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ABSTRACT

Introduction Endovascular thrombectomy is the standard
of care for anterior circulation acute ischaemic stroke (AIS)
secondary to emergent large vessel occlusion in patients
who qualify. General anaesthesia (GA) or conscious
sedation (CS) is usually required to ensure patient comfort
and avoid agitation and movement during thrombectomy.
However, the question of whether the use of GA or CS
might influence functional outcome remains debated.
Indeed, conflicting results exist between observational
studies with better outcomes associated with CS and small
monocentric randomised controlled trials favouring GA.
Therefore, we aim to evaluate the effect of CS versus GA
on functional outcome and periprocedural complications
in endovascular mechanical thrombectomy for anterior
circulation AIS.

Methods and analysis Anesthesia Management in
Endovascular Therapy for Ischemic Stroke (AMETIS)

trial is an investigator initiated, multicentre, prospective,
randomised controlled, two-arm trial. AMETIS trial will
randomise 270 patients with anterior circulation AIS in a
1:1 ratio, stratified by centre, National Institutes of Health
Stroke Scale (<150r >15) and association of intravenous
thrombolysis or not to receive either CS or GA. The primary
outcome is a composite of functional independence at

3 months and absence of perioperative complication
occurring by day 7 after endovascular therapy for anterior
circulation AlS. Functional independence is defined

as a modified Rankin Scale score of 0-2 by day 90.
Perioperative complications are defined as intervention-
associated arterial perforation or dissection, pneumonia
or myocardial infarction or cardiogenic acute pulmonary
oedema or malignant stroke evolution occurring by day 7.
Ethics and dissemination The AMETIS trial was
approved by an independent ethics committee. Study
began in august 2017. Results will be published in an
international peer-reviewed medical journal.

Trial registration number NCT03229148.

Strengths and limitations of this study

» Anesthesia Management in Endovascular Therapy
for Ischemic Stroke trial is the first multicentre
randomised controlled trial comparing conscious
sedation (CS) and general anaesthesia (GA) in
thrombectomy for anterior circulation (internal ca-
rotid artery and/or proximal middle cerebral artery)
acute ischaemic stroke.

» The multicentre setting and large pragmatic inclu-
sions criteria compatible with current practice and
recommendations will allow external validity.

» Stratification based on centre, stroke severity
and concomitant administration of intravenous
thrombolysis will allow groups homogeneity and
comparability.

» Composite primary outcome measure will allow
evaluation of functional independence at 3 months
and neurological and non-neurological periproce-
dural complications. Secondary outcomes will mea-
sure different important aspects of care.

» Despite the absence of specific anaesthetic proto-
col concerning CS and GA management in order to
reinforce external validity, perfusion pressure deter-
minants (arterial blood pressure and carbon dioxide
tension) will have to be maintained in strict limits.

INTRODUCTION

Background and rationale

Endovascular mechanical thrombectomy
dramatically changed management of

acute ischaemic stroke (AIS). Randomised
controlled trials demonstrated improved
outcome associated with the procedure using
stent retrievers in anterior circulation AIS.'™
The American Heart Association/American



Stroke Association, as others national medical societies,
rapidly endorsed this strategy as a level 1 recommenda-
tion in association if possible with intravenous thrombol-
ysis.” Nevertheless, periprocedural management in the
field added complexity since immobility and cardiorespi-
ratory stability could be incompatible with acute neuro-
logical failure in these frail patients. Notably, the optimal
management strategy during thrombectomy, using either
general anaesthesia (GA) or conscious sedation (CS),
remains controversial. It was traditionally assumed that
CS was superior since GA could negatively affect brain
physiology especially cerebral blood flow (CBF) in the
penumbra area related to induced systemic hypotension
and carbon dioxide modulation.® Also, it was stressed
the possible excessive delay associated with GA initia-
tion that counteract a ‘time is brain’ strategy. Neverthe-
less, evidence-based medicine supporting this concept is
scarce with methodological issues associated with obser-
vational data.” Notably, sickest patients were prone to
receive GA and the anaesthetic strategy was not proto-
colised nor randomised.'” We could conceptually argue
possible benefits of GA providing systemic hypotension
is treated and avoided: (1) immobility that could facili-
tate an easier, rapid and effective technical procedure;
(2) airway protection since AIS patients are prone to aspi-
ration pneumonia related to neurological injury and (3)
patient comfort in a highly stressful environment with
sometimes prolonged procedures.” Recently, three small
monocentric randomised controlled trials specifically
addressed effect of anaesthesia care on stroke outcome.
First, the SIESTA (Sedation vs. Intubation for Endovas-
cular Stroke TreAtment) trial randomised 150 patients
between CS and GA." No difference occurred in the
National Institutes of Health Stroke Scale (NIHSS) at
24 hours, which was the primary outcome. More patients
were functionally independent after 3 months, defined
as a modified Rankin Scale (mRS, which ranges from 0
(no symptom) to 6 (death)) of 0-2, in the GA group.
Second, the AnStroke (Anesthesia during Stroke) trial
randomised 90 patients between CS and GA."* No differ-
ence was achieved concerning the primary outcome mRS
at 3 months and others secondary outcomes. Finally, the
GOLIATH (General Or Local Anaesthesia in Intra Arte-
rial THerapy) trial randomised 128 patients between
CS and GA."” There was no difference in the volume of
infarct growth as a primary outcome despite significantly
higher successful reperfusion and better mRS score at
3 months in the GA group. On the assumption of these
discrepancies, a multicentre randomised controlled trial
comparing CS and GA is urgently needed."* '

Objectives

Primary objective

The primary objective of the study is to determine whether
CS or GA is associated with improved outcome defined
as a dichotomous composite of functional independence
at 3 months and absence of perioperative complication
occurring by day 7 after endovascular therapy for anterior

circulation AIS. Functional independence is defined as
an mRS score 0-2 by day 90. Perioperative complications
are defined as intervention-associated arterial perfora-
tion or dissection, pneumonia or myocardial infarction
or cardiogenic acute pulmonary oedema or malignant
stroke evolution occurring by day 7.

Secondary objectives

The study will also explore if CS or GA in endovascular
therapy for anterior circulation AIS is associated with
difference in several outcomes: functional independence
by day 90, intraprocedural haemodynamic and ventila-
tory conditions, intervention-associated vessel and others
complications, procedural time delays, successful reca-
nalisation, stroke unit and hospital length of stay, periop-
erative complications by day 7, unexpected intensive care
unit admission by day 7, mortality by day 7 and day 90.

Trial design

The Anesthesia Management in Endovascular Therapy
for Ischemic Stroke (AMETIS) trial is an investigator initi-
ated, national, multicentre, prospective, open-labelled,
stratified, randomised controlled two-arm trial.

CONSORT diagram
Figure 1 shows the Consolidated Standards of Reporting
Trials (CONSORT) diagram of the AMETIS trial.'

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.'”

Study setting

The AMETIS trial takes place in 11 university hospitals in
France (Clermont-Ferrand, Paris Pitié-Salpétriere, Paris
Saint-Antoine, Lyon, Toulouse, Marseille, Montpellier,
Rouen, Lille, Poitiers and Saint-Etienne).

Eligibility criteria

Inclusion criteria

Adult patients admitted for anterior circulation (internal
carotid artery and/or proximal middle cerebral artery)
AIS, eligible for thrombectomy as decided by the
neurology/neuroradiology teams based on current
guidelines using brain imaging selection.'”

Exclusion criteria

Patients with one or more criteria are not included

> Age <18 years.

» Coma or altered vigilance defined as a score =2 on
the level of consciousness 1A subscale of the NITHSS.'®
Premorbid loss of autonomy defined as an mRS >1.1
Posterior circulation stroke.

Associated cerebral haemorrhage.

Stroke complicating another acute illness or postop-
erative stroke.

vvyyvyy



[ Enrolment ]

Patients with anterior circulation AIS assessed for eligibility (n= )

v

Excluded (n= )

+ Not meeting inclusion criteria (n= )
+ Declined to participate (n= )

+ Other reasons (specify) (n= )

Randomised (n= )

v

v

Allocated to general anaesthesia (n=) [ Allocation ] Allocated to conscious sedation (n= )
Lost to follow-up at day 90 (give reasons) (n= ) Lost to follow-up at day 90 (give reasons) (n= )
Follow-Up
Discontinued intervention (give reasons) (n= ) Discontinued intervention (give reasons) (n= )
Analysed (n=) Analysed (n=)
+ Excluded from analysis (give reasons) (n= ) [ Analysis + Excluded from analysis (give reasons) (n= )
Figure 1 CONSORT diagram of the Anesthesia Management in Endovascular Therapy for Ischemic Stroke trial illustrating the

randomisation and flow of patients in the study. AlS, acute ischaemic stroke; CONSORT, Consolidated Standards of Reporting

Trials.

» Pregnant or breastfeeding women.
» Adult under the protection of the law.

Interventions
Patients eligible for inclusion will be randomly assigned to
CS or GA after a routine medical anaesthetic emergency
evaluation has been made by a certified senior anaesthe-
siologist. As required by French law, all contraindications
and/or known allergy to anaesthetics will be registered.
Modality of the CS and GA protocols are left to the
attending anaesthesiologist in accordance with current
and local guidelines providing systolic blood pressure
is maintained between 140 and 180mm Hg (with vaso-

pressor infusion if necessary) and arterial pulse oximetry
(Sp02) >94%."

Under GA, tracheal intubation is mandated and
mechanical ventilation should be managed to maintain
an end-tidal CO, level between 30 and 35 mm Hg.

Under CS, a minimal to moderate sedation level has to
be targeted as defined by the American Society of Anes-
thesiologists recommendations.”’ Clinical sedation level
will be evaluated using the Richmond Agitation Sedation
Scale (RASS) with an objective between 0 and -3 (defined
as a patient alert and calm or drowsy with sustained awak-
ening (eye opening/eye contact) to voice 210s or briefly
awake to voice with eye contact <10s or movement/eye
opening to voice).”! # Effective spontaneous ventilation
has to be maintained.

In the CS group, a crossover to GA with tracheal intu-
bation is recommended in case of severe agitation, coma



defined as a =4 or -5 RASS value (no response to voice
but movement or eye opening to physical stimulation or
no response to physical stimulation) despite stopping
sedative drugs, loss of airway protective reflexes, respira-
tory failure and incoercible vomiting.

Stent retrievers are the preferred devices to perform
thrombectomy. Nevertheless, alternative devices could be
used.

At the end of intervention, GA and CS have to be imme-
diately stopped and in the GA group extubation should
occur as soon as possible

After the intervention, depending on each hospital
organisation and anaesthesia modality (GA or CS),
patients are transferred to the postanaesthesia care unit
or neurological or general intensive care unit.

Outcomes

Primary outcome measure

The primary outcome measure is a binary composite of
functional independence at 3 months and absence of
perioperative complication occurring by day 7 after endo-
vascular therapy for anterior circulation AIS. Functional
independence is defined as an mRS score 0-2 by day
90. Perioperative complications are defined as interven-
tion-associated arterial perforation or dissection, pneu-
monia or myocardial infarction or acute cardiogenic
pulmonary oedema or malignant stroke evolution occur-
ring by day 7.

Secondary outcome measures

» mRS by day 90."9***

- Ordinal score on the mRS by day 90.

- Functional independence by day 90 defined as an
mRS score 0-2.

- Excellent recovery by day 90 defined as an mRS
score 0-1.

- Moderate recovery by day 90 defined as an mRS
score 0-3.

- Shift analysis of day 90 mRS adjusted for initial
prognostic factors (baseline mRS, age, initial
NIHSS and carotid top occlusion).

- Good recovery defined with sliding dichotomy re-
sponder analysis relating day 90 mRS with baseline
NIHSS score: mRS 0 for NIHSS <7, mRS 0-1 for
NIHSS 8-14 and mRS 0-2 for NIHSS >14.

» Intraprocedural haemodynamic and ventilatory
conditions and complications defined as hypotension,
blood pressure variability, hypoxaemia and aspiration.

» Intervention-associated vessel and others complica-
tions defined as arterial dissection or perforation,
groin haematoma, embolisation in another arterial
territory.

» Stroke onset to door delay, door to groin puncture
delay, door to reperfusion delay, stroke onset to groin
puncture delay, GA/CS induction to groin puncture
delay, duration of the procedure, stroke onset to
reperfusion delay (see online supplementary file 1 for
definitions).

» Successful reperfusion defined by the modified Treat-
ment In Cerebral Ischaemia (mTICI) reperfusion
scale of 2b or 3 (with a grade of 2b or 3 indicating
reperfusion of >50% of the affected territory).”

» NIHSS by day 1 and day 7."

» Stroke unit and hospital length of stay.

» Perioperative complications by day 7 defined as
pneumonia, acute cardiogenic pulmonary oedema,
myocardial infarction, extra pulmonary infection,
venous thromboembolism, new event of AIS, epilepsy,
gastrointestinal bleeding or other symptomatic
bleeding.”

» Malignant stroke evolution by day 7.7

» Symptomatic intracranial haemorrhage by day 7
defined as brain haemorrhage on imaging associated
with an increase of at least four points in the NIHSS
score.”®

» Unexpected intensive care unit admission by day 7.

» Mortality by day 7 and day 90.

» Procedural feasibility score estimated by the radiol-
ogist and the anaesthesiologist and patient accepta-
bility score.”

Recruitment
Patients are expected to be included during a 2-year
period starting in august 2017.

2016-2017: Protocol, approvals from ethics committee
(CPP Sud-EstI) 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).

2017-2019: Inclusion of patients.

2019: cleaning and closure of the database, data
analyses, writing of the manuscript and submission for
publication.

Trial status

The current protocol is .4.0. Study started enrolment in
august 2017. To date (28" October 2018), 186 patients
have been randomised in the study.

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

Randomisation will be conducted over a dedicated pass-
word-protected, SSL-encrypted website (CSOnline, Clin-
sight) to allow concealed allocation. Each patient will
be given a unique patient number and randomisation
number. The allocation sequence will be generated with
the use of a minimisation algorithm stratified according
to centre, NIHSS score (<15o0r >15) and association of
intravenous thrombolysis or not. The participant alloca-
tion will be carried out by local investigators who will log

e



into the randomisation system using a personal ID and
will enter any relevant information.

Blinding

This is an open-label, unblinded trial for the patient
and the physician in charge, related to the nature of the
intervention (GA with endotracheal intubation or CS).
Assessor blinded evaluation of the primary outcome will
be performed since the assessor and statistician will be
masked to the subjects’ assignment group.

METHODS: DATA COLLECTION, MANAGEMENT AND ANALYSIS
Data collection and management

At each participating centre, data will be collected and
entered into the web-based electronic CRF (eCRF)
(CSOnline, Clinsight) by trial or clinical trained personal
(clinical research associate), blinded to the allocation
group, under the supervision of the trial site investigators.
From the eCREF, the trial database will be created. Paper
CRF will be used in case of technical problems with the
eCREF. Trained research coordinators will monitor data
collection. Data collected are presented in online supple-
mentary file 1.

Patient withdrawal

Evaluated procedure is tested during endovascular throm-
bectomy. Nevertheless, participant can withdraw consent
at any time without 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

According to literature analysis based on five interna-
tional randomised controlled trials about endovascular
thrombectomy in anterior circulation AIS, frequency of
events constitutive of the composite primary outcome was
expected at 50%."™ Then, we postulated that 124 patients
per group would provide 90% statistical power to detect
an absolute between-group difference equals 20% (50%
vs 30%) for a two-sided type I error at 5%. Assuming lost
to follow-up and modified intention-to-treat (mITT)
population requirements (as defined in online supple-
mentary file 2) between 5% and 10%, 270 patients have
to be recruited for the study.

Interim analysis

A safety interim analysis is planned after 50% of inclu-
sions. The independent data and safety monitoring board
(DSMB) could recommend stopping the study if prolon-
gation 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 analysis
A predefined statistical analysis plan will be followed
(online supplementary file 2). All analyses will be

conducted with Stata software (V.13, StataCorp) and
R (http://cran.r-project.org/) before the breaking
of randomisation code, in line with the International
Conference on Harmonization Good Clinical Practice
guidelines. A two-sided p value of less than 0.05 will be
considered for statistical significance. Primary analysis
will be done in mITT. Then, a per-protocol analysis will
also be done to take into account protocol deviations
notably crossover from CS to GA. Patients who withdraw
consent will not be included in these analyses.

Continuous variables will be presented as mean and SD
or as median and quartiles otherwise. Normality will be
assessed using the Shapiro-Wilk test and homoscedasticity
will be assessed using the Fisher-Snedecor test.

Concerning the comparison of the primary binary
composite outcome between CS and GA, a X* test or a
Fisher’s exact test will be performed as appropriate.
Binary outcomes are commonly analysed by applying a
logistic regression model to obtain ORs. Although this is
often appropriate, there may be situations in which it is
more desirable to estimate a relative risk (RR) instead of
OR.*?" Knol et al. ‘illustrate the difference between risk
ratios and OR using clinical examples, and describe the
magnitude of the problem in the literature.”® Interest-
ingly, the authors reviewed available methods to obtain
adjusted risk ratios and evaluated these methods by
means of simulations, and concluded that ‘The Mantel-
Haenszel risk ratio method, log-binomial regression,
Poisson regression with robust SEs and the doubling-of-
cases method with robust SEs gave correct risk ratios and
Cls.” Also, adjusted analysis will be conducted with the
use of robust (SEs) random-effects Poisson generalised
linear regression (package gllamm) will be used (1) to
take into account adjustment on possible confounding
covariates selected according to clinical relevance and
stratification variables (including stratification parame-
ters) and (2) to consider within and between centre vari-
ability (as random effect). A particular attention will be
paid to the covariates used in multivariable regressions,
especially quantitative covariates for which convergence
issues can be raised due to log-link in the binomial distri-
bution. As presented in statistical analysis plan, only ‘time
delays’ will be concerned. Sensitivity analysis considering
these covariates, dichotomising according to the statis-
tical distribution and to the clinical relevance, should be
proposed. The results will be presented as RRs and 95%
Cls. The Hochberg procedure will be used to adjust for
multiple testing of components of the composite primary
outcome.

Due to the lack of consensus concerning the categorisa-
tion of mRS as a stroke outcome measure, this parameter
will be treated by different ways according to literature
notably as an ordinal variable.'”** A shift analysis will also
be performed: Cochran-Mantel-Haenszel for the univar-
iate analysis and random-effects ordinal logistic regres-
sion adjusted on initial prognostic factors (baseline mRS,
age, initial NIHSS and carotid top occlusion) for multiple
regression.



Concerning the comparisons of secondary outcomes
between groups, Student’s t-test or non-parametric Mann-
Whitney test as appropriate will be used for quantitative
parameters such as intraoperative blood pressure, oxygen
saturation, timing delays or length of stays. X* test or Fish-
er’s exact test will be used for categorical parameters such
as NIHSS and ordinal and nominal (dichotomised) mRS,
intervention-associated and perioperative complications,
mTICI score, functional independence at day 90 and
mortality. Results will be reported as effect sizes and abso-
lute differences with 95% Cls. Then, multiple regression
will be conducted using random-effects models taking
into account between and within centre variability: linear
mixed models for quantitative endpoints and generalised
linear mixed regression for categorical endpoints. The
results will be expressed, respectively, as regression coeffi-
cients and RRs, with 95% Cls.

Time-to-event curves will be calculated with the use
of the Kaplan-Meier method in univariable analysis. For
multiple regression, marginal Cox proportional hazards
model (with centre as random effect) will be performed.
Proportional hazard assumption will be verified using
the Schoenfeld test and plotting residuals. Results will be
reported as HRs with 95% Cls.

Concerning the study of parameters collected longi-
tudinally (in particular NIHSS score at day 1 and day 7,
arterial pressure and arterial oxygen saturation), mixed
models will be used to take into account between and
within patient variability, in addition to centre random
effect. The following fixed effect will be analysed: rando-
misation group, time and their interaction (time x group).

According to clinical relevance and to European Medi-
cines Agency and CONSORT recommendations, post
hoc analyses will be proposed after the study of subgroup
xrandomisation group interaction in regression models
(for repeated data or not). Missing values will be noti-
fied and analysed. A sensitivity analysis will be performed
and the nature of missing data will be studied (missing
at random or not). If the frequency is >5%, additional
analyses will be performed using the multiple imputation
method.*

METHODS: MONITORING

Data monitoring

Before the start of the study, anaesthetic, neurological
and radiological medical and paramedical teams are
trained at each site for the study protocol by study coordi-
nators. Physicians are in charge of patient screening and
inclusion. Patients admitted for stroke treated by endo-
vascular mechanical thrombectomy and not included in
the study will be recorded anonymously at each centre
into a screening log. Data will be collected in a web-based
eCREF by trial personnel. Each centre will only have access
to site-specific data. Each patient will receive a unique
trial identification 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, Clermont-Ferrand
University Hospital).

Data will be handled according to the French law. All
originals 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 events 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. DSMB members are two independent
physicians in anaesthesia/critical care medicine and
neurology, and a biostatistician that have skills and exper-
tise in anaesthesia, 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.

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 from
the patient will be searched to continue the study.



DISCUSSION

We recently observed the ‘thrombectomy revolution’
in anterior circulation AIS.”> Emergency interventional
procedures in frail stroke patients often require skills
from anaesthesia providers since immobility is needed
and severe intraprocedural complications may occur (eg,
coma, agitation or aspiration pneumonia).

Taking into account the increasing volume of proce-
dures and the potential effect of the anaesthetic strategy
on outcome with discrepancy in literature, it appears
essential to provide a multicentre randomised controlled
trial to enhance external validity as suggested by recent
recommandations.'®

Concurrent ongoing trials with day 90 mRS as a primary
outcome are planning to recruit 635 patients to demon-
strate non-inferiority between CS and GA,*® 850 patients to
demonstrate superiority of CS versus GA (NCT02822144)
or 260 patients to demonstrate superiority of GA versus
CS (NCT03263117).

Some limitations could be opposed to the AMETIS
trial protocol. First, no specific anaesthetic protocol will
be used. We choose this strategy in a pragmatic way since
no data demonstrate that a drug is better than another
even if modulation of CBF could be variable. However,
the protocol requires strict objectives for systolic blood
pressure and ‘normal’ blood carbon dioxide tension in
GA group.”” * Drugs and dose will be monitored. Second,
no maximal time delay from stroke onset or maximal/
minimal NIHSS values are recommended in order to
adhere to a pragmatic investigator-based approach. This
strategy complies with recent trials and recommenda-
tions: patient selection for thrombectomy is made on
angioCT or MRI scans with eventual mismatch evalu-
ation especially when delay is >6hours and for wake-up
strokes."” *** Delays and imaging modality used for selec-
tion will be monitored. Notably, despite published trials
mentioned NIHSS limits as inclusion/exclusion criteria,
providing thrombectomy is indicated based on actual
recommendations, the optimal anaesthetic strategy
deserves evaluation whatever the NIHSS is. Stratification
on NIHSS score with a cut-off of 15 will provide homoge-
neous groups in term of initial severity. As recommended,
outcome measures will include adjustments for baseline
severity.'”” Third, despite thrombectomy might benefit
to patients with premorbid mRS>1, we excluded these
patients since evaluation is difficult in emergency condi-
tion and inclusion of dependent patients could strongly
affect the primary outcome. This strategy was adopted
by others.” *’ Fourth, we choose a composite principal
outcome measure since anaesthesia strategy could affect
functional independence at 3 months but also peri-inter-
ventional morbidity. The effect size that we could expect
on functional independence at 3 months is probably
far less than thrombectomy on its own. Based on actual
literature, SIESTA trial found dramatically decreased
functional independence associated with CS with only
18% of mRS 0-2 compared with 87% in GA." Eigh-
teen per cent of patients being independent is far less

than in thrombectomy trials where it barely represents
controlled groups (intravenous thrombolysis alone).'™
With these proportions, 240 patients would have been
necessary to demonstrate a statistical difference with a
beta power of 90%), but we could expect important centre
effect in SIESTA trial. On the contrary, ANSTROKE trial
did not find any difference between groups, with func-
tional independence in respectively 42% and 40% of
patients between GA and CS."” Based on these two trials,
functional independence could be obtained in roughly
40% of patients under GA. Providing a 20% variation in
positive or negative effect on functional independence,
more than 1000 patients would be required with a 80%
beta power. An anaesthesia size effect of more than 20%
appeared unrealistic.

Fifth, even if possible in selected patients, we will not
study local anaesthesia alone. Management solely under
local anaesthesia is difficult regarding comfort and immo-
bility particularly in sickest patients, in left hemisphere
strokes with aphasia and in tandem lesions (associated
cervical carotid artery occlusion). In the CS group, we
provide only clinical sedation objectives based on RASS
score between 0 and -3. There is no recommended drug
to achieve this goal and local anaesthesia is systematically
used under CS.

In conclusion, AMETIS trial is the first multicentre
randomised controlled study exploring the effect of CS
versus GA on functional outcome and periprocedural
complications in endovascular mechanical thrombec-
tomy for anterior circulation AIS. The results of this
study could have significant clinical and public health
implications.

Author affiliations

'Department of Perioperative Medicine, Centre Hospitalier Universitaire de
Clermont-Ferrand, Clermont-Ferrand, France

®Anesthésie et Neuro-Réanimation chirurgicale Babinski, Assistance Publique
Hopitaux de Paris (AP-HP), Groupe Hospitalier Pitié-Salpétriére, Paris, France
%Service d’Anesthésie Réanimation, Hospices Civils de Lyon, Hopital Neurologique
Pierre Wertheimer, Lyon, France

“Service d’Anesthésie Réanimation, Assistance Publique Hopitaux de Marseille (AP-
HM), Hopital La Timone, Marseille, France

SAnesthesiology and Critical Care Department, Centre Hospitalier Universitaire de
Toulouse, Hopital Pierre-Paul Riquet, Toulouse, France

8Service d’Anesthésie Réanimation, Pole Neurosciences Téte et Cou, CHU de
Montpellier, Montpellier, France

"Departement Anesthésie Réanimation, Centre Hospitalier Universitaire de Saint-
Etienne, Saint-Etienne, France

®Ple Anesthésie Réanimation, Centre Hospitalier Regional Universitaire de Lille,
Lille, France

%Service d’Anesthésie Réanimation, CHU de Poitiers, Poitiers, France
'9Département d’Anesthésie-Réanimation, Assistance Publique Hopitaux de Paris
(AP-HP), Hopital Saint-Antoine, Paris, France

"Department of Clinical Research and Innovation (DRCI), Centre Hospitalier
Universitaire de Clermont-Ferrand, Clermont-Ferrand, France

"2Department of Neuroradiology, Centre Hospitalier Universitaire de Clermont-
Ferrand, Clermont-Ferrand, France

3Department of Neurology, Centre Hospitalier Universitaire de Clermont-Ferrand,
Clermont-Ferrand, France

"Anesthesia and Critical Care, Montpellier University Hospital, Montpellier, France
Biostatistics Unit of the Department of Clinical Research and Innovation (DRCI),
University Hospital CHU Clermont-Ferrand, Clermont-Ferrand, France



"SUniversité Clermont Auvergne, GRED, CNRS, Inserm U1103, Clermont-Ferrand,
France

Collaborators AMETIS trial collaborators are listed under ANARLF Network and
AMETIS study group: Kevin Lagarde, Bernard Cosserant, Thibault Cammas, Julien
Pascal, Florian Grimaldi, Christine Rolhion, Dominique Morand, Erwan Laroche,
Camille Boissy, Romain Grobost, Antoine Brandely, Isabelle Langlade, Danielle
Saurel, Laurent Vallet, Nicolas Molinari, Nathalie Bourgois, Xavier Moisset, Pierre
Clavelou, Nicolas Vitello, Betty Jean, Abderrahim Zerroug, Ricardo Moreno,
Jean-Gabrillargues, Jean-Francois Payen, Mathieu Zuber, Romain Pasqualotto,
Frédéric Clarencon, Grégory Torkomian, Valentine Battisti, Lionel Bapteste, Anisoara
Gemanar, Catherine Mottolese, Roxane Silve, Olivier Lavabre, Elie Thomas, Violaine
Baranger, Helene Braud, Elisabeth Lenormand, David Bernstein, Marie Gilles-Baray,
Chrysanthi Papagiannaki, Nicolas Bruder, Camille Vaisse, Michele Bertrandy, Laure
Doukhan, Sophie Cataldi, Valentine Verdier, Didier Sanchez, Jean-Claude Dumont,
Thomas Geeraerts, Francois Delort, Fouad Marhar, Elsa Tardif, David Rousset,
Claire Larcher, Louis Delamarre, Charlotte Martin, Diane Osinski, Francois Gaussiat,
Olivier Fourcade, Jean-Francois Albucher, Jean-Marc Olivot, Lionel Calviere, Nicolas
Raposo, Alain Viguier, Christophe Cognard, Fabrice Bonneville, Anne-Christine
Januel, Philippe Tall, Caterina Michelozzi, Jean Darcourt, Elodie Parry, Sarah
Surmont, Laurie Parmentier, Elsa Jozefowicz, Apolline Kazemihru, Hilde Henon,
Aureli Lafanechere, Lois Henry, Clément Magand, Mohamed Aggour, Anaele Pregny,
Marlene Bonnefoi, Francesca Rapido, Océane Garnier, Kevin Chalard, Vincent
Costala, Jérome Ridolfo, Mokhtar Bouhaddjar, Bénédicte Delye, Anne-Francoise
Hocquet, Julien Fendeleur, Sandra Granson, Anne Lelong, Sonia Alamowitch, Souad
Fellous

Contributors RC, EF, SJ, LV, AF and VD are members of AMETIS trial scientific
committee and contributed to the conception and design of the research protocol.
RC, CF-C and EF provided critical skills concerning trial interventions and
procedures. CF-C and RC wrote the first version of the protocol. RC wrote this
manuscript. BP designed the statistical analysis plan. SMr, A-CL, P-FP, SMo, BT,
CD-F, FV, ECa, AM, MB, ECh and J-EB are involved in acquisition, analysis and
interpretation of the data. All authors revised the final protocol and approved his
submission.

Funding AMETIS trial was supported by funding from French Ministry of Health
(Programme Hospitalier de Recherche Clinique Inter Régional (PHRC IR) 2016) and
from the university hospital of Clermont-Ferrand.

Disclaimer The funder had no role in study design, study conduction, writing or
submitting the manuscript.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The AMETIS study is conducted in accordance with the
Declaration of Helsinki. The trial was approved by the ethics committee CPP
Sud-Est | on 22 May 2017 (approval number 2017-11) and ANSM on 6 March 2017
(approval number 2016-A02064-47).

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which

REFERENCES

1. Berkhemer OA, Fransen PSS, Beumer D, et al. A randomized trial
of intraarterial treatment for acute ischemic stroke. N Engl J Med
2015;372:11-20.

2. Goyal M, Demchuk AM, Menon BK, et al. Randomized assessment
of rapid endovascular treatment of ischemic stroke. N Engl J Med
2015;372:1019-30.

3. Campbell BCV, Mitchell PJ, Kleinig TJ, et al. Endovascular therapy
for ischemic stroke with perfusion-imaging selection. N Engl J Med
Overseas Ed 2015;372:1009-18.

4. Saver JL, Goyal M, Bonafe A, et al. Stent-retriever thrombectomy
after intravenous t-PA vs. t-PA alone in stroke. N Engl J Med
2015;372:2285-95.

5. Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy within 8
hours after symptom onset in ischemic stroke. N Engl J Med
2015;372:2296-306.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Bracard S, Ducrocq X, Mas JL, et al. Mechanical thrombectomy

after intravenous alteplase versus alteplase alone after stroke
(THRACE): a randomised controlled trial. The Lancet Neurology
2016;15:1138-47.

. Powers WJ, Derdeyn CP, Biller J, et al. 2015 American heart

Association/American stroke association focused update of the 2013
guidelines for the early management of patients with acute ischemic
stroke regarding endovascular treatment: a guideline for healthcare
professionals from the American heart Association/American stroke
association. Stroke 2015;46:3020-35.

. Davis MJ, Menon BK, Baghirzada LB, et al. Anesthetic management

and outcome in patients during endovascular therapy for acute
stroke. Anesthesiology 2012;116:396-405.

. Wijayatilake DS, Ratnayake G, Ragavan D. Anaesthesia for

neuroradiology: thrombectomy: 'one small step for man, one

giant leap for anaesthesia'. Current opinion in anaesthesiology
2016;29:568-75.

Dinsmore J. Hermes: a helpful messenger in the anaesthesia for
thrombectomy debate? The Lancet Neurology 2018;17:21-3.
Schénenberger S, Uhlmann L, Hacke W, et al. Effect of conscious
sedation vs general anesthesia on early neurological improvement
among patients with ischemic stroke undergoing endovascular
thrombectomy. JAMA 2016;316:1986-96.

Lowhagen Henden P, Rentzos A, Karlsson JE, et al. General
anesthesia versus conscious sedation for endovascular treatment of
acute ischemic stroke: the AnStroke trial (anesthesia during stroke).
Stroke 2017;48:1601-7.

Simonsen CZ, Yoo AJ, Serensen LH, et al. Effect of general
anesthesia and conscious sedation during endovascular therapy on
infarct growth and clinical outcomes in acute ischemic stroke. JAMA
Neurol 2018;75:470.

Wang A, Abramowicz AE. Role of anesthesia in endovascular stroke
therapy. Curr Opin Anaesthesiol 2017;30:563-9.

Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early
management of patients with acute ischemic stroke: a guideline

for healthcare professionals from the American heart Association/
American stroke association. Stroke 2018;2018.

Schulz KF, Altman DG, Moher D, et al. Statement: updated guidelines
for reporting parallel group randomised trials. Bmj 2010;2010.

Chan A-W, Tetzlaff JM, Gotzsche PC, et al. Spirit 2013 explanation
and elaboration: guidance for protocols of clinical trials. BMJ
2013;346:€7586.

Brott T, Adams HP, Olinger CP, et al. Measurements of acute cerebral
infarction: a clinical examination scale. Stroke 1989;20:864-70. Jr7.
van Swieten JC, Koudstaal PJ, Visser MC, et al. Interobserver
agreement for the assessment of handicap in stroke patients. Stroke
1988;19:604-7.

American Society of Anesthesiologists Task force on S, analgesia

by N-A. practice guidelines for sedation and analgesia by non-
anesthesiologists. Anesthesiology 2002;96:1004-17.

Sessler CN, Gosnell MS, Grap MJ, et al. The Richmond Agitation-
Sedation scale: validity and reliability in adult intensive care unit
patients. American journal of respiratory and critical care medicine
2002;166:1338-44.

Chanques G, Jaber S, Barbotte E, et al. Validation of the french
translated Richmond vigilance-agitation scale]. Annales francaises
d'anesthesie et de reanimation 2006;25:696-701.

Lees KR, Bath PM, Schellinger PD, et al. Contemporary outcome
measures in acute stroke research: choice of primary outcome
measure. Stroke 2012;43:1163-70.

Bath PMW, Lees KR, Schellinger PD, et al. Statistical analysis of the
primary outcome in acute stroke trials. Stroke 2012;43:1171-8.
Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations on
angiographic revascularization grading standards for acute ischemic
stroke. Stroke 2013;44:2650-63.

Jammer |, Wickboldt N, Sander M, et al. Standards for definitions
and use of outcome measures for clinical effectiveness research in
perioperative medicine: European perioperative clinical outcome
(EPCO) definitions: a statement from the ESA-ESICM joint

Taskforce on perioperative outcome measures. European journal of
anaesthesiology 2015;32:88-105.

Torbey MT, Bosel J, Rhoney DH, et al. Evidence-based guidelines
for the management of large hemispheric infarction : a statement for
health care professionals from the Neurocritical Care Society and the
German Society for Neuro-intensive Care and Emergency Medicine.
Neurocritical care 2015;22:146-64.

Trouillas P, von Kummer Rudiger, von Kummer R. Classification and
pathogenesis of cerebral hemorrhages after thrombolysis in ischemic
stroke. Stroke 2006;37:556-61.

Likert R. A technique for the measurement of attitudes. Archives of
psychology 1932;22:5-52.



30.

31.

32.

33.

34.

35.

McNutt L-A, Wu C, Xue X. Estimating the relative risk in cohort
studies and clinical trials of common outcomes. Am J Epidemiol
2003;157:940-3.

Greenland S. Model-Based estimation of relative risks and other
epidemiologic measures in studies of common outcomes and in
case-control studies. Am J Epidemiol 2004;160:301-5.

Knol MJ, Le Cessie S, Algra A, et al. Overestimation of risk ratios

by odds ratios in trials and cohort studies: alternatives to logistic
regression. Can Med Assoc J 2012;184:895-9.

Nunn A, Bath PM, Gray LJ. Analysis of the modified Rankin scale in
randomised controlled trials of acute ischaemic stroke: a systematic
review. Stroke Res Treat 2016;2016:1-7.

Royston P. Multiple imputation of missing values. Stata J
2004;4:227-41.

Furlan AJ. Endovascular therapy for stroke--it's about time. N Engl J
Med 2015;372:2347-9.

36.

37.

38.

39.

40.

Peng Y, Li Y, Jian M, et al. Choice of anesthesia for endovascular
treatment of acute ischemic stroke: protocol for a randomized
controlled (canvas) trial. Int J Stroke 2017;12:991-7.

Rivera-Lara L, Zorrilla-Vaca A, Geocadin RG, et al. Cerebral
Autoregulation-oriented therapy at the bedside: a comprehensive
review. Anesthesiology 2017;126:1187-99.

Nordstrom C-H, Koskinen L-O, Olivecrona M. Aspects on the
physiological and biochemical foundations of neurocritical care.
Front Neurol 2017;8:274.

Albers GW, Marks MP, Kemp S, et al. Thrombectomy for stroke at
6 to 16 hours with selection by perfusion imaging. N Engl J Med
2018;378:708-18.

Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombectomy 6 to
24 hours after stroke with a mismatch between deficit and infarct. N
Engl J Med 2018;378:11-21.



	2019 Chabanne et alV2-1
	2019 Chabanne et alV2-2
	2019 Chabanne et alV2-3
	2019 Chabanne et alV2-4
	2019 Chabanne et alV2-5
	2019 Chabanne et alV2-6
	2019 Chabanne et alV2-7
	2019 Chabanne et alV2-8
	2019 Chabanne et alV2-9

