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Abstract

Background: Hypotension and blood pressure (BP) variability during endovascular therapy (EVT) for acute ischemic
stroke (AIS) due to an anterior large vessel occlusion (LVO) is associated with worse outcomes. However, the optimal
BP threshold during EVT is still unknown given the lack of randomized controlled evidence. We designed the DETER-
MINE trial to assess whether an individualized BP management during EVT could achieve better functional outcomes
compared to a standard BP management.

Methods: The DETERMINE trial is a multicenter, prospective, randomized, controlled, open-label, blinded endpoint
clinical trial (PROBE design). AlS patients with a proximal anterior LVO are randomly assigned, in a 1:1 ratio, to an
experimental arm in which mean arterial pressure (MAP) is maintained within 10% of the first MAP measured before
EVT, or a control arm in which systolic BP (SBP) is maintained within 140-180 mm Hg until reperfusion is achieved

or artery closure in case of EVT failure. The primary outcome is the rate of favorable functional outcomes, defined

by a modified Rankin Scale (mRS) between 0 and 2 at 90 days. Secondary outcomes include excellent outcome and
ordinal analysis of the mRS at 90 days, early neurological improvement at 24 h (National Institutes of Health Stroke
Scale), final infarct volume, symptomatic intracranial hemorrhage rates, and all-cause mortality at 90 days. Overall, 432
patients will be included.

Discussion: DETERMINE will assess the clinical relevance of an individualized BP management before reperfusion
compared to the one size fits all approach currently recommended by international guidelines.

Trial registration: ClinicalTrials.gov, NCT04352296. Registered on 20th April 2020.
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Background

Endovascular therapy (EVT) is now the reference treat-
ment of acute ischemic stroke (AIS) due to an anterior
large vessel occlusion (LVO) [1, 2]. Despite reperfusion
rates commonly exceeding 90% at the end of procedure
[3], clinical outcomes at 90 days remain unsatisfactory
with half of reperfused patients experiencing unfavora-
ble outcomes [4]. Among factors likely responsible for
this result, recent studies have shed light on the pivotal
role of blood pressure (BP) variability and hypotension
during EVT [5-14]. Several studies have shown that
hypotension and BP variability during EVT were asso-
ciated with worse functional outcome at 90 days [5-7,
10, 12], as well as larger infarct volume [6]. Hypoten-
sion during EVT is frequent, mainly explained by anes-
thetics drugs given to perform EVT under conscious
sedation (CS) or general anesthesia (GA) [6]. In this
context, a recent analysis of individual patient data from
3 randomized controlled trials (RCT), initially designed
to evaluate the best sedation modality for EVT, con-
cluded that mean arterial pressure (MAP) could be a
modifiable therapeutic target to prevent or reduce poor
functional outcomes and should be maintained within
narrow limits [7]. In line with this work, a recent study
highlighted the deleterious impact of hypotension dur-
ing EVT, with a linear association between hypotension
and functional outcomes at 90 days [14]. In this study,
the odds ratio for poor functional outcome of only 10
min under 90% of the baseline mean arterial pressure
(i.e., the first MAP measured in the angio suit, before
EVT) was 1.11 (1.02-1.21) [14]. Interestingly, the asso-
ciation between the depth of hypotension and worse
functional outcomes was similar for either CS and GA,
highlighting the deleterious effect of the hemodynamic
management during EVT [14]. The efficacy of an indi-
vidualized BP management has already been proven for
general surgery, using diluted norepinephrine in order
to stabilize BP within narrow limits [15]. Applied to
EVT, this individualized management seems attractive
as the BP target to reach before reperfusion could dif-
fer among patients, a hypothesis that has to be studied
in dedicated RCT [5, 8, 9, 16]. Current guidelines for
BP management during EVT only suggest maintain-
ing BP below 180/105 mm Hg during the procedure,
without addressing the potential deleterious effect of
hypotension, nor BP variability [1, 2, 17]. On the other
hand, the Society for Neuroscience in Anesthesiol-
ogy and Critical Care (SNACC) addressed the issue of

hypotension during EVT and recommended that sys-
tolic BP (SBP) should be maintained >140 mm Hg (class
IIa, level of evidence B) [18]. These guidelines were pri-
marily derived from data evaluating the impact of BP
in patients treated only with intravenous thrombolysis
(with and without LVO), given the lack of RCT in the
EVT era.

With this as a background, the DETERMINE trial aims
to assess the efficacy on favorable functional outcomes
at 90 days of an individualized BP management during
EVT, by maintaining MAP within 10% of the first MAP
measured before EVT, compared to a standard BP man-
agement during EVT (SBP within 140-180 mm Hg, DBP
< 105 mm Hg).

Methods/design

Design

DETERMINE is an academic, multicenter, prospective,
randomized, open-label, with blinded endpoint assess-
ment clinical trial (PROBE) (Fig. 1). This trial, funded by
the French Health Ministry, sponsored by the Hopital
Fondation A. de Rothschild, is currently conducted in 9
comprehensive stroke centers in France. The first patient
was included in March 2021.

Inclusion and exclusion criteria
Inclusion criteria

1. Adult patients (>18 years)

2. AIS due to an anterior LVO: first and second seg-
ments of the middle cerebral artery, first segment
of the anterior cerebral artery, intracranial internal
carotid artery, tandem occlusions (association of an
extracranial occlusion of the cervical internal carotid
artery with a proximal anterior LVO)

3. Indication of EVT under CS or GA, within the first 6
h after symptoms onset according to current guide-
lines [1, 2], or within 24 h according to neuroradio-
logical criteria previously published [1, 2]

Fig. 1 DETERMINE
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4. Affiliation to a social security scheme

Exclusion criteria

1. Contraindication or no indication for EVT

2. Intubation or GA induction before randomization

3. Intra-hospital AIS due to an anterior LVO or due to
a medical or surgical procedure (interventional car-
diology, cardiac or vascular surgery) or any post-sur-
gery AIS

4. AIS due to a posterior LVO (vertebral artery, basilar
artery or posterior cerebral artery occlusions)

5. Significant pre-stroke functional disability (modified
Rankin Scale >2 at randomization)

6. Contraindication to iodinated contrast products

Patients benefiting from legal protection measures

8. Pregnant or breastfeeding woman

N

Secondary exclusion criteria

Failure to measure and define the reference MAP within
a timeframe compatible with the timely emergency man-
agement of the patient: difference >10 mmHg between
the first 2 MAP measured non-invasively at 1 min inter-
val, and a third MAP >10 mm Hg of the mean of the first
2 MAP (see below).

Randomization

Randomization is performed during the installation of
the patient in the angio suit (which takes approximately
10 min). To ensure a centralized and real-time proce-
dure, online randomization is performed via an eCRF
using Clinfile software (https://determine.clinfile.com).
The server allocates the treatment group on the basis
of a minimization process to balance in a 1:1 ratio the 2
groups, stratified by age (< 70 versus >70 years), sedation
modality (GA versus CS), baseline NIHSS (< 17 versus
>17), intravenous thrombolysis (yes versus no), and the
center in which the patient is included.

Intervention

Patient installation, definition of the reference MAP, and BP
monitoring

A BP monitor cuff is placed on the arm, contralateral
to the diluted norepinephrine infusion, adapted to the
patient’s morphology. The reference MAP is defined by
the mean of the first 2 MAP measured at 1-min inter-
vals, if these values do not differ by 10 mmHg. If these
first 2 MAP differ by more than 10 mmHg, a third MAP
is measured after resolving a potential technical issue. If
the third MAP differs by less than 10 mmHg of the first
mean, the reference MAP is the mean of the 3 values.
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Exceptionally, the third measure exceeds 10 mmHg of the
first mean, and randomization is not performed to pre-
vent any delay for EVT. The reference MAP is automati-
cally generated by the randomization website to prevent
any calculation error and avoid any delay in the start of
EVT.

Due to the absence of validated or recommended pro-
tocol for BP measurement during EVT, BP is measured
non-invasively, every 2.5 min, as this is the current stand-
ard practice in France. If an arterial line is placed before
EVT, values are collected for exploratory purposes, but
only non-invasive measures are used for BP management.

Experimental arm

The objective is to maintain MAP within 10% of the
reference MAP during EVT. This BP target is achieved
using intravenous diluted norepinephrine (5 or 10 pg/
ml) to prevent and treat hypotension (< 10% of the ref-
erence MAP) and intravenous nicardipine or urapidil for
hypertension (> 10% of the reference MAP). Norepineph-
rine is prepared in a dedicated syringe, administered on
a dedicated peripheral venous line or on a 3-way venous
extender and started systematically before any GA induc-
tion (0.04 pg/kg/min) or CS initiation (0.02 pg/kg/min)
to avoid hypotension. Norepinephrine administration
is continuous, without boluses, adapted to the patient’s
weight (Additional file 2). The hemodynamic protocol is
presented in Fig. 2.

In case of hypertension (MAP > 110% of the reference
MAP), a decrease of norepinephrine doses is achieved
(Fig. 2 and Additional file 2). In case of the persistence
of hypertension and discontinuation of norepinephrine,
hypertension is treated by currently validated drugs:
nicardipine, urapidil.

Control arm

Blood pressure management is based on current guide-
lines, primarily oriented towards the treatment of hyper-
tension (SBP > 180 mmHg and DBP > 105 mmHg) [17].
Hypertension is treated with validated drugs (intra-
venous nicardipine or urapidil). As recommended by
the SNACC, hypotension is only treated for SBP < 140
mmHg [18]. Due to the absence of validated or recom-
mended protocol to treat hypotension in this context,
diluted norepinephrine, as well as ephedrine (3mg/ml)
or phenylephrine (50pg/ml) can be used. No pharmaco-
logical intervention is undertaken if BP is within these
targets.

Intervention is complete at the time of reperfusion in
case of successful EVT (i.e., modified Treatment in Cer-
ebral Ischemia -mTICI- between 2b and 3) or the place-
ment of the femoral artery closure device in case of EVT
failure (i.e., mTICI < 2b). As most of patients after EVT
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N
14
- In case of CS: 0.02 pg/kg/min

- In case of GA: 0.04 pg/kg/min

If MAP<90% of MAP, ¢
=> A norepinephrine 0.01 pug/kg/min

NO intravenous norepinephrine boluses ‘

CS: conscious sedation

GA: general anesthesia

MAP: mean arterial pressure

MAP s reference mean arterial pressure

Fig. 2 Hemodynamic protocol

Norepinephrine start at the beginning of endovascular therapy (before CS or GA):

If MAP>110% of MAP,;
=>» N norepinephrine 0.01 pg/kg/min

If MAP>110% of MAP,; without norepinephrine
- Start IV antihypertensive treatments
(nicardipine ou urapidil )

are subsequently referred to stroke units, where diluted
norepinephrine infusion cannot be used, discontinuation
of this treatment is performed in the angio suit at the end
of intervention.

Procedure care and follow-up

EVT are performed by senior neuroradiologists in dedi-
cated bi-plan angiography suits, using last-generation
devices (aspiration, stent retrievers). Sedation, as well as
BP management, is performed by senior anesthesiolo-
gists. Sedation modality is discussed collegially between
the interventional neuroradiologist, anesthesiologist,
and the neurologist in charge at the beginning and dur-
ing EVT (see Additional file 3 for the sedation protocol).
All treatments in the acute phase (antithrombotic drugs,
technical intervention strategies used for EVT) and the
management of post-AIS complications (neurological,
respiratory) are in accordance with current guidelines
[1]. At 24h, patients will undergo a NIHSS assessment
by a certified neurologist, unaware of the randomization
group. A non-contrast brain computed tomography or
a brain magnetic resonance imaging (MRI) will also be
performed at 24h. Functional outcomes are assessed at
90 days, as explained below. An overview of the DETER-
MINE trial is provided in Fig. 3 and Fig. 4.

Outcomes

Primary endpoint

Favorable functional outcome, defined by a modi-
fied Rankin Scale (mRS) between 0 and 2 at 90 days (£
15 days), assessed by certified neurologists or research
nurses, blinded to the intervention.

Secondary endpoints

1. Distribution of the mRS at 90 days (shift analysis)

2. Excellent functional outcome, defined by a mRS
between 0 and 1 at 90 days

3. Early neurological improvement, defined by a reduc-
tion of 8 points or more on the NIHSS or NIHSS 0-1
24 h after EVT

4. Successful reperfusion, defined as a modified Treat-
ment In Cerebral Infarctions 2b-3

5. Final infarct volume 24 h after EVT on control cer-
ebral imaging

6. Frequency and length of hospital stays

a. Duration of initial hospital stay (days)

b. Number of re-hospitalizations within 90 days

c. Cumulative length of hospitalization during the
90 days follow-up

7. Description of per procedural BP in each group:

a. Percentage of patients with at least one per-pro-
cedural hypotension, total number of per-proce-
dural hypotension, mean duration of hypotension
(MAP < 90% of the reference MAP for the experi-
mental group, SBP < 140 mmHg for the control
group)

b. Percentage of patients with at least one per-pro-
cedural hypertension, total number of per-proce-
dural hypertension, mean duration of hyperten-
sion (MAP > 110% of the reference MAP for the
experimental group, SBP > 180 and DBP > 105
mmHg for the control group)
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Overview of study flow

Acute ischemic stroke due to an anterior large vessel occlusion* with
indication of EVT under CS or GA

l MAP, s measurement

—

Impossibility to get a MAP, after 3 measurements

Randomization (1:1)

stratified by minimisation on age (<70 versus 270 years), sedation modality
(GA versus CS), baseline NIHSS (<17 versus 217), intravenous thrombolysis
(yes versus no) and center

Experimental arm : mean arterial pressure (MAP) is maintained
within 10% of MAP s during EVT

Control arm : systolic BP (SBP) is maintained within 140-180 mm Hg

during EVT

During EVT : Pressures (SBP, DBP, MAP) and heart rate monitoring every 2.5min
mTICl evaluation on arteriography* at the end of EVT procedure

assessment

24h evaluation : NIHSS and imaging *for final infarct volume and intracranial hemorrage

3 hs telephonic

: vital status and disability assessment (mRS)

*Corelab assessment

Fig. 3 Overview of the DETERMINE trial

c. Percentage of patients with at least one per-pro-
cedural bradycardia, total number of per-proce-
dural bradycardia, mean duration of bradycardia
(< 40/min)

d. BP variability, defined by the coefficient of varia-
tion

e. In the experimental group, time spent within
the experimental target (& 10% of the reference
MAP) during EVT (in minutes and in % of the
total EVT duration)

Safety endpoints

1. Symptomatic intracranial hemorrhage according to
the ECASS III definition [19]

2. Symptomatic intracranial hemorrhage 24 h after MT
according to the SITSMOST definition [20]

3. All-cause mortality at 90 days

Core-lab analysis

Baseline and control cerebral imaging, as well as angio-
grams, are deidentified so that all neuroimaging second-
ary endpoints are assessed by a central core-lab, also
blinded to the intervention.

Informed consent

After verification of the inclusion and exclusion crite-
ria, the interventional neuroradiologist and neurologist
explain the objectives and the course of the study to the
patient using an information form and seek for his/her
consent. However, given the patient’s clinical condition
(high probability that he/she is unable to give consent)
and the urgency of his/her care, the consent of a fam-
ily member or trusted person present is sought, without
delaying the patient’s care. As an exception, if the patient
is unable to express consent and no relative is present,
the physician may include the patient according to the
procedure for inclusion in an immediate life-threatening
emergency. As soon as possible and when the patient has
regained a sufficient state of consciousness, his or her
consent to the continuation of the research and to the
processing of the information collected is sought. If the
patient has not regained a sufficient state of conscious-
ness, the consent of a close relative (family member or
trusted person) to continue the research is sought as
soon as possible.

Data safety monitoring board (DSMB)

The DSMB is composed of one neurologist, one anes-
thesiologist, and one methodologist, not participating in
the study and not affiliated with the sponsor. The DSMB
will review on a regular basis the efficacy and safety data,
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Deferred consent
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Allocation

INTERVENTIONS:

Individualized BP
management

Standard BP
management

ASSESSMENTS:

Baseline medical X
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Clinical
examination, X
including NIHSS

Baseline X
neuroimaging

EVT

EVT details
(anesthesia,
hemodynamic)

Clinical
examination,
including NIHSS

Follow-up
neuroimaging

Assessment of
mRS

Fig. 4 Overview of the DETERMINE trial

to make recommendations to the principal investigator
and the steering committee to stop the trial based on the
occurrence of adverse events and serious adverse events.
The DSMB charter can be communicated upon request
to the sponsor.

Adverse and serious adverse events
All adverse events and serious adverse events (SAE)
are systematically reported in the eCRF (specific

notification form) by the investigators. For each
adverse event, the investigator evaluates its intensity,
its severity, and the causal link with the intervention or
with other possible treatments.

In addition to SAEs, the investigator promptly noti-
fies the following events that have been identified as
requiring monitoring throughout the research:
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— Severe hemodynamic variation during EVT: Inci-
dence of severe hypotension (SBP < 90 mmHg or
MAP < 55 mmHg for more than 10 min for both
groups)

— Incidence of severe hypertension (SBP > 200 mmHg
or DBP > 120 mmHg for more than 10 min for the
control group or MAP increase of more than 40%
for more than 10 min for the experimental group)

— Incidence of severe bradycardia (any extreme brad-
ycardia requiring emergency treatment with atro-
pine or adrenaline)

— Symptomatic hemorrhagic transformation within
the first 24 h: appearance of extravascular and
intracranial blood on follow-up brain imaging per-
formed between 24 and 36 h after EVT, associated
with clinical deterioration defined by an increase of
4 or more points in the NIHSS score or resulting in
death of the patient, for which the primary cause is
attributable to hemorrhage (ECASS III definition)

— Parenchymal hematoma within the first 24 h, type
PH2

— Symptomatic cerebral edema during hospitalization
requiring hemicraniectomy

For each SAE, the vigilance officer assesses the seri-
ousness and the link with the intervention and, if nec-
essary, judges whether it is expected or unexpected.
The vigilance officer declares to the authorities (Agence
Nationale de Sécurité du Médicament et des produits
de santé) any suspected or unexpected serious adverse
reaction.

Data management

Data are recorded in an electronic case report form
(e-CRF), developed using Clinfile®. All data are entered
in the e-CRF by the study research team at each center.
Every reasonable effort should be made to complete data
entry as soon as possible (maximum within 2 weeks)
from data collection. The principal investigator/designee
is responsible for the accuracy and completeness of
recorded data. The e-CRF was created, tested, and vali-
dated before the start of data entry. The data necessary
for monitoring the primary and secondary endpoints
are identified and managed at regular intervals through-
out the trial. Data are monitored using predefined data
management rules and queries are automatically edited.
Finally, an overall automated monitoring is performed by
the data manager at the end of the data entry. In case of
discrepancies, queries are edited to resolve the problems
encountered. After validation, the database will be fro-
zen and exported to the statistical software package for
analysis.

Page 7 of 10

Ethical considerations

The study has obtained research ethics approval from the
Comité de Protection des Personnes Ouest V on Septem-
ber 29, 2020, and by the Agence Nationale de Sécurité
du Médicament et des produits de santé (ANSM) on July
30, 2020. Any modifications to the protocol which may
impact on the conduct of the study, potential benefit of
the patient or may affect patient safety, including changes
of study objectives, study design, patient population,
sample sizes, study procedures, or significant administra-
tive aspects, require a formal amendment to the protocol.
Such amendments are approved by the Comité de Pro-
tection des Personnes (CPP) prior to implementation and
notified to all investigators by email with all the updated
study documents.

Organization

— The steering committee consists of principal investi-
gators of the participating centers (anesthesiologists,
neurologists and interventional neuroradiologists)
and two methodologists initially implicated in the
study design. The steering committee met before the
first enrollment, to discuss the study design and the
practical implementation at each center and meets
annually to discuss study progress and amendments.

— The scientific committee consists of the principal
investigator of the study, one neurologist and one
anesthesiologist, directly implicated in the study
design and the application for the academic funding
of the study.

— The executive committee consists of the principal
investigator of the study and two local principal
investigators at each center (one anesthesiologist
and one neurologist or interventional neuroradiolo-
gist). They provide frequent feedbacks on difficulties
regarding the implementation of the trial, completion
of the eCREF, or any relevant issue that needs to be
discussed with the steering committee.

The investigators and collaborators of the DETER-
MINE trial is given in Additional file 1.

Sample size

Expected rate of poor functional outcomes at 90 days in
the control arm is 54% [10]. Based on recently published
observational data [5], we estimated the relative risk of
intervention to be around 0.7. Using a more conservative
value, an alpha risk of 5%, and an interim efficacy analysis
after 50% of inclusions based on an O’Brien and Fleming
risk expenditure procedure, inclusion of 432 randomized
patients would demonstrate a hazard ratio of 0.75 with
80% power.
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Statistical analysis

Principal analysis will be conducted on the intention-
to-treat (ITT) population. All randomized patients will
be analyzed according to their randomization arm. Any
missing data on the primary endpoint will be imputed
using a multiple imputation procedure.

The primary endpoint is favorable functional outcomes
at 90 days, defined as a modified Rankin score (mRS)
between 0 and 2. The rate of patients with a favorable
functional outcome at 90 days will be compared between
the 2 groups using a mixed-effect logistic regression
model, adjusted for the variables considered in the ran-
domization, namely age (< 70 vs. > 70 years), type of
anesthesia (general vs. conscious sedation) NIHSS score
at inclusion (< 17 vs. > 17), and IV thrombolysis (yes vs.
no) as fixed effects, and center as a random effect. The
adjusted odds ratio (OR) will be calculated from this
model. The secondary endpoints corresponding to binary
variables (criterion 2, 3, 4, 5, 6, 8) will also be analyzed
using a mixed-effects logistic regression model, adjusted
for the variables considered in the randomization. The
ordinal analysis of the modified Rankin score at 90 days
(criterion 1) will be performed using a mixed ordinal
logistic regression model, adjusted on the variables con-
sidered in the randomization. The analysis of the num-
ber of re-hospitalizations within 90 days (criterion 9b)
will be performed using a mixed effects Poisson regres-
sion (quasi fish or negative binomial), adjusted on the
variables considered in the randomization. Secondary
endpoints corresponding to quantitative variables (crite-
rion 7, 9a, 9¢) will be analyzed using mixed-effects linear
models, adjusted for the variables considered in the rand-
omization. In case of skewed distribution of these param-
eters, lognormal or gamma regression may be used.
Hemodynamic variations (criterion 10) during EVT and
the fraction of operating time spent in the target (£ 10%
of the first MAP measured in the experimental group
(criterion 11) will be described as numbers and percent-
ages for qualitative variables, mean, standard deviation,
median and range for quantitative variables.

An interim efficacy analysis will be performed after
50% of inclusions. The alpha risk thresholds to be used
in the interim and final analysis are 0.003 and 0.049,
respectively. The DSMB, the sponsor, and the principal
investigator will have access to the results of the interim
analysis.

Efficacy as defined for the primary outcome will be
analyzed by the following subgroups: age (< 70 years, >
70 years), time to management ( <180 min, 180—-360 min,
> 360 min), history of hypertension (yes vs no); NIHSS
at inclusion (< 17 vs >17), sex (female vs male), type of
sedation (conscious sedation vs general anesthesia), IV
thrombolysis (yes vs no), occlusion site ( M1-M2 , ICA
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termination , tandem), inclusion systolic blood pres-
sure (first measurement in the operating room < 140,
140-179, > 180 mmHg), inclusion mean blood pressure
(first measurement in the operating room < 90, 90-110, >
110 mmHg), and center. A statistical analysis plan of the
DETERMINE trial is provided in the Additional file 4.

Discussion

To date, only one RCT assessed the efficacy and safety of
BP control after successful EVT (BP TARGET) (i.e., after
reperfusion) [21] and randomized controlled evidence
regarding BP control during EVT (i.e., before reperfu-
sion) are still lacking, despite several recent observational
data highlighting the deleterious effect of hypotension
during EVT [5-8, 10, 14].

Recent observational studies have shown the potential
value of an individualized BP management before rep-
erfusion, as the impact of hypotension during EVT dif-
fered according to the collateral status or the anatomy of
the Circle of Willis (presence or absence of a posterior
communicating artery). Nevertheless, recent European
guidelines recommend a one size fits all approach with a
unique BP target during EVT (< 180/105 mm Hg), mainly
explained by the absence of RCT in the EVT era.

In contrast to the INPRESS trial for general surgery,
in which SBP was used as the primary hemodynamic
parameter, the DETERMINE trial uses MAP [15]. This
choice was based on several factors. First, numerous
studies have shown the association between hypotension
defined by different MAP thresholds with worse func-
tional outcomes at 90 days [5, 7, 8, 13, 14, 22]. Second,
we previously applied the INPRESS criteria to EVT, using
MAP to describe BP drops and hypotension time dur-
ing EVT and found strong associations between lower
MAP value and functional outcomes [14]. Finally, MAP
is a neurologically relevant hemodynamic parameter due
to its association with cerebral perfusion pressure and
intracranial pressure [5, 7, 11].

Other trials

The INDIVIDUATE (Individualized BP manage-
ment during Endovascular Stroke Treatment) trial
(NCT04578288) is also evaluating the efficacy of an indi-
vidualized BP strategy before reperfusion of AIS due to
an anterior LVO [23]. INDIVIDUATE is a single-center,
parallel-group, open-label, randomized controlled trial
with blinded endpoint evaluation and is planning to
include 250 patients. The experimental arm is defined by
the maintenance of baseline SBP within 10 mm Hg dur-
ing EVT. As DETERMINE, the control arm of INDIVID-
UATE is the maintenance of SBP between 140 and 180
mm Hg. The primary outcome is the functional outcome
at 90 days using the mRS (0-2 versus 3-6). Interestingly,
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these trials share the same objective of proving the value
of an individualized BP management during EVT.

The IDEAL (BP Management during EVT for AIS)
trial (NCT04749251) is a pilot randomized clinical trial,
which will evaluate the feasibility of an individualized BP
management (maintenance of MAP within 10% of the
first MAP measured) compared to the standard of care
(MAP within 70-90 mm Hg). The IDEAL trial is also a
single-center RCT and will include 60 patients treated
with EVT for an anterior LVO under GA.

The MASTERSTROKE trial (Protocol for the Man-
agement of SBP during thrombectomy by endovascular
route for AIS randomized clinical trial) is a multicentric
RCT and will assess the efficacy of induced hypertension
in AIS patients treated by EVT under GA for an ante-
rior LVO [24]. MASTERTROKE has therefore a different
design, as the DETERMINE and INDIVIDUATE trial do
not aim to evaluate the efficacy of induced hypertension
but evaluate the efficacy of an individualized BP man-
agement defined by patient-specific BP targets before
reperfusion.

In line with most RCTs regarding BP control in the
setting of AIS, it is likely that a major limitation of the
DETERMINE trial will be the efficacy of BP control,
especially for the experimental group given the narrow
BP limits defined by our protocol (i.e., 10% within the
first MAP measured before EVT). However, the partici-
pating centers belong to the Endovascular Treatment in
Ischemic Stroke (ETIS, NCT03776877) registry and are
used to manage EVT-treated patients with dedicated
anesthesiologic teams, well aware of the relevance of
hemodynamic control during EVT. Finally, thanks to
wide and pragmatic inclusion criteria (basically, almost
every EVT for proximal anterior LVO), DETERMINE
will give new insights into the effect of hemodynamic
control before reperfusion.

Conclusions

No previous head-to-head randomized trials have
directly compared the value of an individualized BP man-
agement during EVT. The DETERMINE trial is a multi-
center, randomized, open-label, with blinded endpoint
assessment clinical trial which aims to assess whether
maintaining MAP within narrow limits during EVT
(£10% of baseline MAP, individualized management)
can improve functional outcomes at 90 days compared to
a standard BP management.

Trial status

Currently, 8 centers have been opened and 1 additional
center is in the process of opening. The first patient was
randomized on March 10th 2021. The 190th patient
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was randomized on January 18, 2022. This article is
based on the version 3.1 of the protocol (14/10/2021).
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