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Abstract
The safety and efficacy of mobile stroke units (MSUs) in prehospital stroke management has recently been investigated in
different clinical studies. MSUs are ambulances equipped with a CT scanner, point-of-care lab, telemedicine and are staffed
with a stroke specialised medical team. This European Stroke Organisation (ESO) guideline provides an up-to-date
evidence-based recommendation to assist decision-makers in their choice on using MSUs for prehospital management of
suspected stroke, which includes patients with acute ischaemic stroke (AIS), intracranial haemorrhage (ICH) and stroke
mimics. The guidelines were developed according to the ESO standard operating procedure and Grading of Recom-
mendations, Assessment, Development and Evaluation (GRADE) methodology. The working group identified relevant
clinical questions, performed systematic reviews and aggregated data meta-analyses of the literature, assessed the quality of
the available evidence and made specific recommendations. Expert consensus statements are provided where sufficient
evidence was not available to provide recommendations based on the GRADE approach.We found moderate evidence for
suggesting MSU management for patients with suspected stroke. The patient group diagnosed with AIS shows an im-
provement of functional outcomes at 90 days, reduced onset to treatment times and increased proportion receiving IVT
within 60 min from onset. MSU management might be beneficial for patients with ICH as MSU management was associated
with a higher proportion of ICH patients being primarily transported to tertiary care stroke centres. No safety concerns
(all-cause mortality, proportion of stroke mimics treated with IVT, symptomatic intracranial bleeding and major extra-
cranial bleeding) could be identified for all patients managed with a MSU compared to conventional care. We suggest MSU
management to improve prehospital management of suspected stroke patients.
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10Department of Neurology, Heidelberg University Hospital, Heidelberg, Germany
11Department of Neurology, GHU Paris Psychiatrie et Neurosciences, Paris, France
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Introduction

Despite many efforts to speed up and optimise acute stroke
patient management, still only 0.8–1.3% of acute ischaemic
stroke (AIS) patients receive their intravenous thrombolysis
(IVT) within the so-called golden hour – the first 60 min
after symptom onset, when chances of full recovery are
highest.1,2Many reports on stroke scales,3–7 emergencymedical
service (EMS) training and educational programmes,8–12

structured EMS pre-notification to hospital stroke teams,13–15

emergency department streamlining16–20 and different
triage pathways (mothership vs drive the doctor vs drip and
ship)21–31 have all demonstrated an improvement of treat-
ment numbers and times, but timely delivery of the available
and highly beneficial reperfusion therapies [IVT and me-
chanical thrombectomy (MT)] to AIS patients is still un-
derachieved. Furthermore, delays in onset to treatment times
correlate to longer bolus to reperfusion times in AIS patients
with proximal intracranial occlusions treated with IVT.32

Similarly, for patients with intracerebral haemorrhage (ICH),
time to treatment and thus time to diagnosis is critical.33 Large
haematoma volumes and haematoma expansion are associated
with poor clinical outcome34 leading to a recommendation for
early BP management.35 Furthermore, given the fact that the
use of anticoagulation has been associated with haemorrhage
growth, anticoagulation reversal represents a key treatment
option for ICH patients on anticoagulation therapy.36

Many of these strategies depend on a quick differenti-
ation of stroke patients from those with so-called stroke
mimicking diseases37 or different subtypes of stroke, which
strongly depends on the training and expertise of the in-
dividual teams involved as well as brain imaging avail-
ability. To optimise access to treatments and the acute
management of stroke patients, strategies crossing institu-
tional boundaries are needed and have to also involve the
prehospital stage.

Over the last 18 years, a new concept for acute stroke
management using Mobile Stroke Unit (MSU) ambulances
has emerged and evolved.38 MSUs are emergency ambu-
lances equipped with a computed tomography (CT) scanner
for multimodal brain imaging (including CT angiography
with or without CT perfusion), point-of-care blood analysis,
telemedicine connection to stroke centres and dedicated and
specialised teams on board, who if not part of their medical
education, received additional training in stroke medicine.
There are increasing numbers of stroke centres worldwide
using MSUs to provide acute stroke care to their patients

(world map with active centres on https://www.prestomsu.
org).39,40 Reported results indicate an earlier treatment,
increased numbers of patients receiving treatment and
optimised triage to the individually required level of
care.41–51 Most importantly, some studies have resulted in
clinical benefits for patients treated with a MSU rather than
conventional stroke care.49,50,52 In view of the former
considerations and to address the current knowledge gap on
this topic, we set out to provide the first guideline on the use
of MSUs for stroke care. The current guideline aims to
provide recommendations about whether MSU ambulances are
of advantage for prehospital strokemanagement and to facilitate
decision-making when considering MSU implementation as a
service improvement. However, at the time of the emergency
call a definite diagnosis is not clear and MSU ambulances will
be involved in the assessment and treatment of patients with
suspected stroke as well as those with confirmed ischaemic or
haemorrhagic stroke. Therefore, to pay tribute to real-life
practical aspects of the operation of a MSU within the EMS,
these three different patient populations were considered in this
guideline. To reflect this operational aspect, we combined all
results to one recommendation only, which can be found at the
end of the result section.

Methods

This guideline was initiated by the European Stroke Or-
ganisation (ESO) and prepared according to ESO standard
operating procedures53, which are based on the Grading of
Recommendations, Assessment, Development and Evalu-
ations (GRADE) system.54 The ESO Guideline Board and
Executive Committee reviewed the intellectual and financial
disclosures of the module working group (MWG) members
(Supplemental Table 1) and approved the composition of
the group, which was co-chaired by the first (SW) and last
(G Tsivgoulis) authors.

The MWG undertook the following steps:

1. Produced a list of topics of clinical interest to Guideline
users that were agreed by all MWG members.

2. Three Patient Intervention Comparator Outcome
(PICO) questions were developed and agreed upon
within the MWG following a teleconference and
e-mail correspondence. The three PICO questions
were related to the following populations: patients
with suspected stroke, patients with confirmed AIS
& patients with confirmed acute ICH. The MWG
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formulated a list of PICO questions according to the
ESO Guideline SOP, which were reviewed and
subsequently approved by members of the ESO
Guideline Board and Executive Committee.

3. Produced the following list of relevant outcomes and
assessed their importance for which the MWG used
the Delphi method (mean score from 8 respondents
on a scale of 1 to 9; 7 to 9 – critical; 4 to 6 – important
and 1 to 3 – of limited importance):55

The list of outcomes in patients with suspected stroke was:
· All-cause mortality (90 days) mean score: 7.9/9
· All-cause mortality (7 days) mean score: 7.6/9
· Symptomatic intracranial haemorrhage (sICH) mean

score: 7.5/9
· Proportion of stroke mimics treated with IVT mean

score: 6.4/9
· Major extracranial bleeding mean score: 6.1/9

Functional outcome was not included in the list of
outcomes of suspected stroke patients because functional
outcome using the modified Rankin Scale (mRS) score was
not evaluated for stroke mimics.

The list of outcomes in the AIS subgroup was:
· Excellent functional outcome, mRS 0–1 (90 days)

mean score: 8.9/9
· Any better functional outcome (90 days) mean score:

8.8/9
· Good functional outcome, mRS 0–2 (90 days) mean

score: 8.4/9
· All-cause mortality (90 days) mean score: 8.0/9
· Proportion receiving treatment with IVT/MT mean

score: 7.5/9
· sICH mean score: 7.3/9
· Time between emergency call (alarm) and re-

perfusion therapy mean score: 7.3/9
· Treatment with IVT within the golden hour mean

score: 7.1/9
· All-cause mortality (7 days) mean score: 7.0/9
· Proportion of large vessel occlusion (LVO) patients

transported to a tertiary care stroke centre mean score:
6.8/9

· Major extracranial bleeding mean score: 6.0/9

Treatment with IVT within the golden hour was pre-
specified for all patients with confirmed AIS included in the
studies and for the subgroup of patients receiving IVT.

The list of outcomes in the ICH subgroup was:
· Good functional outcome, mRS 0–2 (90 days) mean

score: 8.5/9
· Any better functional outcome (90 days) mean score:

8.3/9

· All-cause mortality (90 days) mean score: 8.1/9
· Excellent functional outcome, mRS 0–1 (90 days)

mean score: 7.6/9
· All-cause mortality (7 days) mean score: 7.5/9
· Proportion of ICH patients transported to a tertiary

care centre mean score: 6.3/9
· Size of haematoma expansion mean score: 6.0/9

Based on voting scores, functional outcomes were al-
located highest priority for confirmed AIS and ICH patients,
while all-cause mortality was allocated the highest priority
for suspected stroke patients. Unless specified otherwise,
‘excellent’ and ‘good’ functional outcomes were defined as
3-month mRS scores of 0–1 and 0–2, respectively.35,56,57

Unless specified otherwise, ‘any better’ functional outcome
corresponded to an ordinal shift analysis of the mRS score
(at least 1-point improvement across all mRS scores) at
3 months.

4. The recommendation was based on a systematic
review of randomised trials and non-randomised
studies evaluating the effect of MSU on the se-
lected outcomes of the three populations of interest.
Trials were categorised as randomised when ran-
domisation was described in the trial protocol and in
the publication of study results. All randomised
studies used a cluster randomisation design. Non-
randomised studies were subdivided into studies of
intervention with experimental design, if their out-
come was assessed in a blinded fashion. All other
studies were categorised as non-interventional
studies.58 The literature search was completed on
October 30, 2021. We conducted a systematic re-
view for all PICOs resulting in 23 different sets of
analyses (2 for suspected stroke, 18 for confirmed
AIS, 3 for confirmed ICH). We also conducted a
sensitivity analysis after removing the non-
randomised studies without blinded endpoint as-
sessment (3 sets of analyses). In case of unavailable
or unclear data due to partially overlapping sets of
participants, the corresponding authors of relevant
studies were contacted to obtain unpublished,
disentangled results collected but not reported in the
original publication.52 This was incorporated in the
present analyses.

5. Six MWG members (SW, HA, KL, TS, SS and
G.Turc) independently screened the titles and
abstracts of the publications identified by the
electronic search and assessed the full text of po-
tentially relevant randomised and non-randomised
studies.

6. Where appropriate, a random-effects meta-analysis
was conducted by two MWG members (AHK, G.
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Tsivgoulis) who were not involved in any of the
included studies using Stata software version 13.0
(Statacorp), with results summarised as odds ratios
(ORs), common odds ratios (cORs) and 95% con-
fidence intervals (CI). Crude ORs and cORs were
abstracted or calculated from individual studies and
all reported pooled associations of the meta-analysis
are not adjusted for potential confounders. The
DerSimonian and Laird method was used for all
analyses.59 Time metrics were evaluated using mean
differences (MD) and corresponding standard de-
viations (SD) reported in individual studies. The
pooled MD is reported with corresponding 95% CI.
Any heterogeneity across studies was assessed using
the I2 statistic, and heterogeneity was classified as
moderate (I2 ≥ 30%), substantial (I2 ≥ 50%) or
considerable (I2 ≥ 75%).60 The updated Cochrane
Collaboration risk of bias tool (RoB 2)61 was used
for the risk of bias assessment, in line with previous
ESO guidelines.35,56,62 The assessment of the risk of
bias in each study reporting data on excellent
functional outcome (mRS 0–1 at 90 days; outcome
allocated with the highest priority in our guideline
manuscript) was summarised in a risk of bias chart
(Supplemental Figure 1). The validity of the reported
analyses was independently evaluated by all MWG
members.

7. The results of data analysis were imported into the
GRADEpro Guideline Development Tool
(McMaster University, 2015; developed by Evidence
Prime, Inc.). For each PICO question and each
outcome, the risk of bias was assessed and quality of
evidence rated as high, moderate, low or very low
based on the type of available evidence [randomised
or non-randomised studies (interventional with ex-
perimental design and non-interventional)] and
considerations on inconsistency of results, indi-
rectness of evidence, imprecision of results and
risk of bias.53,54 GRADE evidence profiles/
summary of findings tables were generated using
GRADEpro.

8. Each PICO question was addressed separately in
distinct sections. First, ‘Analysis of current evidence’
summarised current methodological considerations
followed by a summary and discussion of the results
of the identified randomised and non-randomised
studies. Second, ‘Additional information’was added
when more details on the studies referred to in the
first section were needed to provide information on
key subgroup analyses of the included studies, on
ongoing or future randomised-controlled clinical
trials (RCTs) and potential implications on the or-
ganisation of MSU in healthcare systems. Third, an
‘Evidence-based Recommendation’ was provided,

based on the GRADE methodology. The MWG has
unanimously agreed to provide only one combined
recommendation as at the time of MSU involve-
ment in the patient’s assessment and treatment, the
final diagnosis is unclear and, therefore, the MSU
concept cannot be applied to patients with a specific
diagnosis only. The MWG developed this decision
in a group meeting after identifying that a single
recommendation for patients with AIS would not
consider modes of operation of an ambulance. The
combined recommendation can be found at the end
of the result section. The direction, strength and
formulation of the recommendation was deter-
mined according to the GRADE evidence profiles
and the ESO-SOP.53,54 The recommendation does
not apply to planned or ongoing trials. Finally,
according to the second ESO standard operating
procedure53, Expert Consensus Statements were
added whenever the guideline group considered
that there was insufficient evidence available to
provide evidence-based recommendations where
practical guidance is needed for routine clinical
practice. In that case, a pragmatic suggestion was
provided, with the results of the votes of all MWG
members presented in the supplemental material of
this manuscript. Importantly, the suggestions pro-
vided in this paragraph should not be mistaken as
evidence-based recommendations but rather as the
opinion of the MWG members. The numerical
results of the votes are provided in the Supplement
(Supplemental Table 2).

9. The Guideline document was subsequently reviewed
several times by all MWGmembers and revised until
a consensus was reached. Finally, the Guideline
document was reviewed and approved by external
reviewers and members of the ESO Guideline Board
and Executive Committee.

Results

PICO 1

In patients with suspected acute stroke, does prehospital
management with aMobile Stroke Unit (MSU) compared to
conventional management improve clinical outcome?

Analysis of current evidence. The literature search identified
five studies (three randomised and two non-randomised)
which evaluated the effect of MSU versus conventional
management on 7-day mortality in patients with suspected
acute stroke (Table 1). There was only one non-randomised
study that evaluated the effect of MSU versus conventional
management on 90-day mortality in patients with suspected
acute stroke.
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The first trial adding information to 7-day all-cause
mortality of patients with suspected stroke was a RCT
(Figure 1). The study PHANTOM-S published by Ebinger
and co-authors in 2014 assigned 1804 participants to the
MSU group and 2969 to conventional management. Par-
ticipants were recruited between May 2011 and January
2013. The primary outcome of the trial focused on patients
receiving IVT – time from emergency call-to-thrombolysis.
The result showed a significant reduction of time to IVT for
patients who received MSU care compared to those re-
ceiving conventional care (MSU: mean 51.8 min; 95% CI
49.0–54.6 vs control 76.3 min, 95% CI 73.2–79.3, p <
0.001).42

The second study performed by Helwig and colleagues
in 2019 was a RCT with 63 participants receiving MSU
management and 53 participants in the control group. The
trial recruited patients between June 2015 and November
2017. The primary endpoint was the proportion of patients
accurately triaged to either a comprehensive stroke centre
(pre-specified for all LVO and ICH patients) or primary
stroke centre (all others). The result showed a significant
difference for both groups with correct triage for 100% of
the MSU patients and 69.8% of the control patients (dif-
ference: 30.2%; 95% CI: 17.8%–42.5%; p < 0.001).46 In the
third RCT, published by Walter et al., in 2012, 53 partic-
ipants were assigned to the MSU group and 47 to the
conventional management group with a primary outcome
parameter of emergency call to therapy decision. This trial
recruited patients between November 2008 and July 2011.
The result showed a significantly shorter time to therapy
decision for patients treated by a MSU (median: MSU:
35 min (IQR 31–39) vs control 76 min (IQR 63–94), p <
0.0001).41 All three RCTs were performed in Germany at
two different centres.

The first non-randomised study published by Larsen and
collaborators in 2021 recruited participants in Norway
between May 2017 and March 2020.51 One hundred sixty-
six MSU patients were compared to 274 control patients.
This study was the only providing information on 90-day
all-cause mortality of suspected stroke patients. Importantly,
the MSU ambulance used in this trial was the only MSU not
staffed with a stroke specialist team. The MSU personnel
consisted of anaesthetists trained in prehospital critical care
with a 2-day CT brain scan analysis course and all personnel
(doctors and paramedics) performed a 2-day stroke as-
sessment course and NIHSS certification. Vascular Neu-
rologists provided support via telemedicine. The primary
endpoint of the study was the symptom onset to IVT
treatment time. The result showed a significant time re-
duction for patients treated with a MSU (median: MSU
101 min (IQR 71–155) vs control care 118 min (IQR 90–
176; p = 0.007). The second non-randomised study per-
formed by Weber et al. 2013 adding data to 7-day all-cause
mortality analysed 23 participants assigned to MSU man-
agement and 50 assigned to control pathway. The study was
conducted in Germany and MSU patients were recruited
between February and April 2011 and compared to standard
care patients from 2010. The study was the pilot study to the
PHANTOM-S trial by Ebinger and co-authors42 and fo-
cussed on feasibility and safety of prehospital stroke
management and time metrics to IVT. The result showed a
mean call-to-needle time of 62 min, which compared fa-
vourably to 98 min of the control patients. No safety
concern or relevant technical failures could be detected.63

The random-effect meta-analysis revealed that there was no
association between MSU (vs conventional management) and
7-day (OR: 1.12; 95%CI: 0.79–1.57; I2 = 0%; Figure 1) or 90-
day (OR: 1.49; 95% CI: 0.78–2.85; Figure 2) mortality. There

Figure 1. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with suspected
stroke for the outcome of all-cause mortality at 7 days. RCT: randomised-controlled clinical trial.
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was no data available data to assess the impact of MSU for
the remaining 3 selected outcomes (symptomatic intra-
cranial haemorrhage, proportion of stroke mimics treated
with IVT, major extracranial bleeding). However, infor-
mation on the number of stroke mimics receiving IVT
among all IVT-treated patients was available and results
are described in PICO 2.

Table 1 provides details regarding the impact of MSU
versus conventional management on 7-day and 90-day
mortality in patients with suspected stroke.

PICO 2

In patients with confirmed AIS, does prehospital manage-
ment with a MSU compared to conventional management
improve clinical outcome?

Analysis of current evidence. The literature search identified
three randomised and nine non-randomised studies that
evaluated the effect of MSU versus conventional man-
agement on different outcomes in patients with AIS (Tables
2–7).

All RCTs were performed by two different centres in
Germany. The RCT published by Ebinger and collab-
orators in 2014 (PHANTOM-S RCT, details described
in PICO 1) recruited 614 participants with confirmed
AIS to the MSU group and 1041 AIS patients to con-
ventional management.42 There was a second publi-
cation from the PHANTOM-S RCT that reported the
findings of a substudy with random assignment of 614
AIS participants to the MSU pathway and 1497 to
conventional management. This substudy aimed to
identify the benefits of golden hour thrombolysis in
patients with confirmed ischaemic stroke. The results
showed a 6-fold increase in golden hour IVT (MSU:
31.0% vs control 4.9%; p < 0.01).43

The RCT published by Helwig and collaborators in
2019, which is described in detail in PICO 1, recruited
32 participants with confirmed AIS to the MSU group
and 39 to the control group.46 In 2012, Walter et al.,
published another RCT (details described in PICO 1), in

which 29 AIS participants in the MSU group and 25 in
the conventional management group were analysed.41

The first prospective, non-randomised, interventional
study, B_PROUD, published by Ebinger and collabo-
rators in 2021 assigned 749 participants to MSU and 794
participants to the conventional pathway.49 The study
was conducted between February 2017 and October 2019
in Berlin and included patients presenting with stroke
symptoms at the time of ambulance arrival and with a
final hospital-based diagnosis of AIS or Transient Is-
chaemic Attack (TIA). The control group included pa-
tients eligible for MSU dispatch but for whom a MSU
was unavailable because it was already bound to another
patient or in maintenance. A total of three MSU am-
bulances were used for this study. Six hundred fifty-four
participants of the MSU group and 683 of the control
group were included in the primary efficacy analysis. The
primary endpoint of the study was the mRS distribution
and a 3-tier disability scale (none to moderate disability;
severe disability; death) at 3 months. The results showed
a significantly lower mRS in patients treated with a MSU
(MSU: 1, IQR: 0–3, control 2: IQR: 0–3; common OR for
worse mRS: 0.71; 95% CI: 0.58–0.86; p < 0.001) and
lower disability scores (none to moderate disability:
MSU: 80.3%, control: 78.0%; severe disability: MSU:
12.6%, control: 13.3%; death: MSU: 7.1%, control:
8.8%; common OR for worse functional outcome: 0.73,
95% CI: 0.54–0.99; p = 0.04). The second prospective,
non-randomised, interventional study, BEST-MSU, was
conducted in multiple centres in the United States of
America (USA) by Grotta and collaborators, 2021 and
analysed 598 IVT-eligible patients in the MSU group and
417 in the conventional management group.50 The study
was conducted between August 2014 and August 2020.
The MSUs were staffed with one or two paramedics, a
CT technologist, a critical care nurse and an on-board or
remote vascular neurologist. To reduce bias, IVT and
trial eligibility were assessed after the intervention by a
blinded neurologist. Alternating MSU or standard am-
bulance weeks were prospectively designated to the
trial period. The primary outcome of the study was the

Figure 2. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with suspected
stroke for the outcome of all-cause mortality at 90 days. RCT: randomised-controlled clinical trial.
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utility-weighted mRS at 90 days, which was 0.72 in the
MSU group and 0.66 in the EMS group (adjusted OR for
a score of ≥0.91: 2.43; 95% CI: 1.75 to 3.36; p < 0.001).
55.0% of the MSU patients and 44.4% of the control
patients had a mRS score of 0–1 after 3 months. Only the
studies by Ebinger et al., 2021 and Grotta et al., 2021 had
an experimental design with a blinded assessment of the
functional outcome mRS at 90 days as their primary
outcome parameter.49,50 Both studies were included in a
sensitivity analysis.

The non-randomised study by Kunz et al. analysed
data from 305 MSU participants and 353 AIS patients
treated with a conventional approach. Participants were
recruited between February 2011 and March 201564 and
included patients who received MSU care during the
PHANTOM-S pilot study63 and the PHANTOM-S
trial42 until January 2013 (disentangled data by
H.A.). All these patients had no pre-stroke dependency
and were treated with IVT. The primary outcome of this
study was the proportion of patients with a mRS score of
1 or lower after 3 months, which could be detected for
53% of MSU treated vs 47% of control patients (p =
0.14). The non-randomised study by Nolte and co-
authors was a parallel analysis of 122 MSU and 142
conventional management patients treated with IVT
between February 2011 and March 2015, who needed
assistance already before their stroke, also including
subjects of the PHANTOM-S pilot study63 and the
PHANTOM-S trial42 until January 2013. The primary
endpoint was the proportion of patients with a mRS of
0–3 after 90 days. In the MSU group, 39% of the pa-
tients reached the endpoint versus 25% of the control
group (p = 0.01).65

The results published by Weber et al., 2013 came from a
pilot, non-randomised study to the randomised
PHANTOM-S trial and have been described in detail in
PICO 1.63 All the latter non-randomised studies included
only AIS patients who received IVT and were conducted in
Berlin, Germany.63,64,65

The non-randomised, study performed in New York,
USA by Kummer and co-investigators, published in 2019
analysed data from 66 MSU patients, of whom 29 were AIS
patients with IVT treatment and 19 control patients, of
whom 9 were AIS patients treated with IVT between Oc-
tober 2016 and September 2017. In this study, the MSU
operated in two different areas following a biweekly
schedule and patients treated with standard care in the MSU
‘off’ catchment area served as control group. The primary
outcome was time between ambulance dispatch to IVT,
which was significantly shorter for patients receiving MSU
care (mean 61.2 min) than for those with conventional care
(91.6 min, p = 0.001).66

The Norwegian non-randomised study by Larsen and
collaborators reported a total of 58 patients with

hospital confirmed AIS in the MSU group and 101
confirmed AIS patients in their control group and details
of the study have been described in PICO 1.51 The non-
randomised study performed by Taqui and collaborators,
published in 2017, was conducted between July and
November 2014 in Cleveland, USA. Recruited partici-
pants were identified as code stroke dispatches by the
emergency medical dispatch centre. The Cleveland
MSU operated with a vascular neurologist and radiol-
ogist via remote telemedical connection to the ambu-
lance. The overall study population consisted of 100
MSU and 53 control patients. A total of 16 participants
with AIS, who were treated with IVTwere analysed after
MSU treatment compared to 12 with conventional
management. The aim of the study was to compare key
management times. The result showed a significant
reduction of all time metrics for patients treated with the
MSU compared to control patients with time between
emergency call-to-IVT (MSU: 55.5 min vs control:
94 min, p < 0.0001) and symptom onset to IVT (MSU:
97 min vs control: 122.5 min, p = 0.0485) as most
important results.45 A Chinese non-randomised study,
published in 2021 by Zhou and collaborators, analysed
data of 14 MSU AIS IVT-treated patients and 24 control
patients, who were recruited if treated with IVT. The
study was conducted in Xingyang, Henan Province in
China between November 2018 and April 2019. The
primary outcome was the time between emergency call-
to-IVT, which was significantly shorter for patients
receiving MSU care (median, MSU: 59.5 min, IQR 42–
75 vs control: 89 min, IQR 32–164, p = 0.001).67

The random-effect meta-analysis revealed that MSU
management compared to conventional management
improved excellent (OR: 1.37; 95% CI: 1.17–1.61; I2 =
16%; Figure 3), good (OR: 1.23; 95% CI: 1.07–1.42;
I2 = 0%; Figure 4) and any better (cOR: 1.28; 95% CI:
1.08–1.52; I2 = 41%; Figure 5) functional outcome in
patients with AIS. MSU management was associated
with a reduction in the elapsed time between stroke
onset and tissue plasminogen activator bolus among
AIS patients treated with IVT (pooled MD:
�28.99 min; 95% CI: �34.96 to �23.03; I2 = 91%;
Figure 6). There was no association between MSU
management and elapsed time between symptom onset
and groin puncture among AIS patients treated with
MT (pooled MD: 4.34 min; 95% CI: �4.90 to 13.59;
I2 = 0%; Figure 7).

MSU management increased the rate of IVT within
60 min from symptom onset (‘golden hour’) among all
AIS patients (OR: 8.24; 95% CI: 3.33–20.44; I2 = 87%;
Figure 8) and among IVT-treated AIS patients (OR:
7.30; 95% CI: 3.71–14.35; I2 = 77%; Figure 9). MSU
management also increased the proportion of AIS pa-
tients receiving IVT (OR: 2.28; 95% CI: 1.43–3.64; I2 =
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85%; Figure 10). There was no association between
MSU and the likelihood of receiving treatment with MT
among all AIS patients (OR: 1.48; 95% CI: 0.62–3.52;
I2 = 39%; Figure 11). MSU increased the rate of LVO
patients that were primarily transported to thrombectomy-

capable centres (OR: 4.30; 95% CI: 1.16–15.87; I2 = 8%;
Figure 12).

In summary, MSU compared with conventional
management was associated with improved functional
outcomes, swifter IVT delivery, higher rates of IVT

Figure 3. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for excellent functional outcome (mRS score of 0–1) at 90 days.

Figure 4. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for good functional outcome (mRS score of 0–2) at 90 days.

Figure 5. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for any better functional outcome (ordinal shift analysis) at 90 days.
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Figure 6. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke treated with intravenous thrombolysis for the elapsed time from emergency call to tissue plasminogen
activator bolus.

Figure 7. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke treated with endovascular therapy for the elapsed time from emergency call to groin puncture.

Figure 8. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for the proportion of patients receiving intravenous thrombolysis within 60 min from symptom onset
(‘golden hour’).

Walter et al. XXXVII



within the golden hour, higher proportion of AIS patients
receiving IVT and higher proportion of LVO patients
being primarily transported to tertiary stroke centres
(improvement in 8 out of 10 efficacy outcomes). MSU did
not shorten the time between symptom onset to groin
puncture and did not increase the rate of MT among AIS
patients.

MSU was not associated with 7-day mortality among
all AIS patients (OR: 0.62; 95% CI: 0.37–1.04; I2 = 0%;
Figure 13) and among AIS patients treated with IVT
(OR: 0.74; 95% CI: 0.41–1.30; I2 = 0%; Figure 14).
There was no association of MSU with 90-day mortality

among all AIS patients (OR: 0.98; 95% CI: 0.53–1.84;
I2 = 45%; Figure 15) and among AIS patients treated
with IVT (OR: 0.80; 95% CI: 0.48–1.35; I2 = 61%;
Figure 16).

MSU was not associated with symptomatic intracra-
nial haemorrhage (sICH) among all AIS patients (OR:
0.81; 95% CI: 0.52–1.25; I2 = 0%; Figure 17) and among
AIS patients treated with IVT (OR: 0.91; 95% CI: 0.42–
1.97; I2 = 0%; Figure 18). There was no association of
MSU with major extracranial bleeding among AIS pa-
tients treated with IVT (OR: 0.38; 95% CI: 0.02–9.54;
Figure 19).

Figure 9. Random-effects meta-analysis comparing mobile stroke units and conventional management in all thrombolysed
confirmed acute ischaemic stroke patients treated with intravenous thrombolysis for the proportion of patients receiving
treatment within 60 min from symptom onset (‘golden hour’).

Figure 10. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for the proportion of patients receiving treatment with intravenous thrombolysis.
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At the time of IVT delivery in the MSU the patient is
considered as suffering from AIS and the confirmation of
the diagnosis and diagnosis of stroke mimic is made af-
terwards during hospitalisation. Therefore, the outcome
related to IVT in stroke mimics was analysed with the
population of AIS patients. Among patients treated with
IVT, MSU was not associated with the proportion of stroke
mimics receiving IVT (OR: 1.22; 95% CI: 0.70–2.14;
I2 = 0%; Figure 20). In brief, MSU was not associated with
any of the 4 pre-specified safety outcomes.

Table 2 provides details regarding the impact ofMSU versus
conventional management on 90-day functional outcomes
among confirmed AIS patients. Table 3 provides details re-
garding the impact of MSU versus conventional management
on time metrics and proportion of confirmed AIS patients re-
ceiving IVT. Table 4 provides details regarding the impact of

MSU versus conventional management on time metrics, on
proportion of patients receiving MT among confirmed AIS
patients and on proportion of LVOpatients primarily transported
to tertiary stroke centres. Table 5 provides details regarding the
impact of MSU versus conventional management on all-cause
mortality. Table 6 provides details regarding the impact ofMSU
versus conventional management on bleeding complications.

Additional information
Considering the evidence by removing non-randomised, non-

interventional studies. We also performed a sensitivity analysis
evaluating the efficacy of MSU versus conventional man-
agement in AIS patients after excluding non-randomised
studies, without blinded assessment of their primary end-
point. The random-effect meta-analysis included two non-
randomised, interventional studies published by Ebinger and

Figure 11. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for the proportion of patients receiving treatment with mechanical thrombectomy.

Figure 12. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for the proportion of large vessel occlusion patients transferred to tertiary stroke centres.
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Figure 13. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for all-cause mortality at 7 days.

Figure 14. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke treated with intravenous thrombolysis for all-cause mortality at 7 days.

Figure 15. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for all-cause mortality at 90 days.

XL European Stroke Journal 7(1)



co-investigators (B_PROUD) and Grotta and collaborators
(BEST-MSU) in 2021.49,50 The random-effect meta-
analysis revealed that MSU compared to conventional
management improved excellent (OR: 1.46; 95% CI: 1.24–
1.72; I2 = 0%; Figure 21), good (OR: 1.33; 95% CI: 1.12–
1.57; I2 = 0%; Figure 22) and any better (cOR: 1.39; 95%
CI: 1.19–1.61; I2 = 15%; Figure 23) functional outcome in
patients with AIS. Table 7 provides details of the sensi-
tivity analysis regarding the impact of MSU versus con-
ventional management on 90-day functional outcomes
among confirmed AIS patients.

Considering expertise on MSU. MSU is an ambulance that
contains a CT scanner, telemedicine equipment and a point-
of-care system to determine platelet counts and international
normalised ratio as a minumum, in addition to standard
emergency equipment. Technology enables to also perform
CT angiography and CT perfusion in the ambulance.

The MSU staff includes a paramedic, a radiology
technician, depending on local regulations for operating CT
scanner, and/or a specialist nurse.

In all the studies considered for the present guideline,
radiology consultation was done by remote consultation or
in presence with a (neuro)radiologist, if image analysis
was not performed by the on-board or remote stroke
specialist. In the studies considered for the present
guideline, stroke expertise was either available in presence
on the MSU or provided by teleconsultation. Only in a
single study, published by Larsen and collaborators in
2021, the MSU was run by anaesthesiologists who re-
ceived a short training in stroke assessment51 but the final
indication to treatment was agreed with a neurologist via
remote teleconsultation.

To maintain the same benefits, which were found in the
trials considered for the present guideline, it is necessary to
guarantee the same level of stroke expertise, which was

Figure 16. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke treated with intravenous thrombolysis for all-cause mortality at 90 days.

Figure 17. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke for symptomatic intracranial haemorrhage. Stroke mimics are not included in the present analysis.
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available in the included studies. MSU care not including
neurological expertise on stroke may not have the same
benefits as the interventions which have been tested so far.
Additionally, it is important to mention that in all the studies
there was a streamlined process to maximise efficiency in
the evaluation of patients and in the initiation of the in-
tervention. Structured and well-defined organisation will be
essential to enable reproducibility of study findings in the
routine clinical care.

PICO 3

In patients with confirmed acute intracranial haemorrhage,
does prehospital management with a MSU compared to
conventional management improve clinical outcomes?

Analysis of current evidence. The literature search identified
three studies (two randomised and one non-
randomised) that evaluated the effect of MSU versus
conventional management on different outcomes in
patients with ICH. One RCT and one non-randomised
study added evidence to the outcome of the proportion
of ICH patients primarily transported to tertiary care
stroke centres. The data published by Wendt and co-
authors in 2015 analysed a subgroup of the randomised
PHANTOM-S trial42 with 62 participants in the MSU
group and 151 participants in the control group between
May 2011 and January 2013 and was conducted in
Germany. In the study, patients with intracranial hae-
morrhages, including spontaneous ICHs, traumatic
ICHs, subdural haematoma, epidural haematoma and sub-
arachnoid haemorrhages were analysed. The primary end-
point of the study was the proportion of patients transported
to appropriate levels of stroke centres if needed. The overall
result (all patients with code stroke dispatch) showed that
MSU care significantly reduced the proportion of patients
triaged to non-stroke centres (MSU: 5.5% vs control 11.6%,
p < 0.01) and this was also significant for patients with in-
tracranial haemorrhage (proportion triaged hospitals with
neurosurgery department, MSU: 88.7%, control: 57%, p <
0.01).44

In contrast, the non-randomised study conducted in
Norway, published by Larsen and collaborators in 2021,
focused on patients with ICH only and analysed 10 and 19
patients with either MSU or conventional management (for
detailed description, please see PICO 1).51 The latter study
also adds evidence to the safety outcomes all-cause mor-
tality on day 7 and day 90.

An additional RCT was conducted in Germany by
Helwig and co-investigators and analysed eight patients per
management groups.46 This study adds additional infor-
mation to 7-day all-cause mortality. This trial again included
patients with the wider range of intracranial haemorrhages
(detailed description PICO 1).

The random-effect meta-analysis revealed that
MSU compared to conventional management in-
creased the proportion of ICH patients primarily
transported to tertiary care stroke centres, with neu-
rosurgical treatment option (OR: 6.44; 95% CI: 2.96–
14.01; I2 = 0%; Figure 24). There was no association
between MSU (vs conventional management) and 7-
day (OR: 1.05; 95% CI: 0.28–3.89; I2 = 0%; Figure 25)
or 90-day (OR: 1.14; 95% CI: 0.24–5.50; Figure 26)
mortality among ICH patients. Table 8 provides details
regarding the impact of MSU versus conventional
management on primary triage and all-cause mortality
among patients with ICH.

There was no data available to assess the impact of MSU
in the remaining four selected outcomes (good functional
outcome, any better functional outcome, excellent func-
tional outcome and size of haematoma expansion).

Additional information. We consider the statements re-
lated to MSU staffing that have been displayed in the
additional information of PICO 2 (patients with con-
firmed AIS) are also applicable to PICO 3 (patients with
confirmed ICH).

Expert consensus statement

In confirmed acute ICH patients, we suggest prehospital
management with MSUs over conventional management
because the timely transport of these patients to tertiary
stroke centres is crucial for optimal therapeutic management.

The numerical results of the votes for this Expert
Consensus Statement are provided in Supplemental Table 2.

Evidence-based Recommendation

We suggest the use of MSUs over conventional care for the
prehospital management of patients with suspected stroke,
for the following reasons:

- In patients with AIS, prehospital management with
a MSU improves functional outcomes, increases the
rates of treatment with IVT, including the rates of
thrombolysis within the golden hour and shortens
onset to treatment time without any safety concerns.
Quality of evidence: Moderate ���

- In patients with intracranial haemorrhage, prehospital
management with a MSU increases the proportion of
patients primarily transported to tertiary care stroke
centres, without concerns on short-term mortality.
Quality of evidence: Low ��

- In other patients (e.g. stroke mimics), no signal of safety
concerns was identified.
Quality of evidence: Very low �
Overall strength of recommendation: Weak ↑
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Figure 18. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke treated with intravenous thrombolysis for symptomatic intracranial haemorrhage. Stroke mimics
are included in the present analysis.

Figure 19. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke treated with intravenous thrombolysis for major extracranial bleeding.

Figure 20. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with confirmed
acute ischaemic stroke treated with intravenous thrombolysis for proportion of stroke mimics.

Walter et al. XLIII



T
ab

le
3.

G
R
A
D
E
ev
id
en
ce

ef
fi
ca
cy

pr
ofi

le
fo
r
PI
C
O

2
(t
im
e
m
et
ri
cs

of
in
tr
av
en
ou

s
th
ro
m
bo

ly
si
s,
pr
op

or
tio

n
of

pa
tie

nt
s
re
ce
iv
in
g
in
tr
av
en
ou

s
th
ro
m
bo

ly
si
s
an
d
pr
op

or
tio

n
of

pa
tie

nt
s
th
ro
m
bo

ly
se
d
w
ith

in
th
e
go
ld
en

ho
ur
).

C
er
ta
in
ty

as
se
ss
m
en
t

№
of

pa
tie

nt
s

Ef
fe
ct

C
er
ta
in
ty

Im
po

rt
an
ce

№
of

st
ud
ie
s

St
ud
y
de
si
gn

R
is
k
of

bi
as

In
co
ns
is
te
nc
y

In
di
re
ct
ne
ss

Im
pr
ec
is
io
n

O
th
er

co
ns
id
er
at
io
ns

M
SU

St
an
da
rd

of
ca
re

R
el
at
iv
e
(9
5%

C
I)

A
bs
ol
ut
e
(9
5%

C
I)

1.
T
im
e
fr
om

em
er
ge
nc
y
ca
ll
to

IV
T
fo
r
th
ro
m
bo

ly
si
s-
el
ig
ib
le

pa
tie

nt
s

8
3
ra
nd
om

is
ed

tr
ia
ls
an
d
5

no
n-
ra
nd
om

is
ed

st
ud
ie
s

V
er
y
se
ri
ou

sa
,b
,c

Se
ri
ou

sd
N
ot

se
ri
ou

s
N
ot

se
ri
ou

s
V
er
y
st
ro
ng

as
so
ci
at
io
n,

2
ou

t
of
5
no

n-
ra
nd
om

is
ed

st
ud
ie
s

w
er
e
ex
pe
ri
m
en
ta
lt
ri
al
s

13
87

11
03

N
/A

M
D 28

.9
9
m
in

lo
w
er

(3
4.
96

lo
w
er

to
23
.0
3
lo
w
er
)

Å
Å
Å
s

M
od

er
at
e

C
ri
tic
al

2.
Pr
op

or
tio

n
of

A
IS

pa
tie

nt
s
th
ro
m
bo

ly
se
d
in

th
e
go
ld
en

ho
ur

4
1
ra
nd
om

is
ed

tr
ia
la
nd

3
no

n-
ra
nd
om

is
ed

st
ud
ie
s

Se
ri
ou

sa
,b

Se
ri
ou

sd
N
ot

se
ri
ou

s
Se
ri
ou

se
V
er
y
st
ro
ng

as
so
ci
at
io
n,

2
ou

t
of
3
no

n-
ra
nd
om

is
ed

st
ud
ie
s

w
er
e
ex
pe
ri
m
en
ta
lt
ri
al
s

36
4/
20

63
(1
7.
6%

)
60
/2
86
1

(2
.1
%
)

O
R
8.
24

(3
.3
3
to

20
.4
4)

12
9
m
or
e
pe
r
10

00
(fr
om

46
m
or
e
to

28
4
m
or
e)

Å
Å
Å
s

M
od

er
at
e

C
ri
tic
al

3.
Pr
op

or
tio

n
of

IV
T
-t
re
at
ed

A
IS

pa
tie

nt
s
th
ro
m
bo

ly
se
d
in

th
e
go
ld
en

ho
ur

7
1
ra
nd
om

is
ed

tr
ia
la
nd

6
no

n-
ra
nd
om

is
ed

st
ud
ie
s

V
er
y
se
ri
ou

sa
,b
,c
,f

Se
ri
ou

sd
N
ot

se
ri
ou

s
Se
ri
ou

se
V
er
y
st
ro
ng

as
so
ci
at
io
n,

2
ou

t
of
6
no

n-
ra
nd
om

is
ed

st
ud
ie
s

w
er
e

ex
pe
ri
m
en
ta
lt
ri
al
s

43
6/
15

60
(2
7.
9%

)
71
/1
42
7

(5
.0
%
)

O
R
7.
30

(3
.7
1
to

14
.3
5)

22
7
m
or
e
pe
r
10

00
(fr
om

11
3
m
or
e
to

37
9
m
or
e)

Å
Å
Å
s

M
od

er
at
e

C
ri
tic
al

4.
Pr
op

or
tio

n
of

A
IS

pa
tie

nt
s
re
ce
iv
in
g
IV
T

7
3
ra
nd
om

is
ed

tr
ia
ls
an
d
4

no
n-
ra
nd
om

is
ed

st
ud
ie
s

Se
ri
ou

sa
,b
,c
,

Se
ri
ou

sd
N
ot

se
ri
ou

s
N
ot

se
ri
ou

s
St
ro
ng

as
so
ci
at
io
n,

2
ou

t
of

4
no

n-
ra
nd
om

is
ed

st
ud
ie
s

w
er
e
ex
pe
ri
m
en
ta
lt
ri
al
s

13
66
/2
15
5

(6
3.
4%

)
10
56
/2
47
8

(4
2.
6%

)
O
R
2.
28

(1
.4
3
to

3.
64
)

20
3
m
or
e
pe
r
10

00
(fr
om

89
m
or
e
to

30
4
m
or
e)

Å
Å
s
s

Lo
w

C
ri
tic
al

M
SU

:
m
ob

ile
st
ro
ke

un
it;

C
I:
co
nfi
de
nc
e
in
te
rv
al
;
M
D
:
m
ea
n
di
ffe
re
nc
e
in

m
in
ut
es
;
O
R
:
od

ds
ra
tio

;
N
/A
:
no

t
ap
pl
ic
ab
le
;
A
IS
:
ac
ut
e
is
ch
ae
m
ic

st
ro
ke
;
IV
T
:
in
tr
av
en
ou

s
th
ro
m
bo

ly
si
s,
M
T
:
m
ec
ha
ni
ca
l

th
ro
m
be
ct
om

y.
a p
os
si
bl
e
bi
as

in
th
e
se
le
ct
io
n
of

pa
rt
ic
ip
an
ts
.

b l
ac
k
of

al
lo
ca
tio

n
co
nc
ea
lm
en
t.

c u
se

of
hi
st
or
ic
al
co
nt
ro
ls
.

d p
re
se
nc
e
of

co
ns
id
er
ab
le

he
te
ro
ge
ne
ity

be
tw

ee
n
st
ud
ie
s.

e w
id
e
co
nfi
de
nc
e
in
te
rv
al
s.

f im
ba
la
nc
e
in

ba
se
lin
e
ch
ar
ac
te
ri
st
ic
s
be
tw

ee
n
gr
ou

ps
.

XLIV European Stroke Journal 7(1)



Expert consensus statement

When considering MSU care, to maintain the same benefits of
clinical studies in routine practice and based on the current
evidence, including specialist neurological expertise either by
an in-person stroke expert or by remote consultation and a
streamlined process of care are essential.

The numerical results of the votes for this Expert
Consensus Statement are provided in Supplemental Table 2.

Discussion

This document was developed following the ESO stan-
dard operating procedure for guideline development53

and the GRADE methodology. This guideline aims to
inform physicians about evidence available on managing
suspected stroke patients with a MSU in the prehospital
setting and it aims to assist decision-makers in under-
standing the benefits of a prehospital advanced man-
agement of patients with suspected stroke. It is the first
guideline on this topic and includes up-to-date scientific
evidence. We found that based on five studies there was
very low evidence for no association between MSU care
and 7-day or 90-day mortality for patients with suspected
stroke. For patients with confirmed AIS, we found
moderate evidence from 12 studies demonstrating an
improved functional outcome, increased rates of treat-
ment with IVT and shortened onset to treatment time
when managed with a MSU in the prehospital setting. For
patients with ICH, we found low evidence coming from
three studies indicating an increased proportion of pri-
mary transports of these patients to tertiary care stroke
centres. The recommendation and two expert consensus
statements are summarised in Table 9.

We decided to provide only one combined recommen-
dation, because MSU care applies a novel management
pathway to patients with suspected stroke at the very first
moment when patients contact the health care system. This
is an unconventional approach, but at the time of the pa-
tients’ contact to the emergency medical dispatch centre, the
definite diagnosis of the patients is unclear. With the cur-
rently available dispatch pathways, a pre-selection of pa-
tients and dispatch of MSUs to a selected subgroup of stroke
patients (e.g. AIS) only, for whom enough evidence is
available, is not possible.

The broad variety of patients seen when using a MSU
pathway, is reflected by the different subsets of patients
ranging from patients identified as suspected stroke patients
by the emergency medical dispatch centre to patients eli-
gible for IVT as identified by stroke specialists in the
publications analysed for this guideline. This needs to be
considered in the interpretation of the results.

We found that there is moderate evidence for suggesting
MSU management over conventional management because
at scene identification of patients with AIS and IVT
treatment initiation leads to an improved functional out-
come at 90 days, reduces onset to treatment times, increases
the proportion of AIS patients receiving IVT and increases
golden hour treatment, in which probability of full recovery
is highest.1,68 In addition, in patients identified with an
intracranial haemorrhage already at the emergency site,
prehospital management with a MSU increases the pro-
portion of patients who are primarily transported to tertiary
care stroke centres with all treatment possibilities including
advanced Blood pressure management and neurosurgery.
There are no additional safety concerns for either stroke
patients or patients presenting with stroke mimics when
managed with a MSU in the prehospital setting.

The analysis performed for suspected stroke patients
focused on safety outcomes when treated on a MSU in the
prehospital field. This data is based on more than 3900
patients and comes from three RCTs and two large ob-
servational studies. When interpreting these results, it has to
be considered that one of the observational studies used
historical control data and all studies differed in their
participant’s inclusion criteria (e.g. >/= 10 min driving
distance to PSC51, specifically designed dispatch code42,69)
and data provided. However, it also has to be considered that
in non-randomised MSU studies neither patients can control
the time of their stroke nor can their families or bystanders
influence whether a MSU gets dispatched when calling the
emergency services given the nature of operation of an
ambulance. This leads to robust data also from non-
randomised intervention studies. This safety result for pa-
tients with suspected stroke is of huge importance and
emphasises the high quality of care delivered by MSU
ambulances. A relevant number of patients (26–66%) in-
volved in the analysis41,42,44,46,51 presented with other
conditions than stroke. Even though time at the emergency
site might be longer compared to standard pathways when
performing additional examinations, this has no impact on
short-termmortality. In addition, a sensitivity analysis of the
non-randomised, interventional BEST-MSU study pub-
lished by Grotta and collaborators in 2021 showed a sig-
nificantly higher number of patients with excellent clinical
outcome (mRS 0–1) at discharge (adjusted OR: 1.82; 95%
CI: 1.39–2.37; P < 0.001) even when including all enrolled
patients: AIS, TIA, ICH and stroke mimics.50 However,
information on all-cause mortality at 90 days needs further
research to be answered, as data was only available from
one non-randomised study with limited number of
patients.51

Patients with confirmed AIS had a higher OR for a better
clinical outcome when treated on a MSU compared to
standard care. These results come from four cohort publi-
cations, of which two were designed as large interventional
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studies.49,50 These two prospective studies by Ebinger
and co-authors (B_PROUD) and Grotta and collabo-
rators (BEST-MSU), both published in 2021 were the
only studies, in which the primary endpoint was the
clinical outcome (mRS at 3 months), assessed in a
blinded fashion. In addition, BEST-MSU used MSU
management in alternating weeks, which can be con-
sidered as a ‘quasi-randomised’ approach. To pay tribute
to the impact of these studies on clinical outcome, we
performed a sensitivity analysis including data of
B_PROUD and BEST-MSU only for all three of the
above-mentioned functional outcomes. The result
showed the same highly significant benefit for AIS
patients, when managed with a MSU in the prehospital
setting. In view of these considerations, all members of
the MWG were confident in upgrading the level of
evidence gained for the analysis of functional outcome
from low to moderate due to the strength of association
(clear evidence in better clinical outcomes with MSU)
and the quasi-randomised design.

The analysed time from emergency call-to-IVT, which
represents the prehospital phase plus the intrahospital
door-to-needle times ranged between 72 to 98 min on
average in the studies included in our analysis. Some
studies reported door-to-needle times for their control
groups with a median ranging from 29 to 58 min. This
compares favourably to the mean door-to-needle time
(without prehospital time) of 73 min with a median
(interquartile range) of 67 (47–91) min described in the
analysis of the Safe Implementation of Thrombolysis in
Stroke registry.70

The rationale for our specific recommendation was a
consistent effect strongly favouring MSUmanagement both
in the primary and in the sensitivity analysis. Furthermore,
in the B_PROUD study patients analysed for the primary
clinical outcome were patients with MSU dispatch in-
cluding those without IVT treatment. This confounding
factor leads to an underestimation of the demonstrated effect
on mRS as improved clinical outcome after AIS is strongly
related to the administration of systemic or endovascular
reperfusion therapies.56,71

We documented no benefit of MSU care in the proportion
of LVO patients receiving MT or in time metrics of MT.
However, even if MT was not demonstrated to be earlier in
the two studies analysed, B_PROUD and BEST-MSU, LVO
patients received earlier IVT treatment, which translates to a
better outcome.68 In both trials, patients with LVO had the
same benefit in 90-day mRS compared to non-LVO patients
(unpublished data from BEST-MSU and B_PROUD). It
should be considered that in B_PROUD49 and BEST-
MSU50, CTangiography was not performed routinely and if
done, it was repeated for most MSU patients with pre-
hospital CTA after hospital arrival, which aligns in-hospital
management of both groups and masks potential benefits of

an early initial CTA.72 Data from the Australian MSU
programme, indicated a difference in median time to MT
when referring to data from a historical control group. This
result was mainly achieved by bypassing the local non-MT
centres.47 Future research will add more evidence for pa-
tients suffering from LVO and other strokes (e.g. acute ICH)
and the MSU concept might facilitate the identification of
novel diagnostic and therapeutic approaches that may
provide benefit from ultra-early administration. We detected
a significant difference favouring MSU treatment for the
number of LVO patients directly transported to a tertiary,
MT-capable stroke centre and data coming from the RCT by
Helwig and collaborators published in 2019 emphasised
that emergency site triage accuracy with a MSU was better
than with the clinical Los Angeles Motor Scale (LAMS) for
identification of LVO patients.46 However, overall numbers
analysed are low (22 MSU vs 39 control patients), which
emphasises the need of further evaluations in larger cohorts.

It has been assumed that earlier management of sus-
pected stroke patients with or without IVT in the MSU may
increase the risk of sICH and extracranial bleeding com-
plications or mortality due to potential mechanical distress
during transport and compromised blood pressure man-
agement. We could not identify any significant difference in
all-cause mortality of AIS patients treated with a MSU
compared to standard care at 7 and 90 days. The MWG
group unanimously agreed to upgrade the indirectness of the
available data for sICH and proportion of stroke mimics
receiving IVT from not serious to serious considering the
wide CIs but also the disparity in sICH definitions of the
studies analysed. However, a recent publication did not
identify any difference in mortality and sICH of MSU
golden hour treated patients and in-hospital golden hour
treated AIS patients included in the SITS-EAST registry
(Safe Implementation of Treatments in Stroke-East).73

For patients with ICH, the information available comes
from only few studies with limited numbers of patients. The
MWG considered the direct transfer of ICH patients to
tertiary care stroke centres as a clinically relevant finding
that was incorporated in an Expert Consensus Statement,
although translation into clinical outcome still requires
further research. Direct access to tertiary stroke care can
lead to a quicker access to specialised treatment. This has
also been demonstrated in a recent cohort study of 49 ICH
patients who were treated with MSU receiving individually
adjusted management and improved triage.48 Also, the
quicker identification of an ICH as underlying cause of the
symptoms and the emergency site management by speci-
alised teams can lead to an earlier individualised blood
pressure management, which has been shown to influence
haematoma expansion and subsequent clinical outcome.35,74–77

Another advantage of the prehospital patient assess-
ment is the possibility of emergency site reversal of
anticoagulants to control haematoma volume in patients
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with anticoagulant-related ICH.36,78,79 All-cause mortality
of ICH patients at 7 and 90 days was not different in MSU
treated compared to standard care patients. However, these
results do not allow any overall conclusion as the infor-
mation only comes from a very limited number of patients.
Further research is needed to prove the potential clinical
benefits of MSU treatment for ICH patients, and ongoing
ICH treatment trials80,81, of which some are performed with

MSU management82, will potentially open the field for
additional therapeutic possibilities in the near future.

The strengths of this guideline are its systematic ap-
proach to searching the literature and guidance by the
GRADE methodology. We also performed a compre-
hensive set of analyses for the pre-specified outcomes
selected by the Delphi approach. The most important
question for stroke clinicians related to improved

Figure 21. Sensitivity (excluding non-interventional, non-randomised studies) random-effects meta-analysis comparing mobile stroke
units and conventional management in patients with confirmed acute ischaemic stroke for excellent functional outcome (mRS
score of 0–1) at 90 days.

Figure 22. Sensitivity (excluding non-interventional, non-randomised studies) random-effects meta-analysis comparing mobile stroke
units and conventional management in patients with confirmed acute ischaemic stroke for good functional outcome (mRS
score of 0–2) at 90 days.

Figure 23. Sensitivity (excluding non-interventional, non-randomised studies) random-effects meta-analysis comparing mobile stroke
units and conventional management in patients with confirmed acute ischaemic stroke for any better functional outcome
(ordinal shift analysis) at 90 days.
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functional outcomes, swift access to IVT bolus and in-
creased IVT rates in AIS patients could be answered with
convincing evidence leading to a clear recommendation.
Additionally, to mitigate the difference of published
study populations and harmonise groups in the aggregate
data meta-analysis, we included previously unpublished

data obtained from the respective researchers in personal
communication.

However, many questions posed by the MWG especially
regarding the benefits for patients with ICH treated with a
MSU need further research, especially with the option to
administer acute treatments much earlier. The approach of

Figure 24. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with intracerebral
haemorrhage for the proportion of patients transferred to tertiary centres.

Figure 25. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with intracerebral
haemorrhage for all-cause mortality at 7 days.

Figure 26. Random-effects meta-analysis comparing mobile stroke units and conventional management in patients with intracerebral
haemorrhage for all-cause mortality at 90 days.
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MSU care will always involve patients with non-acute stroke or
stroke mimics. While available data does not allow conclusions
of additional beneficial effects for these patient groups, it does
not suggest an increased risk or adverse outcome either. The
certainty of this assertion is low or very low. Nevertheless,
stroke unit care is also offered in stroke mimics or patients with
non-acute stroke without increasing the risk of adverse out-
comes but also without offering any additional benefit.

MSU care remained significantly associated with better
functional outcomes at discharge when analysing all en-
rolled patients – including stroke mimics and patients with
ICH – in the BEST-MSU study. Also, the B_PROUD study
included 26% patients with MSU cancellation and still
functional outcomes favoured MSU patients using this
intention-to-treat approach. Finally, we should keep in mind
that IVT in stroke mimics has not been associated with any
safety concerns.83

The benefits of a MSU pathway were all demonstrated in
stroke systems of care with availability of specialist neuro-
logical expertise, which were already highly efficient as
indicated by the short times to treatment and high IVT
treatment numbers in the standard management groups. The
set-up of an efficient stroke pathway is one of the major

challenges every organisation faces and this may influence
reproducibility of the results. Also, it is unclear whether
results will show a similar outcome in different geographical
areas e.g. rural settings as data available comes from urban or
suburban regions. Travelling times will definitely vary be-
tween the different regions and evenmore between urban and
non-urban areas. The travelling time relevant to all patients is
the time to arrival at the patient’s site. However, this time does
not differ between MSUs and conventional ambulances. Due
to the possibility to diagnose and apply IVT treatment on
board the MSU, longer travelling times to the stroke centres
are unlikely to affect the patient’s outcome, if no further
treatment is needed. Furthermore, once patients are diag-
nosed with AIS, then treatment with IVT is swiftly initiated.
We identified no studies completely conducted in rural areas.
This may represent another topic that deserves further re-
search because cost-effectiveness of MSUs may vary in
different geographic reasons given the fact that rural areas
may have fewer patients with suspected stroke per day and
might manage fewer cases per day due to the longer travelling
times.

Evidence available for the different patient populations
seen by a MSU differs and a high number of patients treated

Table 9. Summary of PICO questions, evidence-based recommendation and expert consensus statements.

PICO Question Recommendationsa Expert consensus statements

PICO 1: In patients with suspected acute
stroke, does prehospital management
with a mobile stroke unit compared to
conventional management improve
outcome?

We suggest the use of mobile stroke units over
conventional care for the prehospital
management of patients with suspected
stroke, for the following reasons:

- In patients with acute ischaemic stroke,
prehospital management with a MSU
improves functional outcomes, increases the
rates of treatment with intravenous
thrombolysis, including the rates of
thrombolysis within the golden hour and
shortens onset to treatment time without any
safety concerns.

Quality of evidence: Moderate ���
- In patients with intracranial haemorrhage,

prehospital management with a MSU
increases the proportion of patients primarily
transported to tertiary care stroke centres,
without concerns on short-term mortality.

Quality of evidence: Low ��
- In other patients (e.g. stroke mimics), no signal

of safety concerns was identified.
Quality of evidence: Very low �
Overall strength of recommendation:

Weak ↑

PICO 2: In patients with confirmed acute
ischaemic stroke, does prehospital
management with a mobile stroke unit
compared to conventional
management improve outcome?

When considering MSU care, to maintain
the same benefits of clinical studies in
routine practice and based on the
current evidence, including specialist
neurological expertise either by an in-
person stroke expert or by remote
consultation and a streamlined process
of care are essential.b

PICO 3: In patients with confirmed acute
intracerebral haemorrhage, does
prehospital management with a mobile
stroke unit compared to conventional
management improve outcome?

In confirmed acute intracerebral
haemorrhage patients, we suggest
prehospital management with mobile
stroke units over conventional
management because the timely
transfer of these patients to tertiary
stroke centres is crucial for optimal
therapeutic management.c

aThe single recommendation corresponds to all three PICOs.
bThis expert consensus statement corresponds to PICO 2.
cThis expert consensus statement corresponds to PICO 3.
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with a MSU, for whom evidence is weak likely impacts on
the cost burden coming with the concept. To mitigate this, an
increase of dispatch accuracy is needed, which will be more
likely achieved with more real-life data of MSU operation.

The dispatch process of MSU centres included in this
analysis varied from specially designed dispatch algo-
rithms69 and stroke scales46 to being based on the standard
medical priority dispatch system (MPDS), which reflects
reality in the different prehospital medical settings.

MSU efficiency strongly depends on dispatch accuracy.
However, dispatch is challenging, with a significant pro-
portion of the dispatches being stroke mimics.

MSU management is associated with an increase in costs.
Limited data is available indicating cost-effectiveness.84–87

The near future will bring further valuable information of the
pre-specified cost-effectiveness analysis of the B_PROUD and
BEST-MSU studies. However, stakeholders will eventually
assess the cost-to-benefit ratio for their particular setting.

In conclusion, the current recommendation emphasises
that optimisation of the prehospital phase of acute stroke
care is crucial for getting the best out of the available acute
stroke treatments. We suggest MSU management for sus-
pected stroke patients, because it will improve the func-
tional outcome of those with AIS without any signal of harm
to patients with a final diagnosis of ICH or stroke mimics.

MSU may also offer the unique opportunity to further
study additional interventions which can be rapidly deliv-
ered in both, AIS and ICH. Future research into MSUs will
have to focus not only on the implementation of novel
therapeutic strategies but also on the best setting for this
prehospital acute stroke care approach including optimal
dispatch organisation and cost-benefit analysis.

Plain language summary

Acute stroke is a treatable disease, but therapeutic success de-
pends on administration of treatments rapidly after symptom
onset. This is very well known for patients with a stroke caused
by a blood clot (‘ischaemic stroke’), who benefit from a clot
buster infusion (‘thrombolysis’) or treatment with wires navi-
gating through brain arteries to pull out the blood clot (‘Me-
chanical thrombectomy, MT’). But also, some patients with
bleeding in the brain (‘haemorrhagic stroke’) may benefit from
very quick monitoring, stabilisation of their blood pressure,
reversal of blood thinning therapies and care at a specialised
stroke centre with a brain surgery treatment option. However, the
main problem of current stroke patient management is that
patients do not reach the hospital in time to achieve the best
possible chances of disability-free survival. The new approach of
taking the stroke teamwith all necessary diagnostic equipment to
the patient rather than waiting for the patient in a hospital has
shown to improve acute stroke patient management. This ap-
proach uses a specialised emergency ambulance, called MSU,
which is equipped with a brain scanner, blood testing machines,

telemedicine connection to the stroke centre and is staffed
with a stroke specialist team. These ambulances are used in
several centres worldwide to diagnose and treat stroke pa-
tients at the emergency site and to decide to which hospital
the patients have to be transported. The guideline authors
make recommendations about the benefits of these MSU
ambulances for management of patients with suspected
stroke, acute ischaemic or haemorrhagic stroke. The authors
have based their recommendation and analysis on the
available international literature.

The guideline makes one recommendation

MSU use is suggested for the prehospital assessment of
patients with suspected stroke. If an ischaemic stroke is
diagnosed MSUs can facilitate swift treatment initiation
with clot buster infusion and transportation to an appro-
priate hospital that can provide potential clot removal
through a procedure.

Potential benefits for patients with a brain bleed may be
possible and no direct harm, especially to those not suffering
from a stroke could be detected. Further research is needed
to detect further benefits. Local EMS organisations should
invest in optimising dispatch quality in order to make MSUs
available to as many AIS patients as possible.
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