl 3} 918
-njead 03 15160j0IN3U 3y 03 sbulpuy
1134} pake|as pue A103sIy pasndoy e
003 uone|NWIS aY3 Ul siuedidpied
"9UWOIPUAS dlaydsiway 1ybu
P31RJISUOWSP SORUIDS AU} pue
(S9SINU DAY) SI9PUOASI DH0J1S PO
papn|pul Bujulel) uopenwis ay |

swordwiAs oy1|-ax0ns

BuppIwIW 49Y312.1$ e uo pade|d pue
'POO|G [BIDYILIE YLIM P3]|Y SEM JOUUOWI
2Y1]941] B 01 PAIDSUUOD “Upjiuew AllopY
-yb1y Pa)]|0J1U0D-210WRI Y “UIueW
AlPpy-ybiy e buisn jeydsoy bunedion
-Jed 4oes Ul Uea) UONeINWIS 9yl Yaim
Bujules} paseq-uonenwis
JUsWabeur|y 921N0SaY

mai Jo sajdpund ayy bulkaauod 1un
90.1S Y2 JOJ SISUIRI) WES) 3OS

(Auswpedsp Adousabiawla) uonenuis
N1Is-Ul pue (21U uone|nwis [eadsoy)
SMUS-HO "243UD Alers) ;|eudsoH

4Je1s suonesiunul

-WOD puUe UO[IRIIS|UIWLIPE ‘SD13ay1saeur
‘ABojoipes 01 uonIppe ul ‘suepiuld
uolIedNPS [BDIUlD pue ‘AdUablawa
‘Wea) 011S s|euoissajoid a1edylesH
payIDads 10U :sIaUIe3)| JO JSqUINN
payiads Jou :syusned Jo saquuny

Juswpedaq Aouablsw] :eydsoH
sis1wol0galyd 0| pue ‘suepiuysal ABo
-|oipel 9 ‘sysioewleyd  ‘s1sibojoinau

9 ‘sueisAyd Juswnedap Adousbiawa
8 's9sINu Juawliedap Aouablaws

€61 :sjeuolssajoid aiedyijeay

/81 :SIaUIe3| JO JaqUINN

payidads Jou :syusiied Jo Jaquuny

(SHUN 940115 USASS JO
|B10}) SHUN 3¥013S [eUOID3I INOJ pue
SAISUSYIdWOD 921Yy3—(10MISN Jejnd
-seA0Ina Aseul|didsipiaiul) :s|eudsoH
(21edpdpied jou
pIp LNpjuel [eudsoH ANsIaAIuN)
S1UN %0115 9 W04} SJleuuonsanb ayy
pa19|dwod sjeuoissajoid a1edyieay
751 sjeudsoy usAas woly buiuies
UOIIB|NWIS UIBS) 9%013S 91IS-UO Ul
paiedidiled (suepiuydal pue ‘sasinu
‘sueidIsAyd :sjeuoissajold aledyijeaH
9/ | :SI2UJe3)| JO JAqUINN
syuaned

Z1 1 :buluren uonejNwis-1sod «
syuaned

7z :bujuresy uone|nwis-aid «

eljeasny
[7S] £10T '[e 32 S|pUIM

vsn
[€5] £10¢ '|e 39 BueyD-as|

Auewian

0€l 29U 3|P33u-01-100( wiea) 9041S JO SINOY J|ey e pue Om| 91PDNPa 0] JeulWas Jaulell-ayl-ules| :syuaned Jo JaquinN [2S] £10¢ ‘|e 18 ljeayel
(bujureny
10SYINW 2Jnsesaw awodIn0 buiuiesy jo yibua uone|nuwis Jo adA}) uonuaniU| ‘bumas ‘syuedpiyed A1unod Jeak Loyiny

(panunuod) g ajqey



Page 8 of 19

(2024) 9:11

Aljuwaiser et al. Advances in Simulation

Syl

o€l

0¢l

22WI} 9|PaauU-01-100(J

22WI1 9|Pa2u-01-100(J

22WI1 9|Pa9u-01-100(J

obpajmouy siskjoq
-WO0JYl SNOUSARIIUI Ul JuswaAoIdW|
-2WI 9]Pa3U-03-100(Q

S1USPISal ABOJOINSU 7-ADd 1UDIIND I0J
1834 K19A3 ‘Aep U0 JIIAO UOISSIS dUQ

suelisAyd Aousbiaws Aq

21025 9[eDS OIS YI[edH JO SINIsU|
[euolieN ay3 buisn pue sax011s bul
-12919p Ul $3sInU 361 JO S||14S pue
abpajmouy ay1 sAroidwi 0} pawly
Bujuren jo Aep sup

syuow | | Jono
SUOISSas Bululely ussybIg

(sabeuwl

|ed160jo1pel pue ‘e1ep ge| ‘swol
-dwis Jo A101sIY papn|dul sased ayl)
ABp 3UO JSAO $358D 30415 UMY

958D Yoea yum buiejauiod sbul

-puy [ed1bojoinau (04 bundidsp pue
sa112ubIA 9¥oAs Bulkelniod ‘(sasinu
ABOJ0IN3aU) SI01DR SAI| paUleI] Pasn
SUOIBINWIIS 930115 9POD 320N

syualed paie)

-NWIS UO O3PIA A191D0S Je|NdSeACINaU
|BUOIIBU UDUI4 243 Bulydiem Jaye
2102S 3]G 90S YI[eaH JO seIn
-11su| |euoneN ay3i wioyiad 01
suepisAyd Ag Bulures uonenwig
UO[12313P 330135 10§ |00}

QW] Yoaads Wiy 9de4 ay1 Ajnuapl 0}
$3SINU JUN %0115 0M) Aq pake|d sased
[EDIUID BUISN UOIIBINWIS SAIDRISIU]
p=q

[eudsoy e uo juanied ay) saieNWIS
‘D)7 ‘as|nd |esaydiiad ‘spunos peay
‘ainssaid poojq diWiw 03 3|ge (jedIPaN
|epISET J0IBINWIS STY) UBjIUBW B UO
paseq 2. $358D PIe|NWIS 3y "SUOIS
-15ap Buoim Bupiew yeis Juswiiedap
Aouabiawa pue sIaquiaul Ajiwes
SNOIXUE Se UDNSs saBua|eyd yaim Ajiuie)
sjusljed/weal ay3 JO SIaquiaw se
sjeuolssajold a1edyijeay bulajoul
‘011eUDS SNOIIIDY B JO Sa1aUbIA 358D

S9119UDIA [eDIUID PaPN|DUl S3SED Y|
'syualied PasipIepURlS UO SIUDAD j|
-|eal bupied||das ‘pareald alam ‘axois
9POD JO (SOLBUIIS [EDIUI[D) S3SBD D0\

1uawiiedsp Abojoinau jendsoH
s1uapisal Abojol
-N3U 7-ADd :S|euoissajoid a1edyyjeaH
0 :slaules)] Jo Jaquunp
syuaned

9/ :bujulel} uopeNWIS-150d »
syuaned

7/ :Bujulel) uopeNwis-aid -
:syuaned Jo Jaquunp

(SIUSUWIUOIIAUD pale|
-nwis) syun Aouabiawa g :[eudsoH
$9SINU pue suepIsAyd
AKouabiawa :sjeuoissajold aledyijeaH
7/ 1SI9UIR3)| JO JIQUINN
syuaned

£9¢ :BujulRI} UONRINWIS-1SOd +
syuaned

8¢ :bulule) UoKeINWIS-31d «
:suaiied JO JISqUINN

sjeydsoy om pue
SOIUIP Adusbiauwa 9313 :|e1dsoH
2led [eydsoy-aid pue sal
230115 W0y :s|euolssajold aiedyijeay
721 isIauiea| JO JISqUINN
sjusned
661 :DUIUIRI} UONBINWIS-1SOd
syuaned 06 :bululel) uoneNWIS-3id «
'sualied Jo JBqUINN

ge uonenwis :jeudsoH
(€-ADd 9 pue Z-ADd /) sueisAyd
1USPISaY :S[euolssajoid aiedyyjesH
€ sI2ules| Jo JlagquunN
sjusned
|7 :BulUlRI} UOIIBINWIS-1SOd
syuaned ¢ :bujulel) uoneNWIS-aid «
:syuaned Jo JaquinN

VSN
(8] 810T e 19 BIYSN

2ouel4
[£5]1810T '|e 19 11aegasaeH

lizeig
[95] 810 e 39 Oyfense)

VSN
[SS] £10T e 1= uepiz

10S43IN

2Jnseaw sawodnQ

buiuiesy jo yibua

(bujureny
uone|nuwis Jo adA}) uonuaniU|

‘bumas ‘syuedpiyed

A1unod Jeak Loyiny

(panunuod) g ajqey



Page 9 of 19

(2024) 9:11

Aljuwaiser et al. Advances in Simulation

06

o€l

oLl

SWi 9|Pa2U-03-100(

QW] 9|P=osU-01-100(

Bujuren uon
-B|NWIS JO SS2UINJSN PaAIRIRd-}|9S
-2UWI 9]Pa3U-03-100(

QW 9|PadU-031-100(

payDads 10N

s||e> 30.3s Bupniels 210529 [eydsoy
AJUNWWOD P 1 SIUSPISI dUIDIPAW
[BUISIUI || 10} UOISSS JO-3UQ)

SUOISSaS UONB|NWIS 07 JO [PI0]
‘9sned Y1UOW-i B YLIM (Ul 09 A|91ew
-1xoidde Bupse|) uolssas Ajyoam auQ

1B | J9AO UOIIRIOI AIDAS UOISSSS SUQ

payldads 10U s|ie1sp
—UOoIIUAIRIUI Bululell UoREeINWIS

pade103PIA SBM UOISSS UOIIRINWIS
UL (U ¥ UILIM S0S dIWdeyds|
21NJe Ue PUE Y € UIYLM 358D 93013S
lwaeyds| 23n2e 3Uo) syusiied pasipie
-puels Buisn SOLIPUSDS 358D JUIBYIP
OM) P3PN|DUI UORRINWIS 3Y013S 31Ny

59582 3Ji|-|eal bupdIWIW

'solIeUDS Pa1diids papnpdul ieyl
SUOISSaS Bululel) Paseg-UoIenuls
N)IS-Ul 9Y3 Joj syuslied paleinulis se
pa1oe syuaned 901S SNOIASIY

syuaned paieinwis papnjaul
soleuads ay] "dnoib bunedidiied
2e3 JO 195 ||I)S 9y3 uo Buipuadap
paidepe sem pue uoISNPI0 A1aLie
[B4g19D 3|PpPIW 1YyDII JO 95ED [l B UO
paseq sem Buiulesy uonenuis

JusWiedap Aduabiawa :|eydsoH
(weay Aseurdidsipiaiul) aied

20115 91N2e :s|euolssajoid aledyleaH
payIDads 10U :SI9UJed)| JO JAqUINN
pay1dads Jou :s1usned Jo JaquinN

[eudsoy Ajiunwiwiod :jendsoy
S1USPISAI BUIDIPSW [BUISIUI :S[RUOISSD)
-01d 21eDY}1[edY 77 :SI9UIRD)| JO JIGUINN
pay1dads Jou :susned Jo JaquinN

SWool
Aousbiauwla pue syun a%041s :[eydsoH
siensibal Abojoinau pue ‘siaydeibo
-|pel ‘s15160|01PRIOINBU ‘$3SINU WO
AKouabiawa ‘s35160|01pe) [eUOIIUSAIDIUI
‘sopaweled ‘sysibojolpel ‘suelisAyd
90115 :s|euoissajold aiedyijeay
017 :sJauiea] Jo Jaquinp
siuaned

061 :Bujules UoIeINWIS-1S0d «
siuaned

66¢ :Buules) uoneINWIS-91d -
'sualied Jo JaquINN

payidads jou :|e}dsoH

wIea) 940135 :S|euolssajoid a1edy3jeaH
payY1Dads 10U :SIaUle3| JO JSGUINN
payidads jou s1usned Jo JaquinN

elsny
[¢9] 0C0C "|e 12 |2gng

vsn
[19] 610 e 12 ybuis

KemioN
[09] 6102 e 10 Iwly

ejjelisny
[651 810T "|e 18 s1spues

10S43IN

2Jnseaw sawodnQ

buiuiesy jo yibua

(bujureny
uone|nuwis Jo adA}) uonuaniU|

‘bumas ‘syuedpiyed

A1unod Jeak Loyiny

(panunuod) g ajqey



Page 10 of 19

(2024) 9:11

Aljuwaiser et al. Advances in Simulation

AnsiBa1 siskjoquioayy/axo1s [eldsoy Woiy pauleIqo SIaM SaWL} 3|Padu-03-100( ,

sawwesboid Buluiely Aouapisal SN Ul Jeap 1enpesbisod ADd

uawiniisul Ayjend Apnis Yyoieasay uoneonpd [edIpan [OSYIN

'SUOIIDINGIQQY

56

o€l

UORDIUNWWOD Ul JuswaAoidu|
Bujues uon

-BINWIS JO SSAUINJISN PAAIDDISC-)|9S
U1 9]Pa3U-03-100(

aWi} 9|PadU-01-100(]

Bujules uon
-B|NWIS JO $S9UINJISN PaAIDDId-|9S
-2UI 9]Pa3U-03-100(

$9SIN0D Q| 4210
peaids Hujurel} uonejnwis Aep-jjeH

pouad
YIUOWI-6 © ISAO PRIDHO SIIey S||IYS Uon
-B|NWIS 9AY JO SUO puane 01 paiinbal
2J9M $35INU Juswedaq Adusbiaw]

Buiuiel) UO UBYL 2J0W PIAISIS)
uedpied oN Y € Ajo1ewixoidde
Bunse| sals USASS a1 JO Ydes 1e
Bululel] WLl 9X0.3S JO SAep [Ny OM |

syuained palenwis se bunoe

yeis [eydsoy yum ‘sesodind jeuoned
-npa 10} pardepe sa5ed DA joquIoIy}
3JI| |B] UO Paseq 31aM SOLIBUIDS
(UOISN|DUOD «—

BUYSIGIP «— UOIRINWIS «— BuyaLq)
SOLIEUSDS UOIB|NWIS JO SPUNOI OM|

95INu JusWedap Aouabiows
padusliadxa ue Ag palell|ioe) Sem
uoneNWIs 3y “(payidads 10u s|ierap)
Siuaiied 930115 9POD JO 24D Sy Ul
$95INU JO sdnoib Ag pawiiogad aiom
SOLIUSDS UOIIRINWIS 90115 ‘Ge| Uole|n
WIS Y1 Ul SJIBJ S||IXS UONBINWIS DY) 1Y

sbulpuy [es

-IbojoIpel Jussald 01 Pasn S49M Sueds
1D "UOIIEDIUNUIWIOD WeS} UO SN0 O}
uofe|NWIS 9Y3 9SIpJepuerlS pue swieje
Kioyendsaiolpied ayi apiroid o)
WI1SAS Bupouow B Yum suyiuew
A)|2py-ybiy pasn solleuads uolienuwis
pa1d1Ids Jo bujutes uonenuis
Buyalgap «— uon

-B|NWIS «— BUYalIg Se paInIdNIIs sem
UOoeNWIS "UONEBINWIS NYIS-Ul SY3 0}
siseq ,sueal 94011 3yl SeM UdIym
JUSWSbEUB| 32IN0S3Y M3ID) UO
paseq SUONDNPOIIUI [BD112I03Y |

$211U9D uoneINWIS paddinbs :jeldsoH

$9SINU 7€ pue (s3s160joInau Ajpsow)

sueIsAyd 79 :sjeuolssajoid aiedyyjesy

76 :S19UIe3)| JO JSQUINN
syuaned

880¢ :bujuIes) UORINWIS-1SOd »
syuaned

970"y | :Bululel) uoneNwIs-ald «
:syuaned Jo JaquinN

ge| uone|nwis :jedsoH

$9SINU JUswWIedap

Kouabiawa :sjeuoissajold a1edyijeaH
pay1Dads 10U SIaUles| JO JSGUINN
payidads Jou :suaned Jo JaquinN

sjeudsoy AusisAiun Jo

Syuswnedap Aousbiaws ul sa13uad
-0INaU a1ed Aleual UsASS :s|elidsoH
[(suediuysa1 Abojolpel pue A1}

-el0qe|) SIDYI0 99 ‘SIUSPNIS %%t ‘SasINU
%07 ‘suedisAyd Joluss %g| ‘suedisAyd

151[e1D3dS 94/ ‘SIUBPISDI 9401 Ue)
%011 :sjeuoissajoid aiedyijeay
08| :SI2UJe3)| JO JAqUINN|
syuaned

691 :Bujules uoie|NWIS-150d
syuaned

G/ | :Bbuluresy uone|nwis-aid «
:syuaned Jo JaquinN

olgnday ysaz)
[S9] €207 '[e 38 BAOPOQOAS

vsn
[¥9] CZOT '[e 12 mayy

Auewian
[£9] 7Z0T '[e 12 uuewIyog

10S43IW

2Jnseaw sawodnQ

buiuiesy jo yibua

(bujuresy
uonejnwis jo 3dK1) uonualAu|

‘bumas ‘syuedpdiyed

A13unod “eak Loyiny

(pPenunuod) zajqel



Aljuwaiser et al. Advances in Simulation (2024) 9:11 Page 11 of 19

Post: P training Mean difference Mean difference

Study or Subgroup Mean [mins] SD [mins] Total Mean [mins] SD [mins] Total Weight IV, Random, 95% CI [mins] IV, Random, 95% CI [mins]
Tahtali et al., 2016 23 17.7 83 43 216 50 8.7% -20.00 [-27.10, -12.90] J——

Ohara et al., 2017 58.3 16.29 36 76.3 242 46 8.2% -18.00 [-26.79, -9.21]

Ruff et al., 2017 56.3 244 98 83 28.1 72 8.4% -26.70 [-34.79 , -18.61] —_—

Tahtali et al., 2017 323 13.3 12 44.2 224 122 9.2% -11.90 [-16.58 , -7.22] -

Zidan et al., 2017 40 5 41 52 10 34 9.4% -12.00 [-15.69 , -8.31] -

Carvalho et al., 2018 95.5 17.7 199 137.1 216 90 9.2% -41.60 [-46.70 , -36.50] —_

Haesebaert et al., 2018 98.4 36.4 363 98.8 40 328  9.0% -0.40[-6.12, 5.32] —

Mehta et al., 2018 58.3 258 276 67.9 25.1 172 9.2% -9.60 [-14.43 , -4.77) —_

Ajmietal., 2019 15 10.5 190 29 16.3 399 9.6% -14.00 [-16.19, -11.81] -

Bohmann et al., 2022 359 19.8 169 38.3 213 175 9.3% -2.40[-6.74 , 1.94] -t

Svobodova et al., 2023 24 133 3088 26 16.3 14046 9.7% -2.00 [-2.54 , -1.46]

Total (95% Cl) 4655 15534 100.0% -14.19 [-20.64 , -7.74] <

Heterogeneity: Tau* = 111.57; Chi* = 435.58, df = 10 (P < 0.00001); I* = 98%

Test for overall effect: Z = 4.31 (P < 0.0001) .50 .25 50
Test for subgroup differences: Not applicable Favours post-simulation training Favours pre-simulation training

Fig. 2 Random-effects meta-analysis assessing door-to-needle time (mins) pre- and post-simulation training

Post: g P ] Mean difference Mean difference
Study or Subgroup  Mean [mins] SD[mins] Total Mean [mins] SD[mins] Total Weight IV, Random, 95% CI [mins] IV, Random, 95% CI [mins)
Tahtali et al., 2016 23 iy = 2 83 43 216 50 10.9% -20.00 [-27.10, -12.90] —
Ohara et al., 2017 58.3 16.29 36 76.3 242 46 10.4% -18.00 [-26.79, -9.21]
Ruffet al., 2017 56.3 244 98 83 28.1 72 10.6% -26.70 [-34.79 , -18.61] —_—
Tahtali et al., 2017 323 133 12 44.2 224 122 11.4% -11.90 [-16.58 , -7.22] ——
Zidan et al., 2017 40 5 41 52 10 34 11.5% -12.00 [-15.69 , -8.31] -
Carvalho et al., 2018 95.5 17.7 199 137.1 216 90 11.3% -41.60 [-46.70 , -36.50] —
Haesebaert et al., 2018 98.4 36.4 363 98.8 40 328 11.2% -0.40[-6.12, 5.32] —
Menhta et al., 2018 58.3 258 276 67.9 25.1 172 11.3% -9.60 [-14.43 , -4.77) —
Bohmann et al., 2022 35.9 19.8 169 38.3 213 175 11.4% -2.40 [-6.74 , 1.94] —t
Total (95% CI) 1377 1089 100.0% -15.72 [-24.14, -7.31] ‘
Heterogeneity: Tau® = 156.51; Chi* = 179.88, df = 8 (P < 0.00001); I* = 96%
Test for overall effect: Z = 3.66 (P = 0.0002) 50 25 0 25 50
Test for subgroup differences: Not applicable Favours post-simulation training Favours pre-simulation training

Fig. 3 Sensitivity analysis using a random-effects meta-analysis for studies with low-to-moderate risk of bias

Post-simulation training Pre-simulation training Mean difference Mean difference
Study or Subgroup Mean [mins] SD [mins] Total Mean [mins] SD[mins] Total Weight IV, Random, 95% CI [mins] IV, Random, 95% CI [mins]
Tahtali et al., 2017 323 133 12 44.2 224 122 14.2% -11.90 [-16.58 , -7.22] —
Carvalho etal., 2018 95.5 17.7 199 137.1 216 90 14.0% -41.60 [-46.70 , -36.50] ——
Haesebaert et al., 2018 98.4 36.4 363 98.8 40 328 13.8% -0.40[-6.12,5.32) ——
Mehta et al., 2018 58.3 25.8 276 67.9 251 172 141% -9.60 [-14.43 , -4.77] —
Ajmietal., 2019 15 10.5 190 29 16.3 399 14.7% -14.00 [-16.19, -11.81] -
Bohmann et al., 2022 35.9 19.8 169 38.3 213 175 14.3% -2.40[-6.74 , 1.94] —f
Svobodova et al., 2023 24 133 3088 26 16.3 14046 14.9% -2.00 [-2.54 , -1.46] .
Total (95% CI) 4397 15332 100.0% -11.64 [-19.76 , -3.52] ’
Heterogeneity: Tau* = 115.48; Chi* = 351.74, df = 6 (P < 0.00001); I* = 98%
Test for overall effect: Z = 2.81 (P = 0.005) .50 .25 0 25 50
Test for subgroup differences: Not applicable Favours post-simulation training Favours pre-simulation training

Fig. 4 Sensitivity analysis using the random-effects meta-analysis for studies with moderate-to-high methodological quality

Feeling ‘safe’ in thrombolysis-related decision-mak-  Self-perceived usefulness of simulation training Four
ing Two studies [47, 52] assessed healthcare profession-  studies assessed the self-perceived usefulness of simula-
als’ feelings of ‘safety’ in thrombolysis-related decision-  tion training using Likert scales, showing relatively high
making, reporting improvements ranging from 26.7 to  scores of 95.5% [63], 90.0% [60], 88.4% [52], and 85.0%
74.3%. Meta-analysis showed a statistically significant [65], respectively (Table 3A). The average improvement
effect favouring post-simulation training with respect to  score was 89.7%. No pre-simulation data was available;
improved feelings of safety in thrombolysis-related deci- therefore, meta-analysis was not possible.

sion-making, with a pooled RR of 0.46 (95% CI 0.36 to

0.59) (Fig. 6).
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Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Tahtali et al., 2016 37 45 21 45 24.9% 0.33[0.17, 0.66) —

Ruff et al., 2017 9 1 10 14 5.2% 0.64 [0.14 , 2.86] —_—
Tahtali et al., 2017 128 152 99 152 64.3% 0.45[0.30, 0.69] -

Zidan et al., 2017 1" 13 8 13 5.6% 0.40[0.09, 1.70] —

Total (95% CI) 221 224 100.0% 0.42[0.30, 0.60] >

Total events: 185 138

Heterogeneity: Tau? = 0.00; Chi* = 0.85, df = 3 (P = 0.84); I? = 0%
Test for overall effect: Z = 4.91 (P < 0.00001)
Test for subgroup differences: Not applicable

0102 051 2 5 10
Favours post-simulation training Favours pre-simulation training

Fig. 5 Random-effects meta-analysis of improvement in acute stroke knowledge pre- and post-simulation training

Post-simulation training  Pre-simulation training

Risk ratio Risk ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Tahtali et al., 2016 31 45 12 45 30.1% 0.42[0.27 , 0.68] B

Tahtali et al., 2017 113 152 70 152  69.9% 0.48 [0.35, 0.65] -

Total (95% Cl) 197 197 100.0% 0.46 [0.36 , 0.59] ‘

Total events: 144 82

Heterogeneity: Tau? = 0.00; Chi* = 0.16, df = 1 (P = 0.69); I> = 0% 02 05 1 2 5

Test for overall effect: Z = 5.92 (P < 0.00001)
Test for subgroup differences: Not applicable

Favours post-simulation training Favours pre-simulation training

Fig. 6 Random-effects meta-analysis of healthcare professionals feeling ‘safe’in thrombolysis-related decision-making

Table 3 Secondary outcome measures post-simulation training
communication

(A) perceived usefulness of training (B) improvement in

(A) Author, year

Tahtali et al. 2017 [52]
Ajmi et al. 2019 [60]
Bohmann et al. 2022 [63]
Svobodova et al. 2023 [65]
Author, year

Tahtali et al. 2016 [47]
Svobodova et al. 2023 [65]

Perceived usefulness of training (post-simulation training assessment)
% that rated useful

88.4%

90.0%

95.5%

85.0%

Improvement in communication (post-simulation training assessment)
Improved to 90.0%

Improved to 77.0%

Two studies [47, 63] expressed interest in regular simu-
lation sessions; one reported that 93.6% of participants
would welcome annual training [63], another desired
annual (46.0%) and semi-annual (49.0%) repetition of
training [47].

Improvement in communication Two studies [47, 65]
assessed improvements in communication post-simula-
tion, reporting 90.0% [47] and 77.0% [65] improvement
(Table 3B). No pre-simulation data was available; there-
fore, meta-analysis was not possible.

Publication bias

A Funnel plot of the eleven studies included in the meta-
analysis with respect to door-to-needle time was gener-
ated. Visual inspection reveals asymmetry (Fig. 7).

Risk of Bias (ROBINS-I) in included studies

The risk of bias was assessed using a ROBINS-I risk-of-
bias graph (Fig. 8A, B). Most studies had good participant
selection of healthcare professionals and outcome meas-
urements, with low deviations from intended interven-
tions. Bias from confounding, missing data, and selective
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Fig. 7 Publication bias of eleven studies included in the meta-analysis of door-to-needle time

reporting of results were difficult to assess due to insuf-
ficient information. One study had an overall low risk of
bias [57], eight had a moderate risk of bias [47, 49, 51, 52,
55, 56, 58, 63], two had a serious risk of bias [60, 65], and
eight had insufficient information [48, 50, 53, 54, 59, 61,
62, 64].

Heterogeneity

No studies were excluded based on methodological het-
erogeneity. There was a high estimate of statistical het-
erogeneity (?=98%) in those studies included in our
primary analysis with respect to door-to-needle time for
intravenous thrombolysis in ischaemic stroke patients
(Fig. 2).

Discussion

In this systematic review and meta-analysis, we found
that simulation had a beneficial effect, reducing door-
to-needle time for the emergency delivery of intrave-
nous thrombolysis in patients with ischaemic stroke
by about 15 min. For each minute in a middle cerebral
artery stroke without treatment, around 1.9 million
neurons are lost [68]. Each 15-min reduction in delay
to treatment may achieve a 4% increase in good clinical
outcomes [69]. As such, numerous guidelines are advo-
cating for a downward revision in door-to-needle target
times, aiming for under 30 min [70]. Given the well-
established relationship between early recombinant

tissue plasminogen activator (rtPA) administration and
improved patient outcomes [70], an improvement of
this magnitude has important clinical implications.
Despite notable methodological and statistical het-
erogeneity among the included studies, sensitivity
analysis corroborated the collective impact favouring
post-simulation training. Methodological variances
arose from several sources. The studies were conducted
across ten different countries, each with particu-
lar healthcare system nuances. Though international
stroke care standards are recognised, these may be
harder to fulfil in some settings than others, and the
areas for gain with regard to improving door-to-nee-
dle times may vary greatly. For example, delays may be
apparent to a greater or lesser extent at different points
in the patient journey, dependent on resources such
as a dedicated stroke physician or access to computed
tomography (CT) scanning. Such variations would
be challenging to control for, even in multicentre ran-
domised controlled trials. Moreover, study participants
varied significantly in terms of numbers and healthcare
professions, including physicians of various levels of
experience, from stroke care specialists to radiologists,
paramedics, and nurses. There was also diversity in the
approaches to conducting simulations, both in terms
of the environments the simulations were conducted
in, ranging from in situ simulations to classroom-
based scenarios, and how patients were represented



Aljuwaiser et al. Advances in Simulation (2024) 9:11 Page 14 of 19

(A) Risk of bias domains

Q@.OC.QQQQQQQQQO.Q

000000000000000000
000000000000000000

X Yo Y Ctolor YYor Y Y ¥ Yo
000000000000000000

®
®
®
®
®
©
@
@
o
L2
®
®
®
@
)
)
)
)
o

®
®
©
®
~

Domains:
D1: Bias due to confounding.
D2: Bias due to selection of participants.
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.
gg: gias due to missing datfa. . Low

: Bias in measurement of outcomes. . "
D7: Bias in selection of the reported result. . Noilnformation

(B)

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Overall risk of bias

o.l
) I

0 25% 50%

~
a
2

100%

- Low risk D Moderate risk . Serious risk . No information

Fig. 8 Risk of bias (ROBINS-I) of studies included in the meta-analysis



Aljuwaiser et al. Advances in Simulation (2024) 9:11

within the simulations, ranging from patient actors to
manikins.

While implementing simulation training, five studies
concurrently revised their stroke protocol, raising the
possibility of validation bias, and three used multifac-
eted interventions, increasing confounding and difficulty
attributing complete improvements in door-to-needle
time to simulation training alone. However, simulation
training cannot be considered a stand-alone activity in
itself but rather one part of a multi-faceted approach to
quality improvement, systems redesign and testing, and
team/organisational culture [71, 72]. Translational simu-
lation for transformative rather than pedagogical pur-
poses is being recognised as a growing field as a means
to promote change within clinical systems [73-75]. Con-
sidering that simulation training is an entanglement of
activities in process and quality improvement, such as
testing new protocols, a different sensitivity analysis, and
separating studies with concurrent interventions, was not
conducted.

Despite the explained methodological diversity across
the studies, there was adequate consistency in reported
outcomes related to door-to-needle time and learner
experiences to synthesise the results. Our findings align
with existing literature on the application of simulation
training to enhance aspects of care in other emergency
patient scenarios, such as cardiac arrest [76], cardiac
catheterisation [77], extracorporeal membrane oxygena-
tion [78], and maternal cardiac arrest [79].

With respect to our learner-centred secondary out-
comes, we found that stroke subject knowledge, clinical
perception of safety in thrombolysis decision-making,
self-perceived usefulness, and communication were all
found to increase after simulation training, mirroring the
existing literature from other clinical environments [80—
82]. Drawing a direct causative relationship is not possi-
ble for these qualitative outcomes, but it seems likely that
the suitability of simulation training for understanding
and improving macro-ergonomics and human factors is
important [83].

The successful and timely administration of intrave-
nous thrombolysis involves highly complex systems and
multidisciplinary teams. Expert consensus acknowledges
simulation training as particularly beneficial for test-
ing, practising, executing, and evaluating peri-operative
microsystems [84]. These microsystems are also high-
risk, complex hospital systems involving large multi-
disciplinary teams caring for patients having surgical
procedures, and our findings support the possibility that
this also applies to acute stroke management. Addition-
ally, simulation training is well-recognised for its ben-
efits in multidisciplinary team education [85, 86], which
may contribute to our findings of an overall reduction in
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door-to-needle time. Simulation training in neurocriti-
cal care has been slower to gain acceptance compared to
other medical disciplines [87]. This may be partly due to
the challenge of replicating time-sensitive neurological
emergencies like stroke and status epilepticus using sim-
ulation manikins or actors [86, 87].

Kirkpatrick’s model for evaluation of training is a four-
step model which categorises learning outcomes into
four levels: (1) reaction, (2) learning, (3) behaviour, and
(4) results [88]. In clinical environments, Level 4 out-
comes can be represented by patient-centred outcomes.
This review implies that both Level 2 (learner-reported
outcomes) and Level 4 outcomes (door-to-needle time)
align with Kirkpatrick’s scale. A recent systematic review
that covered a wide range of medical education simula-
tions only identified 13 studies for inclusion and reported
a paucity of studies employing Kirkpatrick’s Level 4 out-
comes to evaluate simulation training [89].

While the overall quality of the studies included in this
review is, at best, moderate, it is worth noting that this
study is not the first to question the quality of studies in
simulation training. Even when reviewing randomised
controlled trials of simulations [90], authors found a high
risk of bias (86%), a lack of reported findings (4%), an
absence of registered protocols, as well as various issues
with blinding and concealment. While simulation train-
ing appears to be a valuable technique in various aspects
of medical education, there is sufficient equipoise for fur-
ther high-quality, standardised studies evaluating Kirk-
patrick’s Level 4 outcomes.

Strengths

This meta-analysis is the first to assess the effects of sim-
ulation training on door-to-needle time regarding emer-
gency thrombolysis delivery to patients with ischaemic
stroke and has important strengths. First, it was con-
ducted according to PRISMA guidelines [32] and encom-
passed a comprehensive search strategy with no language
restrictions. Second, the authors of all included studies
with missing data were contacted regarding the existence
of any other data to ensure methodological robustness.
Third, methodological data extraction utilised a custom-
created extraction sheet. Fourth, the ROBINS-I tool was
applied to accurately assess the risk of bias, facilitating
the estimation of the true effects of simulation training
[44]. Lastly, two sensitivity analyses were performed to
ensure the quality and robustness of the results [91].

Limitations

The limitations of this meta-analysis primarily pertain
to the weaknesses of the source articles. First, the lim-
ited number of studies and variance in methods (only
one was a randomised control study), sample sizes, study
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periods, and number of strokes may influence the valid-
ity of the findings. We found a high degree of heteroge-
neity among the included studies, and though we used a
random-effects model to account for this, we recognise
this as a weakness, affecting the strength of our conclu-
sions. Second, the concurrent introduction of simulation
training and revision of stroke protocols in some stud-
ies raises the possibility of validation bias. While this is
important for meta-analysis, simulation training is not a
stand-alone activity and, therefore, must be interpreted
within the context of quality improvement. Third, the
critical appraisal using the ROBINS-I tool was performed
by one independent reviewer, which may have increased
the risk of bias. Fourth, the asymmetry of the funnel plot
indicates heterogeneity and publication bias among the
included studies. Fifth, translational simulation was not
included as a search term, and therefore, the search strat-
egy may have failed to capture evidence on this aspect.
Sixth, the reported medians and interquartile ranges
(IQR) were converted to means and standard deviations
(SD), respectively, which may have introduced bias and
imprecise estimates. Seventh, a sensitivity analysis sepa-
rating studies with concurrent interventions was not
performed due to simulation training being an entangle-
ment of activities in process and quality improvements,
which may have increased the risk of bias when assessing
the pure effect of simulation. Lastly, we acknowledge that
this review was not registered with PROSPERO.

Future directions

There is a need for robust and standardised multi-
institutional studies with randomised controlled trial
designs using Kirkpatrick’s Level 4 outcomes and larger
sample sizes, inclusive of all healthcare profession-
als involved in the delivery of emergency thrombolysis
in ischaemic stroke. Future studies should standardise
the reporting of simulation-based interventions using
standardised reporting tools [41], clearly demarcating its
different types using rigorous and reproducible outcome
measures, namely the Kirkpatrick Model [92]. Future
work should consider that simulation for healthcare
improvement is one part of any contemporary quality
improvement strategy, and as such, the results of simu-
lation-based studies need to be interpreted and consid-
ered alongside simultaneous contextual changes such as
protocol refinements or process changes within complex
systems.

Conclusion

This meta-analysis showed a significant beneficial
effect of simulation training in reducing door-to-needle
time delivery of emergency thrombolysis in ischaemic
stroke. Additionally, simulation training was associated

Page 16 of 19

with improved knowledge, communication, and a feel-
ing of ‘safety’ in thrombolysis-related decision-making.
The results should be interpreted with caution due
to the heterogeneity of the included studies. Further
high-quality research is warranted to strengthen the
evidence base and establish confidence in the effect
measures.
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