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Simulation-based training improves process times in acute
stroke care (STREAM)
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INTRODUCTION

Abstract

Background: The objective of the STREAM Trial was to evaluate the effect of simulation
training on process times in acute stroke care.

Methods: The multicenter prospective interventional STREAM Trial was conducted
between 10/2017 and 04/2019 at seven tertiary care neurocenters in Germany with
a pre- and post-interventional observation phase. We recorded patient characteristics,
acute stroke care process times, stroke team composition and simulation experience for
consecutive direct-to-center patients receiving intravenous thrombolysis (IVT) and/or
endovascular therapy (EVT). The intervention consisted of a composite intervention cen-
tered around stroke-specific in situ simulation training. Primary outcome measure was
the ‘door-to-needle’ time (DTN) for IVT. Secondary outcome measures included process
times of EVT and measures taken to streamline the pre-existing treatment algorithm.
Results: The effect of the STREAM intervention on the process times of all acute stroke
operations was neutral. However, secondary analyses showed a DTN reduction of 5 min
from 38 min pre-intervention (interquartile range [IQR] 25-43 min) to 33 min (IQR 23-
39 min, p = 0.03) post-intervention achieved by simulation-experienced stroke teams.
Concerning EVT, we found significantly shorter door-to-groin times in patients who were
treated by teams with simulation experience as compared to simulation-naive teams in the
post-interventional phase (-21 min, simulation-naive: 95 min, IQR 69-111 vs. simulation-
experienced: 74 min, IQR 51-92, p = 0.04).

Conclusion: An intervention combining workflow refinement and simulation-based stroke

team training has the potential to improve process times in acute stroke care.

KEYWORDS
CRM, simulation, stroke, thrombolysis, training

The STREAM Trial was directed at high-level stroke centers in a

multicentric, prospective, interventional design to assess the effect

The benefits of recanalizing therapies in acute ischemic stroke are
highly time-dependent [1,2]. Each minute lost reduces therapeutic
efficacy [3,4]. Critical factors for the swift application of intravenous
thrombolysis (IVT) and endovascular treatment (EVT) are a sensitive
triage and a well-organized stroke team. Current guidelines recom-
mend the establishment of stroke teams and education programs [5].
Improving process times in a multicentric design has been challenging.
The French AVC I trial did not meet its primary goal to improve process
times, but increased thrombolysis rates [6]. The interventions of the US
INSTINCT trial and the Dutch PRACTISE trial had aimed primarily at
increasing the rate of IVT. Process times were not influenced [7,8].

Crew resource management (CRM) was coined in 1979 by NASA
psychologist John Lauber [9]. CRM strengthens non-technical skills
like communication and teamwork [10,11]. Similar to CRM, simula-
tion training has been shown to enhance team operations and has
been associated with improved clinical outcomes [12-14]. Recently,
a significant alleviation of job strain for nurses on intensive care units
by a simulation program has been reported [15]. There are several
reports showing efficacy of simulation-based interventions directed
at stroke teams of single hospitals [16,17], specific members of the
stroke team [18,19] and regional stroke networks [20,21].

of a multicomponent quality improvement program. We hypothe-
sized that the implementation of a stroke team algorithm, applying
the principles of CRM and stroke team simulation training would im-
prove the process times of acute stroke care.

METHODS

The data that support the findings of this study as well as the stroke
team training materials are available from the corresponding author.
Trial design

STREAM
Management of Acute Stroke) was a single-arm, prospective, multicenter

(Simulation-based Training of Rapid Evaluation and

trial with a pre-test post-test design and central source data monitoring.
The details of the study protocol were published previously [22]. Seven
tertiary care neurocenters located at university hospitals in Germany
jointly underwent the trial interventions in parallel and collected data
on all direct-to-center patients receiving recanalizing therapies. This
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trial had the approval of the ethics committee of Frankfurt University
Hospital (ID 433/16) and secondary approvals were obtained from the

ethics committees of all participating centers.

Patients

All adult (age 218 years) patients receiving IVT and/or EVT for stroke
after direct referral by the emergency medical services (direct-to-
center patients) were enrolled. Patients who were transferred from
another hospital (e.g. for EVT) or patients with an in-hospital or walk-
in stroke were excluded from the trial. The trial intervention itself,
which was a guideline-based quality improvement program planned
jointly by the participating centers and thus standard of care, did not
require individual consent. Nevertheless, informed consent to the
central data collection from patients or their legal representatives was
sought by the trial teams in the days following the acute treatment.

Data collection

The trial intervention was flanked by two 3-month observation
phases. All direct-to-center stroke patients receiving IVT and/
or EVT were recorded in the 3 months before and after the inter-
vention. During the 6 months of the intervention no patients were
recruited. Monitored screening logs ensured adequate efforts at
consecutive inclusion of all eligible patients. We collected data on
individual patient case report forms as described previously [22].
The trial-specific simulation training was accompanied by a short
questionnaire on the expectations (pre) and the rating (post) of the
training that has been published previously [20].

Intervention

The intervention [22] consisted of five components:

1. Centers were asked to nominate three key persons of differ-
ent professions and disciplines involved in acute stroke care to
act as local champions of the STREAM intervention: emergency
department/stroke unit nursing, neurology, neuroradiology and
anesthesiology. These champions then attended one of two iden-
tically structured central 2-day site champion meetings comprising:

2. critical peer-to-peer review of their institutions' stroke protocol
with the aim of a critical revision and written adaptation (‘over-
haul’) of the standard operating procedure (SOP) and

3. introduction to the concepts of simulation training as well as
CRM, described in detail in the supplements online. The next step
were

4. two full-day stroke team trainings at each trial site led by the
principal investigator's dedicated stroke team trainers, starting
with a theoretical introduction focused on acute stroke therapies
as well as CRM [23]. This theoretical primer was followed by in

situ simulation for the entire interdisciplinary, multiprofessional
stroke team with a high-fidelity manikin (Resusci Anne, Laerdal
Medical, Puchheim, Germany) at the emergency department,
computed tomography and angiography suite. The training was
concluded by an intensive interdisciplinary debriefing focusing on
CRM principles like closed-loop-communication [24,25]. Details
concerning simulation training are described in detail in the sup-
plemental material online.

5. The champions at each center were provided with teaching mate-

rials to establish independent stroke team trainings.

Trial outcomes

All time intervals were calculated centrally after central on-site
source data monitoring as described previously [22]. ‘Door-to-
needle’ time (DTN), the interval from the patient's arrival at the
hospital until the start of IVT as the most important benchmark
parameter for acute stroke therapy, was the primary endpoint.
Secondary endpoints were the ‘door-to-groin’ time (DTG) mark-
ing the interval from the patient's arrival at the hospital to the
start of the endovascular procedure (groin puncture). In patients
receiving IVT prior to EVT, we collected the time interval from
IVT initiation to the arrival in the angio suite (‘needle-to-angio’)
reflecting the interdisciplinary decision-making process to pro-
ceed towards EVT, and the interval from the arrival at the angio
suite to the start of the procedure (‘angio-to-groin’) reflecting the
handover to and preparations by the anesthesiology and neuro-
interventions team.

Since an acceleration of procedures may take its toll on patient
safety (e.g. by overlooking possible contraindications to thromboly-
sis linked to a higher bleeding risk), we recorded intracranial hemor-
rhages on follow-up imaging as a safety outcome measure according
to the Heidelberg Bleeding Classification [26] (classified as symp-
tomatic or asymptomatic by the local investigators).

Data analysis

A priori sample size calculation based on a pilot trial in the re-
gional stroke network INVN Rhein-Main yielded a minimal num-
ber of 110 patients in each observational phase for a statistical
power of 80% and a type 1 error probability of < 0.05 to reduce
door-to-needle time by 10 min [20]. Site feasibility questionnaires
showed that the seven stroke centers performed 170 IVTs (mean,
range 80-250) per year, and were thus able to recruit 200 pa-
tients in each intervention phase considering a potential dropout
rate for missing reports or informed consent in one-third of the
patients.

Statistical analysis was performed with SPSS version 27.0
(IBM) and GraphPad Prism 9.0 (GraphPad Software). Mean or me-
dian (depending on the presence of normal distribution, tested by
quantile-quantile plots) and 25-75 percent interquartile ranges
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(IQR) of the process times are presented [27]. The statistical signif-
icance of differences between the intervention phases was tested
via two-tailed Student's t-test or Wilcoxon—-Mann-Whitney test.
Interrupted time series analysis (ITSA) by means of the autoregres-
sive integrated moving average function (ARIMA) was employed
to assess the effect of the intervention on the process time trends
during the two observation periods. To improve reliability of ITSA,
outliers (n = 1 from each observation period) were identified using
Grubb's test and excluded from ARIMA modelling. Following es-
tablished paradigms, slopes of segmented linear regression of a
pre- and post-intervention interval were tested for significant
differences (online supplemental Figure 2) [28,29]. Pearson's chi-
square test was used for nominally scaled values. A p < 0.05 was
considered significant.

The primary analysis (Figure 1a) comparing all patients in the
pre-observational versus all patients in the post-observational
phase captures the effect of all five components of the interven-
tion as planned in the trial protocol, but is susceptible to an incom-
plete penetration of the trial-specific in situ simulation trainings to
the entire workforce of clinicians involved in acute stroke care at
each center.

To assess the potential for efficacy of the STREAM interven-
tion in case of good adherence and simulation exposure of the en-
tire workforce, we performed two post-hoc secondary analyses.
The first post-hoc analysis (Figure 1b) captures the combined ef-
fect of workflow overhaul and simulation training in the setting of
optimal adherence to the trial intervention by comparing process
times of simulation-naive teams in the pre-interventional phase
with teams of whom at least one member had participated in the
STREAM simulation training in the post-interventional phase. The
second post-hoc analysis (Figure 1c) evaluates the isolated simula-
tion training effect by comparing the operations of simulation-naive
teams versus simulation-experienced teams exclusively in the post-

interventional phase.

Primary:

@) I

Secondary:
Workflow Adaptation

(b) + Simulation Training WIMI

Local simulation-based
Stroke Team Trainings

+ peer-to-peer review in a central
seminar for all seven centers
+ analysis and adaptation of each

RESULTS
Patient characteristics

A total of 378 stroke team operations from patient admission to the
emergency department up to the initiation of a recanalizing therapy
were evaluated in the trial (Figure 2). Pre- and post-interventional
patient characteristics did not differ significantly in terms of age and
pre-stroke disability (modified Rankin Score [mRS]; Table 1). Stroke
severity was slightly higher in the post-interventional group (National
Institutes of Health Stroke Scale [NIHSS] 5 vs. 6). We found a higher
rate of large vessel occlusion (LVO) in the post-interventional phase
(29% pre vs. 45% post, p = 0.001). Utilization of vessel imaging was
not different (97% pre vs. 98% post, p = 0.81; Table 1). Selecting
patients treated by simulation-experienced stroke teams (teams of
whom at least one member had participated in the STREAM simula-
tion training) did not lead to further significant imbalances in patient
characteristics (Table 1).

Primary outcome

Mean DTN was not altered significantly in the primary analy-
sis (Figure 1a; 38 min, IQR 25-43 min vs. 36 min, IQR 25-40 min,
p = 0.28; Table 2). However, we observed an incomplete penetra-
tion of the stroke team simulation training to the entire stroke
team workforce. Only 53% (89/169) of all patients who received
IVT and 51% (30/59) of all patients who received EVT in the post-
interventional observation phase were treated by a team in which at
least one member had simulation experience. To estimate the puta-
tive effect of regular stroke team simulation trainings that reach the
entire staff, we performed a secondary analysis capturing the com-
bined effect of workflow overhaul and simulation training in the set-

ting of optimal adherence to the trial intervention (Figure 1b) which

STREAM Intervention

(€) Isolated Simulation Training Effect

center's acute stroke workflow
+ train-the-trainer seminar on
CRM and simulation/ debriefing

v/

teachi terials f P
NG B 7

FIGURE 1 Description of the STREAM Trial intervention and presentation of the primary and secondary analyses. (a) Primary analysis:
the mean door-to-needle (DTN) (primary endpoint) and endovascular treatment (EVT) process times (secondary endpoints) of all pre-
interventional patients is compared to the mean of all post-interventional patients treated with intravenous thrombolysis (IVT). (b)
Secondary analysis capturing the effects of workflow overhaul and simulation training: the mean process times of all pre-interventional
stroke team performances of simulation-naive stroke teams are compared to the mean process times of all post-interventional stroke

team performances in which at least one team member had simulation experience. (c) Secondary analysis capturing the isolated effect

of simulation training: the mean process times of simulation-naive versus simulation-experienced stroke teams exclusively in the post-
interventional observation phase are compared. CRM, crew resource management. [Colour figure can be viewed at wileyonlinelibrary.com]
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showed a significant decrease by 5 min in the post-interventional
phase (38 min, IQR 25-43 min vs. 33 min, IQR 23-39 min, p = 0.03;
Table 2). Patients had a non-significant greater likelihood of being
treated within the first 20 min after hospital arrival (pre: 11%
[18/171] vs. post: 17% [15/89], p = 0.15) and there was a non-
significant numerically smaller proportion of patients being treated
beyond 60 min of admission (pre: 12% [20/171] vs. post: 6% [5/89],
p = 0.12; Table 2). To evaluate the effect of the simulation training
independent of the workflow overhaul, we compared process times
achieved by teams with simulation experience versus simulation-
naive teams exclusively in the post-interventional observation phase
(Figure 1c). For simulation-experienced teams, we observed a reduc-
tion of the DTN by 6 min (39 min, IQR 25-44 vs. 33 min, IQR 23-39,
p = 0.05; online supplemental Figure 1).

Secondary outcomes
EVT process times

Since the intervention was directed at all acute stroke patients re-
ceiving recanalizing therapies, EVT was applied in only 17.5% pre-
interventional and 31.2% post-interventional. EVT process times
were analyzed as secondary endpoints. The primary analysis of all
patients in the pre- versus the post-interventional phase (Figure 1a)
showed no significant difference of the door-to-groin time (DTG, pre:
76 min, IQR 52-95 vs. post: 84 min, IQR 55-96, p = 0.30; Table 2).
We performed two post-hoc secondary analyses. The first anal-
ysis captured the combined effect of workflow overhaul entailed by
the peer-to-peer review during the central seminar and simulation

Observation Phase 1
(pre intervention)

Assessed for eligibility (n = 453)

Excluded (n = 264)
*  Secondary transfer for EVT (n=89)
* Inability to obtain informed consent (n=121)
* Missed by trial team (n=38)
* In-hospital-Stroke (n=5)
+  Other (n=11)
Analyzed (n = 189)
156 IVT only (82.5%)
19 IVT + EVT (10.1%)
14 EVT only (7.4%)

training in the setting of optimal adherence to the trial interven-
tion (Figure 1b). The difference between stroke team performances
leading to EVT of simulation-naive teams in the pre-interventional
phase versus those of simulation-experienced teams in the post-
interventional phase was not significant (pre: 78 min, IQR 55-100
vs. 74 min, IQR 52-92, p = 0.70; Table 2).

The second analysis capturing the isolated simulation training ef-
fect by comparing stroke team operations of simulation-naive versus
simulation-experienced teams exclusively in the post-interventional
observation phase (Figure 1c) was independent of the significant
differences in LVO prevalence and location (Table 1). We found a
21 min shorter DTG time by simulation-experienced teams (-21 min,
simulation-naive: 95 min, IQR 69-111 vs. simulation-experienced:
74 min, IQR 51-92, p = 0.04; Figure 3).

Safety outcomes

Intracerebral hemorrhage on follow-up imaging did not increase (pre:
15 (7.9%) vs. post: 14 (7.4%), p = 0.87). Symptomatic hemorrhagic
transformation occurred in 2.6% (n = 5) of all patients during the
pre-interventional phase and 1.6% (n = 3) in the post-interventional
phase, respectively (p = 0.41; Table 2).

Workflow and behavioral changes

Baseline assessment in the pre-interventional phase showed that
measures to accelerate IVT that have been described in a seminal
paper by Meretoja et al. were already carried out in a considerable

Observation Phase 2
(post intervention)

Assessed for eligibility (n = 528)

Excluded (n = 339)
*  Secondary transfer for EVT (n=145)
+ Inability to obtain informed consent (n=132)
*  Missed by trial team (n=16)
* In-hospital-Stroke (n=5)
»  Other (n=38)
Analyzed (n = 189)
130 IVT only (68.8%)
39 IVT + EVT (20.6%)
20 EVT only (10.6%)

Simulation-naive (n = 90)
no member with exposure
to in situ simulation

on the treating stroke team

Simulation-experienced (n = 99)
69 IVT only (69.7%)

20 IVT + EVT (20.2%)

10 EVT only (10.1%)

FIGURE 2 Patient flow in the STREAM Trial. EVT, endovascular treatment; IVT, intravenous thrombolysis [Colour figure can be viewed at

wileyonlinelibrary.com]


www.wileyonlinelibrary.com

143

SIMULATION-BASED STROKE TEAM TRAINING

3583 ASUIIYA-UUB|A ~UOXOD|IMA BIA PR3S3

(YOI pue uelpaw) uoissiwpe 3 (SSHIN) 2[edS 30415 Y3[edH JO S3N3IIsu| [BUOIEN PUE 9)043S 910J3q (SYW) 2400 U{UEY PAJIPOIA,

"UOIJBIASP pJEpUB]S S {PUDNIIM 113U BY} pue Aepli{ 03 Aepuojn uo we g pue wd G usamiaq juaiied ay3 Jo UOISSIWpe

‘AINp 440 918G D0.3S Y3[BSH JO S9INISU| |[eUOIEN ‘SSHIN (24005 UBjUEY PalJIpoW ‘GYW ‘SuiSew] 20ueuosal d13ausew ‘YA ‘TN AJ911e [edqa1ad d|ppiw ‘TIA ‘SuiSew| uleq [BI}U] UO UOISN|ID0 [9SSIA
a8.4e| ‘O] ‘ase|dal|e Y)IM SISA|oqUIOIY} SNOUSABIJUIL ‘| Al SUOITEDINSIC [BUIWIDY JO JUSWSA|OAU] YHM AJ33JE PI3OJED [BUIDIUI ‘D] SJUSWIEI] JB[NDSBAOPUD ‘| AT ‘AydesSow o} pandwod ‘] D :Suoljeinaiqqy

080 (SLY) Ly (9's) ¥ (o} 40) (SLY) Ly (8'TY) LL %0 (991) 8 (ech) 0 Anp J30
840 (e0¢) o€ (cze) 6 100 (e0g) 0g (8'91) 1€ 2000 (c1€) 65 (SL1) € 1A3
z80 (6'68) 68 (6'88) 0 6€°0 (6'68) 68 (6'26) TLT 62°0 (768) 691 (9°26) SLT LAl
8%°0 (¢v2) ve (L12) s 610 (c02) vz (LvT) LT [4Al) (6'S2) 61 (8vT)8 VDI/T-UON
880 (rv¥) v (9'st) ¥ 100 (7'v¥) v (8'82) €5 1000 (0's¥) s (T62) S OA1
8€°0 (066) 86 (L'96) L8 €80 (066) 86 (€26) 6LT 18°0 (626) 58T (7'26) 81 Sui8ew! [9ss9A
01’0 (T¥D) ¥1 (£9)9 610 (TvD) ¥ (8°6) 81 €90 (9°01)0 (56)8 AN
190 (626) T6 (e€6) 58 L9°0 (626) C6 (7'z6)0LT 980 (L'€6) LLT (9°26)SLT 12
G560 (€'92) 9t (£'92) ¥ G50 (€792) 9¢ (xaakay S0 (592)0 Tco) ey UMOUBUN 325UO WOo3dWAS

od (%) u (%) u od (%) u (%) u qd (%) u (%) u
S50 (€1-€)9 (T1-v) £ S00 (€1-€)9 (8-€)§ 100 (01-2) 9 (8-2) G «SSHIN
LT0 (T-0)0 (c-0)0 9€°0 (T-0)0 (T-0)0 780 (1-0)0 (1-0)0 <SYW {03s-a.d
62°0 (eL1)T0L (9v'cT) 8'eL €10 (eL1)T0L (9'v1)0°€L z5°0 (Tsn 6L (S¥1)8'CL sleak (Qs) ueaw a8y

qd (66 =) (06 =u) qd (66 =) (8T =u) qd (68T =) (68T =) onsa)dRIEYD

pajuswa|dw EWVEN] pajuswa|dwy| EINEN]
Sujuiey uone|nwis Sujuieny UOIJUSAId}UI-}SOd UoIjUaAId}UI-3Id

uolje|nwis + [NeYIdA0 MO[J}IOMN

sasAjeue Aiepuodas pue Alewtd Jo soljsiialoeleyd juaiied T 379dVL



BOHMANN ET AL.

144

'}593 ASUHYAA-UUEIA-UOXOD|[IAA 4O 3S93-] S,3USPNIS P3|IE}-0OM] BIA P3)S3],
"UOIJBIASP pJepUE]S ‘S ‘SISAJOqUIOIY) SNOUBARIIUL ‘| A| (103ESIISaAUI [BD0] 3Y}
Aq o13ewojdwAse Jo d13ewo3dwAs se paljisse|d pue uoliediyisseld Suipaslg 849q|apiaH ay3 03 Suipodde uoljewosuel} d18eylioway ‘| H ‘aW} 3|paau-03-100p ‘N1Q ‘@Wi3 ujoJ3-03-100p ‘O :SUOIIeIABIqQY

€80 (%077 C (%TT) T 18°0 (%072 (%L72) S 10 (%9°1) € (%9°2) S d13eWo3dWAS

€50 (%TY) ¥ (%6'8) 8 660 (%T¥) ¥ (%61) 6 3 40) (%8°9) TT (%€£°G) 0T dlewordwAsy
zeo (%1°9) 9 (%0°01) 6 020 (%1°9)9 (%9°L) ¥1 £8°0 (%¥'L) ¥T (%6£)ST (%) u'LH
/80 (cer)eoe (£'01)9°5C €80 (€€T) 9°9¢ (011 €°2LC €80 (0zT) 6'5C (T'T1)5°9¢ ulw {(@s) ueaw ‘uloJs-03-oi8uy
£00 (191)8°9T (9°5¥) 5L€ 150 (9'91) 89T (eeT)e1e er'o (L¥€) 992 (0e2) oz ulw (Qs) ueaw ‘o13ue-03-1 Al
700 (0z2) 1L (L2h) Své 19°0 (0L2) TvL (Tve)zsL 0€0 (9'9¢) 08 (Tve) 0'9L ulw (@s) uesw ‘01a

610 (%9°9) S (%0°01) 6 zro (%99) S (%L1T) 0T €0 (%€'8) ¥1 (%¥'1T) 0T ulw 09z

Ir°0 (%6°€S) 8Y (%z2y) 8¢ £00 (%6°€S) 81 (%T2h) 2L 600 (%6°05) 98 (%L 1Y) €L ulw ogs

0€0 (%69T) ST (%0°0T) 6 ST°0 (%69T) ST (%5°0T) 8T £2°0 (%T¥T) T (%€°0T) 8T ulw ozs
(%) u‘NLa
S00 (T91)€e°ee (Tez) L8e €00 (T91)€£°ee (ST2)'8¢€ 820 (8'6T) 6'S€ (€' TT) €8¢ ulw (gs) uesw N1Q
od (66 =u) (06 =u) ed (66 =) (P81 =u) ed (681 =) (68T =u) onsseIRYD)

pajuswajdwij EWN pajyuswajdwy EWEN
Sujuiesy uone|nwis Suiuren UOIJUSAI]UI-}SOd  UOIJUdAIdIUI-BI]

uole|NWIS + [NEYJIA0 MOJIOM

sawl} ssa20.d 24D 9)043S 9)NJE JO SASA|EUE AJepuodas pue Adewldld Z 379V1L



SIMULATION-BASED STROKE TEAM TRAINING

145

Simulation- IO B

naive
Stroke Teams

Simulation-
experienced

Stroke Teams
DTG n=30

0 10 20 30 40 50
Minutes (min)

= door-to-angio (p = 0.03)
26.2 angio-to-groin (p = 0.87)
= door-to-groin (p = 0.04)
= door-to-needle (p = 0.08)

60 70 80 20

FIGURE 3 Process times of patients receiving intravenous thrombolysis (IVT) and endovascular treatment (EVT) in the post-
interventional phase. The door-to-needle time (DTN) denotes the interval from patient arrival to the start of IVT (only available if IVT was
performed) and is given in minutes. The door-to-groin time (DTG) of patients undergoing EVT with or without IVT achieved by simulation-
naive versus simulation-experienced teams broken down into the door-to-angio time from patient arrival to arrival in the angio suite and
the angio-to-groin time from the arrival in the angio suite to the start of the intervention. Normal distribution was confirmed by quantile-
quantile plots. Statistical significance was tested with two-tailed Student's t-test. [Colour figure can be viewed at wileyonlinelibrary.com]

proportion of the acute stroke treatments [30]. Between the pre-
and the post-interventional phase, an increase of the involvement
of emergency medical services (EMS) in the acute stroke workflow
(pre: 25.9% vs. post: 38.4%, p = 0.01; online supplemental Table 1)
and a trend towards an increase in the administration of the IVT
bolus on the computed tomography (CT)/magnetic resonance imag-
ing (MRI) table (pre: 56.1% vs. post: 64.7%, p = 0.07) was found. In
patients with simulation experience compared to simulation-naive
teams, we observed a significant increase of initiation of IVT directly
in the scanner (pre: 55.4% vs. post: 69%, p = 0.02; online supple-
mental Table 1).

Staff participation and acceptance

We carried out two in situ stroke team simulation trainings at each
center with in total 186 participants of the seven centers' stroke
teams. Before the study intervention, 5 participants had previous
experience with stroke simulation; these were excluded from sub-
group analysis targeting the effect of simulation training (Table 1).
Different teams participated in the two on-site simulation trainings
at each trial site. No participant received more than one training.
The training was rated as useful by 95.5% (105/110) of all partici-
pants and this perception did not differ significantly by profession
or - in the subgroup of physicians - by formative level. Most par-
ticipants (93.6%, 103/110) would welcome a regular training and the
suggested interval for repetition was 1 year (online supplemental

Figure 3).

DISCUSSION

In spite of the neutral results of the primary analysis, our trial
provides strong indicators for a beneficial effect of stroke team
simulation training on process times of both IVT and EVT if this in-
tervention is made accessible to a relevant share of employees from
all involved disciplines. The STREAM trial evaluated the effects of a

multicomponent intervention consisting of recruitment of champi-
ons from the crucial disciplines at each site and introduction to simu-
lation training as a vehicle to improve technical and non-technical
aspects of stroke team operations followed by the delivery of two
centrally designed stroke team simulation trainings at each trial site.
In two independent secondary analyses taking into account the ac-
tual simulation exposure of at least one member of the stroke team,
we observed a modest but statistically significant reduction of the
DTN by 5 min (38 min, IQR 25-43 min vs. 33 min, IQR 23-39 min,
p = 0.033) and of the DTG by 21 min (95 min, IQR 69-111 vs. 4 min,
IQR 51-92, p = 0.04) without an increase in symptomatic or asymp-
tomatic intracerebral hemorrhage. Concerning clinical endpoints,
this is one of the first trials demonstrating efficacy of simulation
training on procedural time metrics in real-life clinical practice.

We recognize that the time gains of the DTN for IVT (-5 min)
are modest but probably clinically relevant [2,3]. However, the time
gains of the DTG for EVT by simulation-experienced teams (-21 min)
are substantial [31]. We hypothesize that this discrepancy is caused
by the more complex decision process and a number of handovers
which both benefit from interdisciplinary fine-tuning and training.
Accordingly, the ‘needle-to-angio’ interval between IVT and the
handover to the angio suite in patients undergoing EVT, reflecting
the period of interdisciplinary therapeutic decision-making, was
shortened most notably by the STREAM intervention. Noteworthy,
regarding all stroke team operations leading to EVT, we counterintui-
tively found faster DTGs in the pre-interventional observation phase.
Since LVO was substantially more frequent in the post-interventional
phase despite only a small increase in stroke severity as measured
by the NIHSS, we assume that the definition of LVO that could be
treated by EVT gradually expanded during the trial. This is reflected
by considerably more non-M1/internal carotid artery (ICA) occlu-
sions in the EVT cohort of the post-interventional phase (pre: 14.5%
vs. post: 25.9%, p =0.22). It seems plausible that these cases involved
longer decision-making times of the interdisciplinary teams. To avoid
this confounder, we concentrated our analysis on the comparison of
DTGs achieved by simulation-experienced versus simulation-naive
teams exclusively in the post-interventional phase.
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In addition to and in continuation of the INSTINCT [7], PRACTISE
[8] and AVC Il [¢] trials, which were based on similar concepts but
could not show effects of the trial interventions on process times,
we captured the actual reach of the trial intervention by recording
for each individual acute stroke team operation whether at least one
member of the stroke team had participated in the STREAM simu-
lation training. This allowed us to generate a main hypothesis why
the result of the pre-planned primary analysis was neutral. Our data
indicate that despite training 186 clinicians (neurologists, neurora-
diologists, anesthesiologists, nurses and radiology technicians) at
seven trial sites, the on-site stroke team simulation training was “un-
derdosed” since only 53% of all stroke team operations in the post-
interventional phase were carried out by teams in which at least one
team member had participated in one of the simulation trainings.
Our secondary analysis, capturing both workflow overhaul and sim-
ulation training (Figure 1b), allows an estimate of the effectiveness of
the trial interventions under optimal institutional adherence to con-
tinued simulation training. This comparison has to be pondered with
care since we cannot fully exclude a bias-by-participation (motivated
colleagues would be more likely to participate in the trial-specific
simulation training and - possibly independent of this - achieve
faster process times). The comparison of process times achieved
by simulation-naive compared to simulation-experienced teams ex-
clusively in the post-interventional phase (Figure 1c) corroborates
our hypothesis of exposure to simulation training as the main driver
of improvement. Since the training was rated as useful by the vast
majority of the participants and most participants would welcome
a regular training (online supplemental Figure 3), we conclude that
even stroke teams of high-volume centers with ample practical ex-
perience benefit from stroke-specific team trainings. However, a
follow-up inquiry on team training routines at the end of the trial
revealed that only one center had intensified their previously occa-
sional team trainings whereas the other six centers had not managed
to perpetuate independent team trainings. Professional societies
could promote a more widespread use of simulation training by pro-
viding materials, certification criteria for trainers and programmes,
and requirement of a structured team-based education program in
the certification process for stroke centers. Simulation training is
often viewed as time-consuming and costly, but recent comprehen-
sive studies have shown a positive cost-benefit relationship in terms
of staff retention, reduction of absenteeism and staff satisfaction
[15,32,33]. Therefore, future research needs to focus on barriers and
enablers of simulation training for stroke teams in order to promote
a more widespread use.

We acknowledge the following limitations of our trial. First, a pre-
versus post-interventional comparison is definitely problematic as it
strictly does not allow one to distinguish an effect of the interven-
tion from a natural history of improvement. Nevertheless, random-
ization or a stepped-wedge design was not appropriate due to the
limited number and heterogeneity of centers. Besides that, we found
two robust indicators for improvements beyond general trends to-
wards faster treatment times in acute stroke care: (1) the secondary
analysis of process times achieved by simulation-experienced versus

simulation-naive stroke teams exclusively in the post-interventional
period and (2) the significant difference in time trend slopes of the
interrupted time series analysis (online supplemental Figure 2).
Second, it may be discussed whether an increased treatment of
stroke mimics entailing unnecessary treatment risks and costs would
have been a more valid safety endpoint than hemorrhagic transfor-
mation on follow-up brain imaging. We decided against this in favor
of an unequivocal endpoint and argue that similar patient numbers
in the pre- and post-interventional observation period argue against
an uncritical application of IVT. Third, including only tertiary care
university hospital neurocenters in Germany limits the generaliz-
ability of our results. But since the mean pre-interventional DTN of
our cohort is significantly faster than the mean DTN reported from
prospective registries of several other countries [34,35], our results
most probably even underestimate the treatment effect that could
be possible in less-effective centers where even larger time gains can
be made. We would expect that the effects of workflow optimization
would be even more pronounced in these centers with simulation
training exerting an independent additive effect as a team-specific
measure. Fourth, it must be pointed out that our data cannot show
an influence on clinical outcomes because we decided to relinquish
a 90 days follow-up evaluation for the benefit of practicability and
data completeness. Finally, it is not entirely possible to discern the
impact of each of the five components of our intervention, but the
robust effects especially on the stroke team performances in the
post-interventional phase comparing simulation-naive to simulation-

experienced teams argue for a simulation-specific effect.

CONCLUSIONS

The pragmatic and rigorously controlled STREAM Trial demon-
strates potential efficacy of the intervention on acute stroke care
process times. Very high acceptance among the trained teams and
the willingness for regular training make simulation-based training
an effective tool for the education of interdisciplinary and multipro-
fessional stroke teams.

CONFLICT OF INTEREST

F.O.B.,H.R.,P.S.and W.P.report speakers honorariafrom LAERDAL, a
distributor of simulation equipment and simulation course concepts.
K.G.H. reports grants and personal fees from Bayer, personal fees
from BMS, personal fees from Daiichi Sankyo, personal fees from
Sanofi, personal fees from Pfizer, personal fees from AstraZeneca,
personal fees from Medtronic, personal fees from Biotronik, per-
sonal fees from WL Gore & Associates, personal fees from Edwards
Lifesciences, personal fees from Boehringer Ingelheim and personal
fees from Abbott outside the submitted work. S.N. reports personal
fees from Brainomix, personal fees from Boehringer Ingelheim,
personal fees from BMS Pfizer and grants from Cerenovus outside
the submitted work. J.P. reports personal fees from Stryker outside
the submitted work. W.P. reports personal fees from LAERDAL
and grants from Stryker Neurovascular during the conduct of the



SIMULATION-BASED STROKE TEAM TRAINING

| 147

study; personal fees from Boehringer Ingelheim, personal fees
from Sanofi Aventis and personal fees from Pfizer BMS outside the
submitted work. S.P. reports grants and personal fees from BMS/
Pfizer, grants and personal fees from Daiichi Sankyo, grants from
European Union, grants from German Federal Joint Committee
Innovation Fund, personal fees from Bayer, grants and personal fees
from Boehringer-Ingelheim, personal fees from Portola, grants and
personal fees from Werfen and personal fees from AstraZeneca out-
side the submitted work. P.R. reports grants and personal fees from
Boehringer Ingelheim during the conduct of the study; personal fees
from Boehringer Ingelheim, personal fees from Bayer, personal fees
from BMS, personal fees from Pfizer and personal fees from Daiichi
Sankyo outside the submitted work. F.A.W. reports personal fees
from Portola, personal fees from Pfizer-BMS, personal fees from
Bayer and personal fees from Boehringer Ingelheim outside the sub-
mitted work. P.Z. reports personal fees from Bristol-Myers-Squibb,
personal fees from Boehringer, non-financial support from Daiichi
Sankyo and non-financial support from Bayer outside the submitted

work. All other authors have nothing to disclose.

AUTHOR CONTRIBUTIONS

Ferdinand O. Bohmann: Conceptualization (lead); Data curation
(lead); Formal analysis (lead); Funding acquisition (lead); Investigation
(lead); Methodology (lead); Project administration (lead); Resources
(lead); Software (lead); Supervision (lead); Validation (lead);
Visualization (lead); Writing-original draft (lead); Writing-review
& editing (lead). Katharina Gruber: Data curation (equal); Formal
analysis (equal); Investigation (equal); Writing-original draft (equal).
Natalia Kurka: Investigation (equal); Writing-original draft (equal).
Laurent M. Willems: Formal analysis (equal); Investigation (equal);
Methodology (equal); Writing-original draft (equal). Eva Herrmann:
Formal analysis (equal); Methodology (equal); Writing-original
draft (equal). Richard du Mesnil de Rochemont: Investigation
(equal); Writing-original draft (equal). Peter Scholz: Investigation
(equal); Writing-original draft (equal). Heike Rai: Data curation
(equal); Investigation (equal); Writing-original draft (equal). Philipp
Zickler: Investigation (equal); Writing-original draft (equal). Michael
Ertl: Investigation (equal); Writing-original draft (equal). Ansgar
Berlis: Investigation (equal); Writing-original draft (equal). Sven
Poli: Investigation (equal); Writing-original draft (equal). Annerose
Mengel: Investigation (equal); Writing-original draft (equal). Peter
Ringleb: Investigation (equal); Writing-original draft (equal). Simon
Nagel: Investigation (equal); Writing-original draft (equal). Johannes
Pfaff: Investigation (equal); Writing-original draft (equal). Frank A.
Wollenweber: Investigation (equal); Writing-original draft (equal).
Lars Kellert: Investigation (equal); Writing-original draft (equal).
Moriz Herzberg: Investigation (equal); Writing-original draft (equal).
Luzie Koehler: Investigation (equal); Writing-original draft (equal).
Karl Georg Haeusler: Investigation (equal); Writing-original draft
(equal). Anna Alegiani: Investigation (equal); Writing-original draft
(equal). Charlotte Schubert: Investigation (equal); Writing-original
draft (equal). Caspar Brekenfeld: Investigation (equal); Writing-
original draft (equal). Christopher E. J. Doppler: Investigation (equal);

Writing-original draft (equal). Ozgiir A. Onur: Investigation (equal);
Writing-original draft (equal). Christoph Kabbasch: Investigation
(equal); Writing-original draft (equal). Tanja Manser: Formal analy-
sis (equal); Investigation (equal); Methodology (equal); Writing-
original draft (equal). Helmuth Steinmetz: Conceptualization (equal);
Funding acquisition (equal); Supervision (equal); Writing-original
draft (equal). Waltraud Pfeilschifter: Conceptualization (lead);
Data curation (lead); Formal analysis (lead); Funding acquisition
(lead); Investigation (lead); Methodology (lead); Project adminis-
tration (lead); Resources (lead); Software (lead); Supervision (lead);
Validation (lead); Visualization (lead); Writing-original draft (lead);
Writing-review & editing (lead).

DATA AVAILABILITY STATEMENT

Data, methods and materials used to conduct the research in the
article were carefully documented. The data that support the find-
ings of this study are available from the corresponding author on
reasonable request.

ORCID

Ferdinand O. Bohmann "= https://orcid.org/0000-0001-6439-0667
Michael Ertl "= https://orcid.org/0000-0001-5271-4898

Simon Nagel " https://orcid.org/0000-0003-2471-6647

Johannes Pfaff " https://orcid.org/0000-0003-0672-5718

Lars Kellert "= https://orcid.org/0000-0002-4967-8336

Moriz Herzberg "= https://orcid.org/0000-0002-8799-9333

Anna Alegiani "= https://orcid.org/0000-0001-8216-6220
Wialtraud Pfeilschifter "= https://orcid.org/0000-0001-6935-8842

REFERENCES

1. Emberson J, Lees KR, Lyden P, et al. Effect of treatment delay, age,
and stroke severity on the effects of intravenous thrombolysis with
alteplase for acute ischaemic stroke: a meta-analysis of individual
patient data from randomised trials. Lancet. 2014;384:1929-1935.
https://doi.org/10.1016/50140-6736(14)60584-5

2. Saver JL, Goyal M, van der Lugt A, et al. Time to treatment with
endovascular thrombectomy and outcomes from ischemic stroke:
a meta-analysis. JAMA. 2016;316(12):1279-1288. https://doi.
org/10.1001/jama.2016.13647

3. Meretoja A, Keshtkaran M, Saver JL, et al. Stroke thrombolysis:
save a minute, save a day. Stroke. 2014;45(4):1053-1058. https://
doi.org/10.1161/STROKEAHA.113.002910

4. Whiteley WN, Emberson J, Lees KR, et al. Risk of intracerebral
haemorrhage with alteplase after acute ischaemic stroke: a sec-
ondary analysis of an individual patient data meta-analysis. Lancet
Neurol. 2016;15(9):925-933. https://doi.org/10.1016/S1474
-4422(16)30076-X

5. Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the
Early Management of Patients With Acute Ischemic Stroke: 2019
Update to the 2018 Guidelines for the Early Management of Acute
Ischemic Stroke: A Guideline for Healthcare Professionals From the
American Heart Association/American Stroke Association. Stroke.
2019;50(12):e344-e418. https://doi.org/10.1161/STR.00000
00000000211

6. Haesebaert J, Nighoghossian N, Mercier C, et al. Improving ac-
cess to thrombolysis and inhospital management times in ischemic
stroke: a stepped-wedge randomized trial. Stroke. 2018;49(2):405-
411. https://doi.org/10.1161/STROKEAHA.117.018335


https://orcid.org/0000-0001-6439-0667
https://orcid.org/0000-0001-6439-0667
https://orcid.org/0000-0001-5271-4898
https://orcid.org/0000-0001-5271-4898
https://orcid.org/0000-0003-2471-6647
https://orcid.org/0000-0003-2471-6647
https://orcid.org/0000-0003-0672-5718
https://orcid.org/0000-0003-0672-5718
https://orcid.org/0000-0002-4967-8336
https://orcid.org/0000-0002-4967-8336
https://orcid.org/0000-0002-8799-9333
https://orcid.org/0000-0002-8799-9333
https://orcid.org/0000-0001-8216-6220
https://orcid.org/0000-0001-8216-6220
https://orcid.org/0000-0001-6935-8842
https://orcid.org/0000-0001-6935-8842
https://doi.org/10.1016/S0140-6736(14)60584-5
https://doi.org/10.1001/jama.2016.13647
https://doi.org/10.1001/jama.2016.13647
https://doi.org/10.1161/STROKEAHA.113.002910
https://doi.org/10.1161/STROKEAHA.113.002910
https://doi.org/10.1016/S1474-4422(16)30076-X
https://doi.org/10.1016/S1474-4422(16)30076-X
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STROKEAHA.117.018335

148 |

BOHMANN ET AL.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Scott PA, Meurer WJ, Frederiksen SM, et al. A multilevel inter-
vention to increase community hospital use of alteplase for acute
stroke (INSTINCT): a cluster-randomised controlled trial. Lancet
Neurol. 2013;12(2):139-148. https://doi.org/10.1016/S1474
-4422(12)70311-3

Dirks M, Niessen LW, van Wijngaarden JD, et al. PRomoting
ACute Thrombolysis in Ischemic StrokE (PRACTISE) Investigators.
Promoting thrombolysis in acute ischemic stroke. Stroke.
2011;42(5):1325-1330. https://doi.org/10.1161/STROK
EAHA.110.596940

Cooper GE, White MD, Lauber JK (Eds.). "Resource management on
the flightdeck," Proceedings of a NASA/Industry Workshop (NASA
CP-2120); 1980.

Gaba DM. Crisis resource management and teamwork training in an-
aesthesia. Br J Anaesth. 2010;105(1):3-6. https://doi.org/10.1093/
bja/aeql24

Gaba DM. Anaesthesiology as a model for patient safety in health
care. BMJ. 2000;320(7237):785-788. https://doi.org/10.1136/
bmj.320.7237.785

Shrader S, Kern D, Zoller J, Blue A. Interprofessional teamwork
skills as predictors of clinical outcomes in a simulated healthcare
setting. J Allied Health. 2013;42(1):e1-e6.

Crowe S, Ewart L, Derman S. The impact of simulation based edu-
cation on nursing confidence, knowledge and patient outcomes on
general medicine units. Nurse Educ Pract. 2018;29:70-75. https://
doi.org/10.1016/j.nepr.2017.11.017

Neily J, Mills PD, Young-Xu Y, et al. Association between imple-
mentation of a medical team training program and surgical mor-
tality. JAMA. 2010;304(15):1693-1700. https://doi.org/10.1001/
jama.2010.1506

El Khamali R, Mouaci A, Valera S, et al. Effects of a multi-
modal program including simulation on job strain among nurses
working in intensive care units: a randomized clinical trial.
JAMA. 2018;320(19):1988-1997. https://doi.org/10.1001/
jama.2018.14284

Tahtali D, Bohmann F, Rostek P, et al. Crew-Ressource-Management
und Simulatortraining in der akuten Schlaganfalltherapie [Crew
resource management and simulator training in acute stroke ther-
apyl. Nervenarzt. 2016;87(12):1322-1331. German. https://doi.
org/10.1007/s00115-016-0162-5

Ajmi SC, Advani R, Fjetland L, et al. Reducing door-to-needle times
in stroke thrombolysis to 13 min through protocol revision and
simulation training: a quality improvement project in a Norwegian
stroke centre. BMJ Qual Saf. 2019;28(11):939-948. https://doi.
org/10.1136/bmjqs-2018-009117

Ruff IM, Liberman AL, Caprio FZ, et al. A resident boot camp for
reducing door-to-needle times at academic medical centers. Neurol
Clin Pract. 2017;7(3):237-245. https://doi.org/10.1212/CPJ.00000
00000000367

Mehta T, Strauss S, Beland D, Fortunato G, Staff I, Lee N. Stroke
simulation improves acute stroke management: a systems-based
practice experience. J Grad Med Educ. 2018;10(1):57-62. https://
doi.org/10.4300/JGME-D-17-00167.1

Tahtali D, Bohmann F, Kurka N, et al. Implementation of stroke
teams and simulation training shortened process times in a re-
gional stroke network-A network-wide prospective trial. PLoS ONE.
2017;12(12):e0188231. https://doi.org/10.1371/journal.pone.0188231
Carvalho VS Jr, Picanco MR, Volschan A, Bezerra DC. Impact
of simulation training on a telestroke network. Int J Stroke.
2019;14(5):500-507. https://doi.org/10.1177/1747493018791030
Bohmann FO, Kurka N, du Mesnil de Rochemont R, et al. Simulation-
based training of the rapid evaluation and management of acute
stroke (STREAM)-A prospective single-arm multicenter trial. Front
Neurol. 2019;10:969. https://doi.org/10.3389/fneur.2019.00969
Willems LM, Kurka N, Bohmann F, Rostek P, Pfeilschifter W.
Tools for your stroke team: adapting crew-resource management

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

for acute stroke care. Pract Neurol. 2019;19(1):36-42. https://doi.
org/10.1136/practneurol-2018-001966

Fanning RM, Gaba DM. The role of debriefing in simulation-
based learning. Simul Healthc. 2007;2(2):115-125. https://doi.
org/10.1097/SIH.0b013e3180315539

Kolbe M, Grande B, Spahn DR. Briefing and debriefing during
simulation-based training and beyond: content, structure, attitude
and setting. Best Pract Res Clin Anaesthesiol. 2015;29(1):87-96.
https://doi.org/10.1016/j.bpa.2015.01.002

von Kummer R, Broderick JP, Campbell BC, et al. The Heidelberg
bleeding classification: classification of bleeding events after isch-
emic stroke and reperfusion therapy. Stroke. 2015;46(10):2981-
2986. https://doi.org/10.1161/STROKEAHA.115.010049
Chambers JM, Cleveland WS, Kleiner B, Tukey PA, eds. Graphical
methods for data analysis. Wadsworth International Group; 1983.
Jandoc R, Burden AM, Mamdani M, Lévesque LE, Cadarette
SM. Interrupted time series analysis in drug utilization research
is increasing: systematic review and recommendations. J Clin
Epidemiol.  2015;68(8):950-956.  https://doi.org/10.1016/j.jclin
epi.2014.12.018

Willems LM, Hamer HM, Knake S, Rosenow F, Reese JP, Strzelczyk
A. General trends in prices and prescription patterns of anticonvul-
sants in Germany between 2000 and 2017: analysis of national and
cohort-based data. Appl Health Econ Health Policy. 2019;17(5):707-
722. https://doi.org/10.1007/s40258-019-00487-2

Meretoja A, Strbian D, Mustanoja S, Tatlisumak T, Lindsberg PJ,
Kaste M. Reducing in-hospital delay to 20 minutes in stroke throm-
bolysis. Neurology. 2012;79(4):306-313. https://doi.org/10.1212/
WNL.0b013e31825d6011

Almekhlafi MA, Goyal M, Dippel DWJ, et al. Healthy life-year costs
of treatment speed from arrival to endovascular thrombectomy in
patients with ischemic stroke: a meta-analysis of individual patient
data from 7 randomized clinical trials. JAMA Neurol. 2021;78(6):709-
717. https://doi.org/10.1001/jamaneurol.2021.1055
Moffatt-Bruce SD, Hefner JL, Mekhjian H, et al. What is the re-
turn on investment for implementation of a crew resource man-
agement program at an academic medical center? Am J Med Qual.
2019;34(5):502-508. https://doi.org/10.1177/1062860619873226
Rall M, Gaba DM. Human performance and patient safety. In Miller
RD, editor. Miller's Anesthesia. Elsevier, Churchhill Livingstone;
2009:93-150.

Fonarow GC, Zhao X, Smith EE, et al. Door-to-needle times for tis-
sue plasminogen activator administration and clinical outcomes in
acute ischemic stroke before and after a quality improvement ini-
tiative. JAMA. 2014;311(16):1632-1640. https://doi.org/10.1001/
jama.2014.3203

Strbian D, Ahmed N, Wahlgren N, et al. Trends in door-to-
thrombolysis time in the safe implementation of stroke thrombolysis
registry: effect of center volume and duration of registry mem-
bership. Stroke. 2015;46(5):1275-1280. https://doi.org/10.1161/
STROKEAHA.114.007170

SUPPORTING INFORMATION

Additional supporting information may be found in the online ver-

sion of the article at the publisher’s website.

How to cite this article: Bohmann FO, Gruber K, Kurka N, et al;
the STREAM Trial investigators. Simulation-based training
improves process times in acute stroke care (STREAM). Eur J
Neurol. 2022;29:138-148. https://doi.org/10.1111/ene.15093



https://doi.org/10.1016/S1474-4422(12)70311-3
https://doi.org/10.1016/S1474-4422(12)70311-3
https://doi.org/10.1161/STROKEAHA.110.596940
https://doi.org/10.1161/STROKEAHA.110.596940
https://doi.org/10.1093/bja/aeq124
https://doi.org/10.1093/bja/aeq124
https://doi.org/10.1136/bmj.320.7237.785
https://doi.org/10.1136/bmj.320.7237.785
https://doi.org/10.1016/j.nepr.2017.11.017
https://doi.org/10.1016/j.nepr.2017.11.017
https://doi.org/10.1001/jama.2010.1506
https://doi.org/10.1001/jama.2010.1506
https://doi.org/10.1001/jama.2018.14284
https://doi.org/10.1001/jama.2018.14284
https://doi.org/10.1007/s00115-016-0162-5
https://doi.org/10.1007/s00115-016-0162-5
https://doi.org/10.1136/bmjqs-2018-009117
https://doi.org/10.1136/bmjqs-2018-009117
https://doi.org/10.1212/CPJ.0000000000000367
https://doi.org/10.1212/CPJ.0000000000000367
https://doi.org/10.4300/JGME-D-17-00167.1
https://doi.org/10.4300/JGME-D-17-00167.1
https://doi.org/10.1371/journal.pone.0188231
https://doi.org/10.1177/1747493018791030
https://doi.org/10.3389/fneur.2019.00969
https://doi.org/10.1136/practneurol-2018-001966
https://doi.org/10.1136/practneurol-2018-001966
https://doi.org/10.1097/SIH.0b013e3180315539
https://doi.org/10.1097/SIH.0b013e3180315539
https://doi.org/10.1016/j.bpa.2015.01.002
https://doi.org/10.1161/STROKEAHA.115.010049
https://doi.org/10.1016/j.jclinepi.2014.12.018
https://doi.org/10.1016/j.jclinepi.2014.12.018
https://doi.org/10.1007/s40258-019-00487-2
https://doi.org/10.1212/WNL.0b013e31825d6011
https://doi.org/10.1212/WNL.0b013e31825d6011
https://doi.org/10.1001/jamaneurol.2021.1055
https://doi.org/10.1177/1062860619873226
https://doi.org/10.1001/jama.2014.3203
https://doi.org/10.1001/jama.2014.3203
https://doi.org/10.1161/STROKEAHA.114.007170
https://doi.org/10.1161/STROKEAHA.114.007170
https://doi.org/10.1111/ene.15093

