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ABSTRACT
Introduction Mechanical thrombectomy (MT) increases 
functional independence in patients with acute ischaemic 
stroke with anterior circulation large vessel occlusion (LVO), 
and the probability to achieve functional independence 
decreases by 20% for each 1- hour delay to reperfusion. 
Therefore, we aim to investigate whether direct angiosuite 
transfer (DAT) is superior to standard imaging/emergency 
department- based management in achieving 90- day 
functional independence in patients presenting with an acute 
severe neurological deficit likely due to LVO and requiring 
emergent treatment with MT.
Methods and analysis DIRECT ANGIO (Effect of DIRECT 
transfer to ANGIOsuite on functional outcome in patient 
with severe acute stroke treated with thrombectomy: the 
randomised DIRECT ANGIO Trial) trial is an investigator- 
initiated, multicentre, prospective, randomised, open- label, 
blinded endpoint (PROBE) study. Eligibility requires a patient 
≤75 years, pre- stroke modified Rankin Scale (mRS) 0–2, 
presenting an acute severe neurological deficit and admitted 
within 5 hours of symptoms onset in an endovascular- capable 
centre. A total of 208 patients are randomly allocated in a 1:1 
ratio to DAT or standard management. The primary outcome 
is the rate of patients achieving a functional independence, 
assessed as mRS 0–2 at 90 days. Secondary endpoints 
include patients presenting confirmed LVO, patients eligible 
to intravenous thrombolysis alone, patients with intracerebral 
haemorrhage and stroke- mimics, intrahospital time metrics, 
early neurological improvement (reduction in National Institutes 
of Health Stroke Scale by ≥8 points or reaching 0–1 at 24 
hours) and mRS overall distribution at 90 days and 12 months. 
Safety outcomes are death and intracerebral haemorrhage 
transformation. Medico- economics analyses include health- 
related quality of life and cost utility assessment.

Ethics and dissemination The DIRECT ANGIO trial was 
approved by the ethics committee of Ile de France 1. 
Study began in April 2020. Results will be published in an 
international peer- reviewed medical journal.
Trial registration number NCT03969511.

INTRODUCTION
Background and rationale
Strokes remain a large cause of death and 
disability, and prevalence of large vessel occlu-
sion (LVO) among patients with suspected 
acute ischaemic stroke ranged from 13% 
to 52%, with overall prevalence of 30.0%.1 
Mechanical thrombectomy (MT) has become 

Strengths and limitations of this study

 ► DIRECT ANGIO trial is the first multicentre ran-
domised clinical trial to directly compare direct 
angiosuite transfer (DAT) versus standard manage-
ment for highly suspected patients with anterior 
circulation large vessel occlusion ischaemic stroke.

 ► DIRECT ANGIO aims to provide further evidence of the 
clinical benefit of DAT, as well as socioeconomic positive 
impact for the global health system.

 ► The multicentre setting and large pragmatic inclusions 
criteria compatible with current clinical practice and rec-
ommendations will allow external validity.

 ► Primary outcome measure will allow evaluation of func-
tional independence at 90 days.

 ► Secondary outcomes will measure the safety and 
medico- economic impact of DAT.
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the standard of care for reperfusion therapies in acute 
anterior LVO strokes,2 and is strongly dependent on time 
with 20% decreased probability of functional indepen-
dence for each 1- hour delay to reperfusion.3 The Highly 
Effective Reperfusion evaluated in Multiple Endovascular 
Stroke Trials (HERMES) meta- analysis demonstrated that 
prognosis is directly related to combined ischaemic core 
volume with age and expected imaging- to- reperfusion 
time after successful reperfusion.4 While the stroke 
network reorganisation reduced symptoms- to- needle 
time and increased accessibility to endovascular- capable 
centres, it is currently crucial to achieve fast triage and 
initiation of endovascular therapy. To date, patients with a 
suspected stroke are first admitted in the radiology/emer-
gency department and secondary transfer to the angio-
suite for MT if LVO is confirmed. This approach results 
in prolonged delays in delivering definitive therapy in 
the setting of LVO, whereas the angiosuite has imaging 
facilities to rule out intracranial haemorrhage (ICH) 
and confirm proximal arterial occlusion (cone beam 
CT (CBCT)), and therefore the ability to triage patients. 
Retrospective studies reported a clinical benefit of a direct 
angiosuite transfer (DAT).5–7 The aim of DIRECT ANGIO 
(Effect of DIRECT transfer to ANGIOsuite on functional 
outcome in patient with severe acute stroke treated with 
thrombectomy: the randomised DIRECT ANGIO Trial) 
trial is to compare the effectiveness and safety of DAT 
versus conventional management in patients presenting 
an acute severe neurological deficit and thus mainly due 
to LVO eligible to MT.

Objectives
Primary objective
The primary objective of the study is to determine whether 
DAT compared with conventional management is associ-
ated with improved 90- day functional independence in 
patients presenting with prehospital acute severe neuro-
logical deficit likely to require treatment with MT. Func-
tional independence is defined as a modified Rankin 
Scale (mRS) score of 0–2 at 90 days.

Secondary objectives
The study will also explore the feasibility, efficacy and 
safety of DAT, as well as cost- utility assessment.

Trial design
The DIRECT ANGIO trial is a prospective, multicentre, 
randomised, open- label, blinded- endpoint (PROBE), 
two- arm, clinical trial to compare the effectiveness and 
safety of DAT versus standard management in patients 
with acute prehospital severe neurological deficit 
suspected to LVO of the anterior circulation.

Consort diagram
Figure 1 shows the shows the Consolidated Standards of 
Reporting Trials (CONSORT) diagram of the DIRECT 
ANGIO trial.8

METHODS AND ANALYSIS
Participants, interventions and outcomes
This manuscript was written in accordance with the Stan-
dard Protocol Items: Recommendations for Interven-
tional Trials guidelines.9

Study setting
The DIRECT ANGIO trial takes place in nine compre-
hensive stroke centres in France (CHRU- Nancy, CHU 
Besançon, CH Colmar, CHU Strasbourg, CHU Reims, 
Foch, CHRU Montpellier, CHU Limoges and CHU 
Bordeaux).

Eligibility criteria
Inclusion criteria
Adult patients ≤75 years old, pre- stroke mRS 0–2, with 
acute severe neurological deficit at prehospital stage 
and directly admitted at an endovascular- capable centre 
within 5 hours of symptoms onset and who meet all 
eligibility criteria are considered for study enrolment. 
Secondary transfer patients are not eligible in the trial. As 
the study objective is to target a completely autonomous 
population that can be assumed to have neither cognitive 
problems, nor a history of stroke age was limited to 75 
years old. Table 1 lists the inclusion and exclusion criteria.

As of the phone call from the emergency rescue service, 
inclusion and exclusion criteria are checked and then 
the patient randomise during the hospital travel (before 
admission). We are modifying the timing of randomisa-
tion. Randomisation will be performed after severe stroke 
confirmation by a neurologist immediately after admis-
sion (version 3.0). Oral informed consent will be sought 
via telephone conversations from patient or from their 
relatives. Emergency consent procedure may be consid-
ered if consent is not possible by the subject or a proxy. 
Written informed consent for continuation will be then 
collected as soon as possible, within 3 months.

Interventions
Experimental arm (DAT approach)
On arrival in angiosuite and after rapid neurological exam-
ination (using National Institutes of Health Stroke Scale 
(NIHSS) and mRS scores) and blood sample, the patient 
undergoes CBCT in order to exclude non- ischaemic 
stroke and angiogram to confirm LVO (tandem, intracra-
nial internal carotid artery, M1 or proximal M2 segment 
of the middle cerebral artery, basilar artery or P1 segment 
of the posterior cerebral artery). Several managements 
can be performed:
1. Whatever the NIHSS score at admission, patients with 

no ICH and with LVO were treated with MT and, if 
eligible, with intravenous recombinant tissue plasmin-
ogen activator (IV rt- PA) as soon as possible. A low 
Alberta Stroke Program Early CT Scale (ASPECTS) or 
low collateral score was not an exclusion criterion for 
MT.

2. Patients with no ICH and with a distal vessel occlusion 
were treated with IV rt- PA alone, if eligible.
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3. Patients with no ICH and with no arterial occlusion 
were started on IV rt- PA, if eligible, and received an 
additional stroke imaging (MRI or CT) to decide on 
further treatment.

4. Patients with an ICH and no occlusion were treated as 
per institutional standards.

5. Patients with an ICH and LVO were treated with MT 
after an individualised case discussion between neurol-
ogist, neuroradiologist and patient or his/her proxy.

However, the subject will remain in the intention- to- 
treat population.

Control arm (conventional approach)
Arrival is in the imaging/emergency department, and 
after neurological examination and blood sample, the 
patient undergoes stroke imaging (MRI or CT). After 
LVO confirmation, the patient is treated with IV rt- PA, 
if eligible, and transfer to angiosuite for MT as soon as 

Figure 1 CONSORT (Consolidated Standards of Reporting Trials) diagram of the DIRECT ANGIO trial illustrating the 
randomisation and flow of patients in the study. CBCT, cone beam CT; EQ- 5D- 5L, 5 dimensions and 5 levels EuroQol 
questionnaire; ICH, intracerebral haemorrhage; IV, intravenous; LVO, large vessel occlusion; mRS, modified Rankin Scale; 
mTICI, modified Thrombolysis In Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale.
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possible. In the setting of no LVO, the patients are treated 
as per institutional standards.

Clinical assessment
Baseline characteristics include prestroke mRS score, 
symptoms and intrahospital time metrics. Neurological 
deficit is assessed using the NIHSS score at baseline, after 
24 (±6) hours, at 5–7 days (or discharge if earlier) and 
at 90 (±15) days. At 90 (±15) days and 12 (±1) months, 
outcome assessment is also evaluated with the mRS score 
and health- related quality of life (EQ- 5D- 5L).10 11

Imaging protocol
Baseline imaging (MRI or CT for the standard manage-
ment group and CBCT and angiogram for the DAT 
group) is performed. Baseline imaging, angiographic 
imaging before, and at the end of endovascular proce-
dure as well as follow- up imaging at 24 (±6) hours for ICH 
are assessed by an independent core laboratory. The core 
laboratory evaluates the findings on the baseline imaging 
for the ASPECTS (range 0–10, with 1 point subtracted for 
any evidence of early ischaemic change in each defined 
region on the CT scan or diffusion- weighted imaging 
sequence),12 baseline vessel imaging (CT angiogram or 
MR angiogram) for the location of the occlusion. The core 
laboratory assessed also angiographic outcomes on digital 
subtraction angiography, using the modified Thrombol-
ysis in Cerebral Infarction (mTICI) score, which ranges 
from 0 (no reperfusion) to 3 (complete reperfusion).13 
Radiological outcome measures will be centrally analysed, 
blinded to treatment allocation.

Outcomes
Primary outcome
The proportion of patients with functional indepen-
dence defined as mRS score 0–2 at 90 (±15) days 
between DAT and conventional admission in patients 
≤75 years old presenting an acute severe neurological 

deficit at prehospital stage and directly admitted at an 
endovascular- capable centre within 5 hours of onset.

Secondary outcomes
1. Secondary feasibility endpoints:

 – Rate and site of LVO.
 – Intrahospital time metrics (admission to imaging/

needle/puncture/reperfusion, imaging to punc-
ture/reperfusion and puncture to reperfusion).

2. Secondary efficacy endpoints:
 – Quality of reperfusion according to the mTICI 

score.
 – Procedural complications (embolus in a new terri-

tory, perforation and dissection).
 – Clinical status with the NIHSS score at 24 (±6) 

hours, 5–7 days (or discharge if earlier), 90 (±15) 
days.

 – Blinded 12 (±1)- month mRS score.
3. Secondary safety endpoints:

 – Rate of patients eligible to IV rt- PA alone.
 – Rate of ICH.
 – Rate of stroke mimics.
 – Rate of patients requiring secondary stroke imag-

ing.
 – Rate of intracerebral haemorrhagic transformation 

of ischaemic stroke according to the European Co-
operative Acute Stroke Study III classification.14

 – Rate of mortality at 90 (±15) days and 12 (±1) 
months.

 – Rate of decompressive hemicraniectomy.
4. Cost- utility assessment include health- related quality of 

life assessment at 90 (±15) days and 12 (±1) months 
and assessment of costs from the time of randomisa-
tion to the 12- month follow- up:
 – Costs of hospitalisation.
 – Institutionalised living.
 – Outpatient care.

Table 1 DIRECT ANGIO inclusion and exclusion criteria

Inclusion Exclusion

 ► Adult ≤75 years
 ► Prestroke mRS 0–2
 ► Acute severe neurological deficit at hospital admission confirmed 
by neurologist defined as:*
 – Unilateral motor deficit with a score ≥5

 – Facial palsy (item 4 NIHSS 0 to 2)
 – Arm (item 5 NIHSS 0 to 4)
 – Leg (item 6 NIHSS 0 to 4) AND

 – Cortical symptom with a score ≥1
 – Language (item 9 NIHSS 0 to 3)
 – Extinction (item 11 NIHSS 0 to)

 ► Hospital admission ≤5 hours
 ► Patients directly admitted to an endovascular- capable centre
 ► Immediate availability of the angioroom and endovascular 
treatment team at the randomisation

 ► Affiliation to/beneficiary of a social regime

 ► Severe allergy to contrast agents
 ► Pregnant or breastfeeding women
 ► Consent refusal or opposition of the relatives
 ► Under legal protection
 ► Any terminal illness such that patient would not be 
expected to survive more than 90 days

*New criteria of the version 3.0.
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.
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 – Informal care provided by relatives.
 – Cost of lost productivity.

Recruitment
The patients are expected to be included during a 
30- month period starting in April 2020.

2016–2017: Protocol, approvals from ethics committee 
(CPP IDF I) and the French Medicine Agency (Agence 
Nationale de Sécurité du Médicament et des produits de 
santé, ANSM); trial tool development (online case report 
form (CRF) and randomisation system).

2020–2023: Inclusion of patients.
2023–2024: Cleaning and closure of the database, data 

analyses, writing of the manuscript and submission for 
publication.

Trial status
The current protocol is 2.0. Study started enrolment in 
27 April 2020. To date (31 January 2021), seven patients 
have been randomised in the study (one centre open).

Patient and public involvement
Patients will not be invited to comment on study design or 
conduction of the trial.

METHODS: ASSIGNMENT OF INTERVENTIONS
Allocation and sequence generation
After inclusion, the patients are randomised in two arms 
using a web- based centralised system with a 1:1 ratio to 
either DAT or standard management (figure 1). The 
randomisation sequence is provided by an independent 
statistician (who did not take part in assessing the patients 
at any point in the study) using computer- generated 
random numbers and stratified by centre and delay from 
onset to hospital admission (before or after 2.5 hours). 
The randomisation sequence is implemented in the elec-
tronic case report form system to ensure a centralised 
real- time randomisation procedure. Subjects are enrolled 
and randomised by emergency physicians, neurologists 
or neuroradiologists.

Blinding
For the primary outcome, a centralised certified clinical 
research nurse from the trial centre, who will be unaware 
of the treatment group assignments, records the mRS at 
90 days and 1 year by telephone with the patient, proxy 
or healthcare provider.8 9 All neuroimaging readings 
including determination of the ASPECTS score, arterial 
occlusion site, clot burden score and haemorrhagic trans-
formation are performed by the imaging core laboratory, 
which is also blinded to procedure allocation.

METHODS: DATA COLLECTION, MANAGEMENT AND ANALYSIS
Data collection and management
Similarly to other studies,15 the entire study is conducted 
using eCRFs, where all clinical data on enrolled subjects 
are entered (single- keyed) by the site personnel. The 

eCRF was developed using CleanWeb (Tentelemed) 
software. The essential data necessary for monitoring 
the primary and secondary endpoints are identified and 
managed at regular intervals throughout the trial. Data 
are monitored by members of the CIC 1433 Technolog-
ical Innovation of Nancy University Hospital using the 
predefined rules and queries are automatically edited. 
Lastly, overall automated monitoring is performed by the 
data manager after completion of data entry. In cases of 
discrepancies, queries can be edited to resolve the prob-
lems encountered.

Patient withdrawal
Evaluated procedure is tested during the management 
of endovascular thrombectomy. Nevertheless, the partic-
ipant can withdraw consent at any time without the need 
for further explanation. Data will be destroyed and a new 
patient will be randomised for the complete sample size.

Statistical methods
Sample size estimation
Based on the literature,2 5–7 we expect a 90- day mRS 0–2 
rate of 30% in the control arm. We assume that DAT 
approach (intervention arm) will be associated with an 
absolute increase of 20% (corresponding to a 90- day 
mRS 0–2 rate of 50%) due to 1- hour delay to reperfusion 
reduction. To detect this effect size, with a two- sided test 
at the 0.05 level of significance, and a power of 80%, 93 
subjects per arm will be required. To account for an antic-
ipated rate of 10% dropout (ie, patients lost to follow- up 
and without LVO), we planned to include a total of 208 
subjects (104 per arm).

Interim analysis
One interim analysis is planned once 50% of patients have 
been included, for the study to be stopped early owing 
either to compelling evidence of efficacy (using a prespec-
ified Haybittle–Peto efficacy boundary with an alpha level 
of 0.001) or of futility. The independent data and safety 
monitoring board (DSMB) could recommend stopping 
the study if prolongation of the trial clearly compromises 
patient safety (in case of serious adverse reactions (SARs) 
or suspected unexpected serious adverse reactions 
(SUSARs)). The steering committee will be responsible 
to continue, hold or stop the study based on the DSMB 
recommendations.

Statistical analyses
Statistical analyses will be carried out independently by 
the CIC 1433 Technological Innovation of Nancy Univer-
sity hospital under the responsibility of Professor Jacques 
Felblinger, where statisticians and investigators will be 
aware of the treatment group allocation. Baseline char-
acteristics will be described for each treatment group; 
categorical variables will be expressed as frequencies and 
percentages and quantitative variables will be expressed 
as means±SD or medians (IQR) for non- Gaussian distri-
bution. Normality of distributions will be assessed graph-
ically and by using the Shapiro- Wilk test. No formal 
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statistical comparisons of baseline characteristics will be 
done; clinical importance of any imbalance will be noted. 
All analyses will be performed using all randomised 
participants based on their original group of randomis-
ation, according to the intention- to- treat principle. The 
intention- to- treat analysis will analyse all included patients 
and patients will be analysed according to the randomis-
ation scheme. This analysis will include all patients with 
LVO but also with ICH, stroke mimics, ischaemic stroke 
without LVO at admission, independently of receiving 
MT or not. A per- protocol analysis will be considered 
only for primary endpoint as a secondary analysis. Per- 
protocol population will include all randomised patients 
excluding those without LVO strokes. Furthermore, 
the costs avoided analysis will take into account a cost 
difference between the two randomisation arms at 12 
(±1) months and will extrapolate this difference over an 
expected lifetime using a Markov model. The cost- utility 
analysis will also be performed with health- related quality 
of life estimated with EQ- 5D- 5L questionnaire. The 
CONSORT statement recommendations will be applied 
for drafting the final report.

METHODS: MONITORING
Data monitoring
Before the start of the study, neurological and neurora-
diological medical and paramedical teams are trained 
at each site for the study protocol by study coordina-
tors. Physicians are in charge of patient screening and 
inclusion. Data will be collected in a web- based eCRF by 
trial personnel. Each centre will only have access to site- 
specific data. Each patient will receive a unique trial iden-
tification number. Only the investigators and research 
team will have access to any protected health information 
of study participants and any study data.

Data monitoring and quality control will be conducted 
in each centre after the first 10 inclusions then after the 
next 20 inclusions and at the end of the study by offi-
cial representatives of the study promoter (Department 
of Clinical Research and Innovation, Nancy University 
Hospital). Data will be handled according to the French 
law. All original records (including consent forms, 
reports of SUSARs and relevant correspondences) will be 
archived at trial sites for 15 years. The clean trial database 
file will be anonymised and maintained for 15 years. Only 
the principal investigators and the statistician will have 
access to the final dataset.

Harms
Every adverse event that could be related to the trial will 
be reported to the trial coordinating centre. According to 
the French law, all suspected serious adverse events will be 
reported to the ANSM. The DSMB will also be informed. 
DSMB is independent from the trial investigators and 
will perform an ongoing review of safety parameters 
and study conduct. The members of the DSMB are not 
participants of the DIRECT ANGIO consortium and not 

involved in the clinical trial. The DSMB is composed of 
one neuroradiologist, one pharmacovigilance specialist 
and one methodologist, who are not participating in the 
study and are not affiliated with the sponsor and who have 
skills and expertise in clinical neuroscience and clinical 
research. The DSMB will be responsible for safeguarding 
the interests of trial participants, assessing the safety of 
the interventions during the trial and for monitoring the 
overall conduct of the trial. DSMB could also formulate 
recommendations related to the recruitment/retention 
of participants, their management, improving adherence 
to protocol- specified regimens, and the procedures for 
data management and quality control. No formal criteria 
are set to stop the study. However, recommendations for 
pausing or stopping the study could be made by DSMB 
in case of SARs and SUSAR. The scientific committee will 
be responsible for promptly reviewing the DSMB recom-
mendations and to decide whether to continue, hold or 
stop the study, and to determine whether amendments to 
the protocol are needed.

ETHICS AND DISSEMINATION
Any change to eligibility criteria, outcomes and anal-
yses will be communicated to investigators, the ethics 
committee and the ANSM to obtain their approval. 
The DIRECT ANGIO trial was approved by the ethics 
committee (CPP) of Ile de France 1.

Consent or assent
Whenever possible to include the patient, written inform 
consent will be searched. Nevertheless, related to neuro-
logical injury and emergency, the patient may be unable 
to provide written informed consent. In this case, written 
informed consent could be obtained from the patient 
next of kin if immediately available. Otherwise, an emer-
gency consent procedure is used with investigator signa-
ture countersigned by an independent physician. As soon 
as possible after recovery, written informed consent form 
will be obtained.

Dissemination
Results will be published in an international peer- reviewed 
medical journal.

DISCUSSION
Few studies evaluated the impact of DAT in the manage-
ment of suspected LVO stroke patients, especially in 
the setting of primary admission. DIRECT ANGIO is a 
French PROBE, two- arm randomised trial comparing 
DAT versus standard management for patients with acute 
severe neurological deficit before hospital admission and 
thus suspected to anterior circulation LVO eligible to 
MT. Randomisation is performed before hospital admis-
sion and within 5 hours of onset. Primary endpoint is the 
90- day functional independence. The study will provide 
efficacy and safety data as well as socioeconomic evidence 
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for the DAT management for patients with acute severe 
stroke.
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