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RESUME

Introduction : La transformation hémorragique aprés thrombectomie mécanique
des AVC ischémiques est une complication majeure menacgant la survie et le
pronostic fonctionnel des patients. L'objectif de I'étude était d’évaluer les facteurs
prédictifs de transformation hémorragique aprés thrombectomie mécanique.
Méthodes : Nous avons conduit une étude de cohorte a partir du registre prospectif
des patients avec AVC ischémique de circulation antérieure ayant bénéficié d’une
thrombectomie mécanique entre 2015 et 2017. Nous avons analysé les données
cliniques (antécédents, score NIHSS), biologiques (glycémie, plaquettes, tests de
coagulation) et radiologiques (ASPECTS et volume d’infarctus initiaux) de base, les
scores de recanalisation angiographiques (mTICI), et la présence d’un remaniement
hémorragique sur I'lRM de suivi a J-1 selon la classification ECASS II.

Résultats : Parmi les 643 patients inclus, les facteurs de risque de transformation
hémorragique étaient : la thrombolyse intraveineuse, la glycémie, la thrombocytémie
a I'admission, le volume lésionnel ischémique initial, le délai de prise en charge ainsi
que la recanalisation intracranienne. Les déterminants d’hémorragie intracranienne
symptomatique (sICH) étaient : le diabéte, la thrombolyse intraveineuse, la pression
artérielle systolique a I'admission et le volume ischémique. Le délai de prise en
charge semblait étre un facteur de risque et la recanalisation un facteur protecteur
mais ces associations n’étaient pas significatives.

Conclusion : Les facteurs de risque de transformation hémorragique des Iésions
ischémiques apres thrombectomie étaient similaires a ceux aprés thrombolyse IV a
I'exception de I'dge et du NIHSS. La recanalisation était un facteur de risque de

transformation hémorragique mais semblait protéger du sICH.



Bretzner Martin

LISTE DES ABREVIATIONS

ADC : apparent diffusion coefficient

AIS LVO : acute ischemic stroke with large intracranial vessel occlusion
ASPECTS : Alberta Stroke Program Early CT Score

AVC : accidents vasculaires cérébraux

BBB : blood-brain barrier

BHE : barriere hémato-encéphalique

DSA : digital subtraction angiography

ECASS : European Cooperative Acute Stroke Study

HT : hemorrhagic transformation

ICA : internal carotid artery

IVT : intravenous thrombolysis

MCA : middle cerebral artery

mRS : modified Rankin Score, : modified Rankin Scale
MT : Mechanical thrombectomy

mTICI : modified Thrombolysis in Cerebral Infarction scale
NIHSS : National Institutes of Health Stroke Scale

sICH : symptomatic intracerebral hemorrhage

TH : transformation hémorragique
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INTRODUCTION GENERALE

La pandémie AVC

Les accidents vasculaires cérébraux (AVC) touchent environ 140 000 patients par an
en France. Du fait de 'amélioration de la filiére de prise en charge, la mortalité a
chuté, faisant mécaniquement augmenter le nombre de survivants et donc de
handicaps. Les AVC sont la premiére cause de handicap fonctionnel non
traumatique dans le monde et on estime qu’ils ont été responsables de 193 années

vécues handicapées en France en 2017".

Figure 1: Evolution de [lincidence des AVC ischémiques dans le monde de 1990 & 2017

@)
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On note que les incidences ayant augmenté le plus fortement, représentées en couleurs chaudes, concernent les pays en voie

de développement ayant atteint, en 2017, un développement socio-économique intermédiaire. L’incidence des AVC en France

entre 1990 et 2017 a augmenté de 0,84%, représentée par un cercle noir sur I'échelle horizontale sous-jacente a la figure.

1 Institute for Health Metrics and Evaluation (IHME). GBD Compare. Disponible sur : http:/vizhub.healthdata.org/gbd-compare
(Accédé le 20/11/2018).
3
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Figure 2 : Evolution de l'incidence annuelle d’AVC ischémique par 100 000 habitants

par région homogéne de SDI'.
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Le SDI (Index de Développement Sociodémographique) est un indicateur de santé mixte prenant en compte le revenu par

habitant, le niveau d’éducation et un indice synthétique de fécondité.

Le colt économique est considérable : on estime en Europe que les AVC ont

engendré 45 milliards d’euros de dépenses en 2016 dont 20 milliards directement

imputés aux systémes de santé nationaux?.

A I'échelle mondiale, on assiste a une augmentation rapide de l'incidence des AVC

accompagnant l'occidentalisation des pays en voie de développement, ce

phénomeéne est illustré sur les figures 1 et 2.

2Wilckins et al., “European Cardiovascular Disease Statistics 2017 Edition.”
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Les traitements disponibles

Pour les besoins de ce travail nous nous focaliserons sur les AVC ischémiques par
occlusion artérielle.

Le premier traitement des AVC demeure l'unité de soins intensifs neurovasculaire,
diminuant de 29% le risque de mortalité ou de dépendance fonctionnelle3.

En 1995, I'étude NINDS introduit le traitement fibrinolytique intraveineux dans les 3
heures suivant le début des symptédmes permettant a 1 patient sur 7 pris en charge
précocement d’augmenter ses chances de conserver une indépendance
fonctionnelle a 3 mois4. En 2008, I'étude ECASS IIl étend cette fenétre
thérapeutique a 4h30 faisant augmenter le nombre de patients éligibles®.

Vingt ans aprés NINDS, le traitement de 'AVC est révolutionné par la publication
rapprochée de plusieurs études randomisées controlées retrouvant un trés large
bénéfice d'une thérapie combinée associant la thrombectomie mécanique au
traitement fibrinolytique®789.10.11 | e bénéfice est considérable ramenant le nombre
de patients a traiter a 3 pour 1 patient fonctionnellement indépendant. On assiste
alors a une redistribution des cartes dans les filieres de soins de 'AVC. Le nombre
de thrombectomies réalisées augmente de maniére exponentielle sur le territoire
francais passant de 1222 en 2014 a 5591 en 2017. La thrombectomie est alors
proposée dans les 6 a 8 heures suivant le début des symptomes. En 2018, deux

etudes, DAWN et DEFUSES3, proposent d’étendre la fenétre thérapeutique jusqu’a

3 “Collaborative Systematic Review of the Randomised Trials of Organised Inpatient (Stroke Unit) Care after
Stroke.”

4 Disorders and Group, “Tissue Plasminogen Activator for Acute Ischemic Stroke.”

5 Hacke et al., “Thrombolysis with Alteplase 3 to 4.5 Hours after Acute Ischemic Stroke.”

8 Berkhemer et al., “A Randomized Trial of Intraarterial Treatment for Acute Ischemic Stroke.”

" Goyal et al., “Randomized Assessment of Rapid Endovascular Treatment of Ischemic Stroke.”

8 Saver et al., “Stent-Retriever Thrombectomy after Intravenous t-PA vs. t-PA Alone in Stroke.”

® Campbell et al., “Endovascular Therapy for Ischemic Stroke with Perfusion-Imaging Selection.”

10 Jovin et al., “Thrombectomy within 8 Hours after Symptom Onset in Ischemic Stroke.”

" Bracard et al., “Mechanical Thrombectomy after Intravenous Alteplase versus Alteplase Alone after Stroke.”



Bretzner Martin

24 heures aprés seélection par imagerie avancée, notamment de perfusion,
augmentant encore le nombre de patients éligibles'-'3. De maniére analogue,
'étude WAKE-UP', et bientot I'étude ECASS IV 1'%, valident I'utilisation de la

thrombolyse IV dans les AVC de début inconnus aprés sélection IRM.

Qu’est-ce que la thrombectomie mécanique ?

Lors de 'AVC ischémique, une artere intracranienne est occluse par un caillot. La
thrombectomie mécanique peut étre proposée pour lever cet obstacle a la circulation
cérébrale. C’est une technique de recanalisation endovasculaire pouvant se dérouler
sous anesthésie générale ou sédation consciente. L'opérateur place par voie
fémorale un cathéter dans I'artére cervicale cible, et procéde au retrait du thrombus
intracranien par aspiration de contact et/ou stent-retriever. Ces deux techniques sont

illustrées sur la figure 3.

2 Nogueira et al., “Thrombectomy 6 to 24 Hours after Stroke with a Mismatch between Deficit and Infarct.”
3 Albers et al., “Thrombectomy for Stroke at 6 to 16 Hours with Selection by Perfusion Imaging.”

4 Thomalla et al., “MRI-Guided Thrombolysis for Stroke with Unknown Time of Onset.”

S Amiri et al., “European Cooperative Acute Stroke Study-4.”
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Figure 3 : La thrombectomie mécanique par stent-retriever et aspiration distale’®

a : occlusion par un caillot sanguin du segment M1 de l'artére cérébrale moyenne ; b : stent-retriever déployé au sein du
caillot ; ¢ : cathéter d’aspiration distal positionné au contact du caillot.

La transformation hémorragique : la complication majeure

La complication majeure de 'AVC ischémique est la transformation hémorragique
(TH). Il s’agit d’'un saignement survenant au sein de la zone infarcie grevant le
pronostic fonctionnel et la survie du patient’”. Son incidence au décours d’un AVC
ischémique est largement variable selon les études, avec des taux rapportés
s'élevant jusqu'a 85%'8. La sévérité de I'némorragie étant dépendante de son
extension, elle est divisée radiologiquement en 4 catégories, comme figurées en

table 1'°.

6 Papanagiotou and White, “Endovascular Reperfusion Strategies for Acute Stroke.”

7 van Kranendonk et al., “Hemorrhagic Transformation Is Associated with Poor Functional Outcome in Patients
with Acute Ischemic Stroke Due to a Large Vessel Occlusion.”

8Lindley et al., “Frequency and Risk Factors for Spontaneous Hemorrhagic Transformation of Cerebral Infarction.”
% Hacke et al., “Thrombolysis with Alteplase 3 to 4.5 Hours after Acute Ischemic Stroke.”
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Table 1 : Classification radiologique des transformations hémorragiques

Transformation hémorragique Critéres radiologiques

HI1 Infarctus hémorragique de type 1 Hémorragie pétéchiale

HI2 Infarctus hémorragique de type 2 Hémorragie pétéchiale
confluente

PH1 Hématome parenchymateux de type 1  Hématome occupant <30% de

l'infarctus, pas d’effet de masse

PH2 Hématome parenchymateux de type 2 Hématome occupant >30% de
l'infarctus, effet de masse

La TH est également frequemment classée selon qu’elle apparait symptomatique, si
elle entraine une perte concomitante de 4 points du score National Institutes of
Health Stroke Scale (NIHSS), ou non. Ce caractére symptomatique est la traduction
clinique d’'un hématome généralement étendu de type PH2, et vient grever le
pronostic fonctionnel ainsi que la survie du malade. Cependant méme en 'absence
du caractere symptomatique, il semble que la TH vienne dégrader la récupération
fonctionnelle et cognitive a long terme®. La prévention des TH qu’elles soient
symptomatiques et étendues ou bien limitées et infracliniques est donc un enjeu

important de la prise en charge.

Principaux mécanismes physiopathologiques de la transformation hémorragique.
Au cours de l'ischémie, des lésions de la barriere hémato-encéphalique (BHE) et de
la membrane basale apparaissent. Ces lésions sont médiées par la production de

radicaux libres oxygénés et de métalloprotéases venant altérer I'ensemble des

20 park et al., “Is Asymptomatic Hemorrhagic Transformation Really Innocuous ?”



Bretzner Martin

constituants de l'unité neurovasculaire : les cellules endothéliales, les péricytes, les
cellules musculaires lisses et les astrocytes. |l en résulte une augmentation de la
permeéabilité de la BHE et de la membrane basale favorisant la diapédése
immunitaire et le démarrage d'un processus thromboinflammatoire complexe a
I'origine d’'un cercle vicieux de Iésion cellulaire cérébrale. Il apparait également que
ces processus sont catalysés par la reperfusion, c’est le concept d’ischémie-
reperfusion. La traduction de ces Iésions de la BHE et de l'unité neurovasculaire est
l'apparition plus fréquence et plus sévere de transformation hémorragique et

d’cedéme cérébral?'22,

Problématique

De nombreux études décrivant les facteurs de risque de transformation
hémorragique aprés thrombolyse intraveineuse sont disponibles?3:24.25,26,27,28,29,30,
cependant les données précisant ces déterminants aprés thrombectomie mécanique
restent limitées. L’avénement de la thrombectomie mécanique moderne datant de
2015, la vaste majorité des études publiées évaluent des dispositifs médicaux et des

techniques réformées comme la thrombolyse intra-artérielle, le dispositif MERCI ou

2 De Meyer Simon F. et al., “Thromboinflammation in Stroke Brain Damage.”

22 Jickling et al., “Hemorrhagic Transformation after Ischemic Stroke in Animals and Humans.”

2 Larrue et al., “Risk Factors for Severe Hemorrhagic Transformation in Ischemic Stroke Patients Treated with
Recombinant Tissue Plasminogen Activator.”

2 Flint et al., “The THRIVE Score Predicts Symptomatic Intracerebral Hemorrhage after Intravenous TPA
Administration in SITS-MOST.”

% Strbian et al., “Symptomatic Intracranial Hemorrhage after Stroke Thrombolysis.”

26 Menon et al., “Risk Score for Intracranial Hemorrhage in Patients With Acute Ischemic Stroke Treated With
Intravenous Tissue-Type Plasminogen Activator.”

27 Cucchiara et al., “A Risk Score to Predict Intracranial Hemorrhage After Recombinant Tissue Plasminogen
Activator for Acute Ischemic Stroke.”

% Mazya et al., “Predicting the Risk of Symptomatic Intracerebral Hemorrhage in Ischemic Stroke Treated with
Intravenous Alteplase.”

2 Lou et al., “The HAT Score.”

30 Asuzu et al., “Validation of TURN, a Simple Predictor of Symptomatic Intracerebral Hemorrhage after IV
Thrombolysis.”
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encore la fragmentation de caillot. En 2015, Nogueira et al. ont publié la plus grande
analyse rétrospective étudiant ces déterminant sur 1122 patients, cependant seuls
218 d’entre eux avaient bénéficié de thrombectomie mécanique®'. Parmi le peu
d’études incluant la reperméabilisation de I'occlusion dans les analyses, les données
apparaissent contradictoires. Certaines études retrouvent la recanalisation comme
facteur protecteur de TH 323 tandis que dautres ne rapportent aucune
association343%36_ Au total, les données disponibles sont inhomogénes et différentes
de la prise en charge moderne de '’AVC ischémique.

De plus, le traitement étiologique de I'AVC comporte fréquemment des
thérapeutiques antithrombotiques et/ou une revascularisation de carotide qui sont
d’'indication délicate chez des patients a risque ou présentant une transformation
hémorragique. Des données récentes permettant de mieux identifier les patients a

risque de TH sont donc nécessaires afin de guider ces choix thérapeutiques.

Objectif
Notre objectif est de déterminer, dans notre cohorte monocentrique, les facteurs de

risque de transformation hémorragique chez les patients traités par thrombectomie

31 Nogueira et al., “Predictors and Clinical Relevance of Hemorrhagic Transformation after Endovascular Therapy
for Anterior Circulation Large Vessel Occlusion Strokes.”

32 Kaesmacher et al., “Hemorrhagic Transformations after Thrombectomy.”

33 Wang et al., “Successful Recanalization Post Endovascular Therapy Is Associated with a Decreased Risk of
Intracranial Haemorrhage.”

34 Raychev et al., “Determinants of Intracranial Hemorrhage Occurrence and Outcome after Neurothrombectomy
Therapy.”

35 van Kranendonk et al., “Hemorrhagic Transformation Is Associated with Poor Functional Outcome in Patients
with Acute Ischemic Stroke Due to a Large Vessel Occlusion.”

3 Desilles et al., “Successful Reperfusion With Mechanical Thrombectomy Is Associated With Reduced Disability
and Mortality in Patients With Pretreatment Diffusion-Weighted Imaging—Alberta Stroke Program Early Computed
Tomography Score <6.”

10
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mécanique pour un accident vasculaire cérébral ischémique par occlusion d'une

artére intracranienne de circulation antérieure.

11
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INTRODUCTION

Mechanical thrombectomy (MT) is now the standard of care for revascularization of
acute ischemic stroke with large intracranial vessel occlusion (AIS LVO) (1-6).
Hemorrhagic transformation of the ischemic lesion is a dreaded complication as it
darkens the patient’s prognosis (7,8) whether symptomatic or not (9,10). Identifying
the patients at risk is crucial to guide etiological treatment and secondary prevention
like antithrombotics or carotid revascularization.

Exhaustive literature studying hemorrhagic transformation (HT) risk factors after
intravenous thrombolysis (IVT) is already available (11-21) but limited data are
published following mechanical thrombectomy (7,22-25) especially in the era of
stent-retriever. Indeed, most of the studies included intra-arterial tpa and other --
decommissioned devices and technique such as MERCI, balloon or guidewire
fragmentation (26—29), and more data using up-to-date devices are needed. In 2015,
Nogueira et al. published the largest retrospective analysis of pooled data from 13
centers, but only 218 of the 1122 patients included underwent mechanical
thrombectomy and 102 aspiration procedures (26).

On the few analyses available that include recanalization as a risk factor, conflicting
data exist between recanalization and HT. Some authors report recanalization as a
protecting factor for HT (30,31) while other studies retrieve no association (32—34).
Stroke prevention and etiological treatment frequently includes antithrombotics
and/or carotid revascularization which might be unsafe in case of HT (35-38).
Recent data concerning HT risk factors after MT is needed to graduate therapeutic

action accordingly.
12
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We aimed to study the determinants of hemorrhagic transformation in patients
treated by MT for an AIS LVO in our comprehensive stroke center cohort and to

provide more homogeneous data from the modern era of stroke treatment.

13
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METHODS

Ethics

The ethical committee (Comité de Protection des Personnes Nord Ouest IV, France)
approved the study on March 9%, 2010 (registration number 10.677). Patients gave
informed consent themselves or via a close relative for the follow-up.

The data that support the findings of this study are available from the corresponding

author upon reasonable request.

Study design

We conducted this observational study from a prospective registry of patients
consecutively admitted to our comprehensive stroke center for an acute ischemic
stroke, who underwent MT. For the purpose of this study we considered only

patients recruited between January 2015 and December 2017.

Population

We included all consecutive stroke patients treated by MT in our hospital. Patients
with basilar artery occlusion or extracranial carotid artery occlusion were excluded.
Eligibility for IVT and MT has been previously published (39) . Briefly, IVT was
administrated on the basis of modified ECASS-2 (European Cooperative Acute
Stroke Study) criteria without any upper age limit (40) and MT procedure was

performed within 8 hours from onset.

14
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Wake-up strokes were treated on the basis of the diffusion-weighted imaging (DWI) -
fluid-attenuated inversion recovery (FLAIR) mismatch profile (41-43). Our inclusions
criteria evolved as DAWN and DEFUSE 3 trials were published (44,45), especially

the DEFUSE 3 perfusion criteria were added.

Clinical data

We prospectively collected common demographic characteristics, vascular risk
factors, vascular history, and antithrombotic medication received prior to stroke. We
recorded the pre-stroke scores on the modified Rankin Scale (mRS). Blood
pressure, glycemia, platelet count, and coagulation tests (PT, ACT, INR) before
treatment were collected. The clinical severity was assessed by a senior vascular
neurologist using the National Institutes of Health Stroke Scale (NIHSS) before
procedure.

We recorded the times of symptom onset, first cerebral imaging (MRI or CT), and
time of groin puncture (estimated by the time of pretreatment cerebral angiography).
For patients with unknown stroke onset time, we recorded the time when the patient
was last seen normal.

The occurrence of symptomatic intracerebral hemorrhage (sICH) was defined
according to the ECASS-2 trial as a 4 NIHSS points loss concomitant to any

intracranial hemorrhage (40).

15
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Image analysis

Brain MRI (or CTA if contraindicated) was performed before and 24-36 hours after
endovascular procedure. Ischemic lesions were evaluated using the Alberta Stroke
Program Early CT Score (ASPECTS) or DWI-ASPECTS on the last brain imaging
available before MT (46,47). Volumes of the ischemic cores were estimated using a
semi-automated software (Olea Sphere, Olea Medical SAS, La Ciotat, France)
based on a thresholding method of the initial apparent diffusion coefficient maps
(ADC) with an upper level of 0,6 .10-3 mm2/s.

The occlusion site was assessed on initial digital subtraction angiography (DSA):
middle cerebral artery occlusion (MCA- M1 or M2), terminus internal carotid artery
ICA occlusion, or tandem occlusion. The degree of recanalization after MT was
evaluated using the modified Thrombolysis in Cerebral Infarction scale (mTICI) on
final angiogram (48,49). Radiological images (MRI, CT, DSA) were analyzed by a
senior neuroradiologist blinded to clinical data.

Hemorrhagic transformations were assessed on day-1 brain MRI, or CT if

contraindicated, using the ECASS 2 criteria (40) described in Table 1.

Table 1: Radiological classification of hemorrhagic transformation.

Hemorrhagic transformation Radiological features

HI1 Hemorrhage infarction type 1 Petechial hemorrhage

HI2 Hemorrhage infarction type 2 Confluent petechial hemorrhage

PH1  Parenchymal hematoma type 1 Hematoma occupying <30% of the

infarct zone, no significant mass effect

PH2  Parenchymal hematoma type 2 Hematoma occupying >30% of the
infarct zone, significant mass effect

16
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Endovascular procedure and intravenous therapy

All patients were treated endovascularly using a transfemoral or brachial access
under conscious sedation or general anesthesia, using up-to-date stent-retriever
and/or aspiration catheter.

All eligible patients received a full dose of intravenous tpa as soon as possible
according to the recommendations of the European Stroke Organization (50) (0.9

mg/kg, maximum 90 mg; 10% bolus followed by a 60-minute infusion).

Statistical analysis

Continuous variables are expressed as means (standard deviation) or medians
(interquartile range, IQR) and categorical variables are expressed as numbers
(percentage). Normality of distributions was assessed using histograms and Shapiro-
Wilk test. Patients were divided in three groups according to occurrence or not of
hemorrhagic infarction (HI) and parenchymal hematoma (PH) within 24 hours after
endovascular treatment. We firstly compared the baseline characteristics between
the study groups using univariable multinomial logistic regression models. To assess
the independent predictors of HI and PH separately, baseline characteristics that
differed between the study groups with a P<0.20 in univariate analysis were included
into a multivariable multinomial logistic regression model with a backward-stepwise
approach using a removal criterion of P>0.05 and “no hemorrhagic transformation”
as reference category. Odds ratio (ORs) of HI versus “no hemorrhage”, and ORs of
PH versus “no hemorrhage” were derived from multinomial logistic regression model

as effect sizes. To prevent expected collinearity between initial infarct volume and

17
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ASPECTS (r=-0.81), only initial volume was considered as a candidate predictor into
the multivariate analysis. We further investigated independent predictors of
symptomatic intracranial hemorrhage. Bivariate analyses were done using Chi-
square tests (or Fisher's exact tests when expected cell frequency was <5) for
categorical characteristics and the Student t-test (or Mann-Whitney U test for non-
Gaussian distribution) for continuous characteristics. A multivariable binary logistic
regression model was performed by including all baseline characteristics with p<0.20
in univariate analysis.

Multivariate analysis was repeated after inclusion of recanalization grade (mTICI O,
1, 2a vs. 2b vs. 3) as covariate to determine whether consideration of this interim
outcome modifies the estimated effect of the baseline characteristics as predictors of
hemorrhagic events. To avoid case deletion in both univariate and multivariate
analyses due to missing data on baseline characteristics, missing data were imputed
by simple imputation (0 to 3% of missing data by parameters). Imputation procedure
was performed under the missing at random assumption using study groups and all
baseline characteristics with a predictive mean matching method for continuous
variables and logistic regression model (binary or multinomial) for categorical
variables. Statistical testing was done with a two-tailed a risk level of 0.05. Data were

analyzed using the SAS software package, release 9.4 (SAS Institute, Cary, NC).
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RESULTS

On the 667 consecutive patients treated by mechanical thrombectomy between
January 2015 and December 2017, 24 patients were excluded from analysis for the
following reasons: extracranial ICA occlusion (n=17), or missing data on occurrence
of symptomatic intracranial hemorrhage (n=7) (deceased before day-1 imaging).
Baseline clinical and imaging characteristics are represented on Table 2, uncommon
features included: 142 (22.1%) patients with a pre-stroke modified Rankin Score
(mRS) > 2, 156 (24.3%) wake-up strokes, 338 (52.6%) M1 middle cerebral artery
(MCA) occlusions. On the 643 included patients, there were 211 (32.8%) HI (n=99
HI1, and n=112 HI2) and 150 (23.3%) PH (n=97 PH1, and n=53 PH2). 57 patients
(8.9%) presented a symptomatic intracranial hemorrhage (sICH). 588 patients

(91.4%) were screened using MRI and 55 (8.6%) using CT.
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Table 2: Baseline characteristics N=643

N Values

Age, years 643 69.5 (15.3)
Men 643 290 (45.1)
Hypertension 643 421 (65.5)
Diabetes 643 116 (18.0)
Hypercholesterolemia 643 274 (42.6)
Current smoking 643 232 (36.1)
Current alcohol consumption 643 78 (12.1)
Previous ischemic heart disease 642 74 (11.5)
Previous or current AF 643 250 (38.9)
Previous stroke or TIA <7 days 643 4 (5.3)
pre-AVC mRs 22 643 142 (22.1)
Anticoagulation treatment 643 116 (18.0)
Anti-platelet treatment 643 200 (31.1)
Combined IV rtPA and thrombectomy 643 451 (70.1)
Wake up stroke 643 156 (24.3)
Site of occlusion on initial angiogram

MCA-M2 643 88 (13.7)

MCA-M1 643 338 (52.6)

Intracranial ICA 643 116 (18.0)

MCA/ICA Tandem 643 101 (15.7)
Admission systolic BP, mmHg 643 145.3 (24.9)
Admission glycemia, mg/dL, median (IQR) 641 123 (105 to 150)
Infarct volume, cm3, median (IQR) 606 12.0 (5.0 to 32.0)
Admission NIHSS, median (IQR) 643 18 (13 to 22)
ASPECTS, median (IQR) 641 8(5t09)
Time from onset to groin puncture, minutes, median (IQR) 640 261 (201 to 349)

Symptom onset to imaging 640 131 (89 to 244)

Imaging to groin puncture 643 114 (55 to 146)
Prothrombin time 624 94 (83 to 100)
aPTT 639 1.0 (0.9 t0 1.0)
Platelets counts 641 236 (195 to 288)

Abbreviations: aPTT= activated partial thromboplastin time, AF=atrial fibrillation, ASPECTS=Alberta Stroke Program Early CT
Score; BP=blood pressure; Hl=hemorrhagic infarction; ICA=internal carotid artery; IQR=interquartile range; IV=intravenous;
MCA=Middle cerebral artery; mRs=modified rankin score; NIHSS=National Institutes of Health Stroke Scale; PH=Parenchymal

Hematoma; rtPA=recombinant tissue plasminogen activator; SD=standard deviation.
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Determinants of Main Hemorrhagic Transformation Subtypes

After handling missing data by simple imputation, age, diabetes,
hypercholesterolemia, smoking, pre-stroke mRs>2, antithrombotic drugs prior to
stroke onset, wake-up stroke, site of occlusion on initial angiogram, admission
NIHSS, admission glycaemia, initial infarct volume, initial ASPECT score, symptoms
onset to imaging time, imaging to groin puncture time, intravenous thrombolysis
(IVT), and platelet count differed between the study groups (P<0.20) and were
included in multivariable multinomial logistic regression analysis (Table 3). As shown
in Supplemental Figure 1, using the group of patients without hemorrhagic
transformation as a reference, admission glycaemia, initial infarct volume, platelet
counts, symptom onset to imaging time and imaging to groin puncture time were
independent predictors of HI. Concerning PH, similar predictors were found
(although the association with platelet rates did not reach statistical significance) with
addition of IVT. The previous multivariable model was not modified when
recanalization grade was added except for HI which was not significantly associated
with IV tpa anymore (Figure 1). Reperfusion grade appeared also as an independent

predictor of both HI and PH.
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Table 3. Univariate association of Hl and PH with baseline characteristics

Hemorrhagic transformation

None (n=282) HI (n=211) PH (n=150) P
Value
Age, years 72.0 (15.5) 67.2 (14.9) 67.9 (14.9) 0.001
Men 126 (44.7) 95 (45.0) 69 (46.0) 0.97
Hypertension 191 (67.7) 138 (65.4) 92 (61.3) 0.41
Diabetes 39 (13.8) 45 (21.3) 32 (21.3) 0.051
Hypercholesterolemia 135 (47.9) 81 (38.4) 58 (38.7) 0.059
Current smoking 94 (33.3) 74 (35.1) 64 (42.7) 0.15
Current alcohol consumption 32 (11.3) 26 (12.3) 20 (13.3) 0.83
Previous ischemic heart disease 36 (12.8) 25(11.8) 13 (8.7) 0.44
Previous or current AF 116 (41.1) 82 (38.9) 52 (34.7) 0.43
Previous stroke or TIA <7 days 14 (5.0) 13 (6.2) 7(4.7) 0.78
pre-AVC mRs 22 76 (27.0) 39 (18.5) 27 (18.0) 0.032
Anticoagulation treatment 61 (21.6) 39 (18.5) 16 (10.7) 0.021
Anti-platelet treatment 94 (33.3) 61 (28.9) 45 (30.0) 0.55
Combined IV rtPA and thrombectomy 187 (66.3) 147 (69.7) 117 (78.0) 0.042
Wake up stroke 55 (19.5) 56 (26.5) 45 (30.0) 0.035
Site of occlusion on initial angiogram
MCA-M2 40 (14.2) 29 (13.7) 19 (12.7) 0.034
MCA-M1 163 (57.8) 105 (49.8) 70 (46.7)
Intracranial ICA 41 (14.5) 39 (18.5) 36 (24.0)
MCAJ/ICA Tandem 38 (13.5) 38 (18.0) 25 (16.7)
Admission systolic BP, mmHg 144.8 (25.9) 143.7 (22.2) 148.2 (26.6) 0.22
Admission glycemia, mg/dL, median(IQR) 117 (103 to 138) 126 (106 to 160) 132 (110 to 171) <0.001*
Infarct volume, cm3, median (IQR) 7.5(3.0t0 17.0) 15.0 (6.0 to 38.0) 22.0 (10.0 to 40.0) <0.001*
Volume>70ml 13 (4.6) 18 (8.5) 13 (8.7) 0.14
Admission NIHSS, median (IQR) 8 (3to 18) 13 (6 to 20) 18 (11 to 23) <0.001
ASPECTS, median (IQR) 8(7t09) 7(5t09) 6 (4 to 8) <0.001
ASPECT <6 41 (14.5) 68 (32.2) 67 (44.7) <0.001
Symptom onset to groin puncture, 240 (177 to 318) 266 (213 to 368) 284 (226 to 386) 0.002
minutes, median (IQR)
Symptom onset to imaging 129 (85to 218) 129 (93 to 271) 146 (92 to 293) 0.050
Imaging to groin puncture 87.5 (47 to 134) 122 (69 to 145) 130 (73 to 156) <0.001
Prothrombin time 93 (80 to 100) 95 (81 to 100) 95 (84 to 100) 0.41
aPTT 1.0(0.9t0 1.1) 1.0 (0.9 to 1.0) 1.0 (0.9 to 1.0) 0.42
Platelets counts 225 (189 to 273) 247 (211 to 300) 244 (196 to 284) <0.001
Recanalization grade
TICI<2B 80 (28.4) 48 (22.7) 24 (16.0) 0.011
TICI 2B 78 (27.7) 75 (35.5) 63 (42.0)
TICI 3 124 (43.9) 88 (41.8) 63 (42.0)

Values are n (%) or mean (SD). Descriptive parameters and p-values were calculated after handling missing values by simple
imputation. Abbreviations: AF=atrial fibrillation, aPTT= activated partial thromboplastin time, ASPECTS=Alberta Stroke

Program Early CT Score; BP=blood pressure; HI=hemorrhagic infarction; ICA=internal carotid artery; IQR=interquartile range;

IV=intravenous; MCA=Middle cerebral artery; mRs=modified rankin score; NIHSS=National Institutes of Health Stroke Scale;

PH=Parenchymal Hematoma; rtPA=recombinant tissue plasminogen activator; SD=standard deviation.
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Figure 1: Results of multivariate analysis assessing independent predictors of HI and
PH

Factors Hemorrhage Odds Ratio (95%) p-value for overall effect
Combined IV tPA and thrombectomy Hlvs None 1.09(0.72t0 1.66) —@— 0.099
PH vs None 1.72(1.03 to 2.89) —
Admission glycemia (per one SD log-increase) Hl vs None 1.47 (1.19 to 1.81) —— <0.001
PHvs None 1.78 (1.41to 2.24) —a—
Infarct volume (per one SD log-increase) Hlvs None 1.67 (1.37 to 2.05) —— <0.001
PHvs None 2.36 (1.85t0 3.02) —a—
Symptom onset to imaging (per 2 hours increase) Hl vs None 1.14 (1.03 to 1.27) - 0.003
PH vs None 1.22(1.08 to 1.37) -
Imaging to groin puncture (per 30 minutes increase) Hlvs None 1.23 (1.10 to 1.38) - <0.001
PHvs None 1.29 (1.13 to 1.47) -
Platelets counts (per 100K units increase) Hl vs None 1.49 (1.17 to 1.89) — - 0.004
PHvs None 1.18 (0.89 t0 1.57) — -
Recanalization grade 0.003
TICI<2B HI vs None 1.00 (ref)
PHvs None 1.00 (ref) ‘
TICl 2B Hlvs None 1.97 (1.17 to 3.30) -
PH vs None 1.45 (0.89 to 2.36) -T—
TIC1 3 Hl vs None 3.46 (1.89 to 6.45) B —
PHvs None 2.07(1.14t0 3.77) S
0,1 1 10

Adjsuted OR (95%Cl)

Odds ratios and P values were calculated after handling missing data by simple imputation using a backward-stepwise
multinomial logistic regression model including all univariate predictors at P<0.20 excepted recanalization grade.
Abbreviations: HI= hemorrhagic infarction; IV= intravenous; OR= Odds ratio; PH=parenchymal hematoma; rtPA= recombinant
tissue plasminogen activator; SD=standard deviation.
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Determinants of Symptomatic Intracranial Hemorrhage

After handling missing data, diabetes, previous ischemic heart disease, current or
history of atrial fibrillation, anticoagulant drugs prior to stroke onset, IVT, wake-up
stroke, site of occlusion on initial angiogram, admission systolic blood pressure,
glycaemia, initial infarct volume, admission NIHSS, initial ASPECT score and
imaging to groin puncture time were considered as candidate predictors in
multivariable binary logistic regression analysis. In addition to baseline
characteristics, reperfusion grade was associated with lower symptomatic
intracranial hemorrhage (Table 3). As shown in supplemental table 1, in
multivariate analysis, diabetes, IVT, admission systolic blood pressure, initial infarct
volume and imaging to groin puncture time remained significantly associated with an
increased risk of symptomatic intracranial.

When the recanalization grade was added in previous multivariable model, imaging
to groin puncture time and recanalization grade did not remain significantly
associated with symptomatic intracranial hemorrhage but remained close to
significance (p=0.053 and p=0.092 respectively). All other results were similar (Table

4).
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Table 3: Univariate association with symptomatic intracranial hemorrhage

Symptomatic intracranial hemorrhage

No (N=586) Yes (N=57) P value
Age, years 69.3 (15.4) 71.0 (14.0) 0.44
Men 263 (44.9) 27 (47.4) 0.72
Hypertension 381 (65.0) 40 (70.2) 0.43
Diabetes 99 (16.9) 17 (29.8) 0.015
Hypercholesterolemia 251 (42.8) 23 (40.4) 0.72
Current smoking 213 (36.3) 19 (33.3) 0.65
Current alcohol consumption 72 (12.3) 6 (10.5) 0.70
Previous ischemic heart disease 64 (10.9) 10 (17.5) 0.13
Previous or current AF 236 (40.3) 14 (24.6) 0.020
Previous stroke or TIA <7 days 33 (5.6) 1(1.8) 0.35
pre-AVC mRS 22 132 (22.5) 10 (17.5) 0.39
Anticoagulation treatment 111 (18.9) 5(8.8) 0.057
Anti-platelet treatment 180 (30.7) 20 (35.1) 0.50
Combined IV rtPA and thrombectomy 404 (68.9) 47 (82.5) 0.033
Wake up stroke 449 (76.6) 38 (66.7) 0.094
Site of occlusion on initial angiogram
MCA-M2 81 (13.8) 7(12.3) 0.079
MCA-M1 316 (53.9) 22 (38.6)
Intracranial ICA 101 (17.2) 15 (26.3)
MCAI/ICA Tandem 88 (15.0) 13 (22.8)
Admission systolic BP, mmHg 144.3 (24.6) 155.3 (26.0) 0.001
Admission glycemia, mg/dL, median (IQR) 122 (104 to 148) 130 (110 to 182) 0.023*
Infarct volume, cm3, median (IQR) 12 (5 to 29) 23 (8 to 50) 0.002*
Admission NIHSS, median (IQR) 18 (13 to 22) 19 (16 to 22) 0.15
ASPECTS, median (IQR) 8(5t09) 6(4t09) 0.028
Time from onset to groin puncture, minutes, median (IQR) 261 (199 to 345) 273 (228 to 450) 0.061
Symptom onset to imaging 130 (90 to 244) 138 (92 to 315) 0.46
Imaging to groin puncture 111 (54 to 145) 135 (99 to 156) 0.010
Prothrombin time 94 (81 to 100) 94 (86 to 100) 0.88
aPTT 1.0 (0.9t0 1.0) 1.0 (0.9 to 1.0) 0.84
Platelets counts 235 (195 to 287) 239 (182 to 290) 0.88
Recanalization grade
TICI<2B 132 (22.5) 20 (35.1) 0.10
TICI 2B 199 (34.0) 17 (29.8)
TiCI 3 255 (43.5) 20(35.1)

Values are n (%) or mean (SD). Descriptive parameters and p-values were calculated after handling missing values by simple
imputation* P-values obtained after log transformation.

Abbreviations: aPTT= activated partial thromboplastin time, AF=atrial fibrillation, ASPECTS=Alberta Stroke Program Early CT
Score; BP=blood pressure; Hl=hemorrhagic infarction; ICA=internal carotid artery; IQR=interquartile range; IV=intravenous;
MCA=Middle cerebral artery; mRS=modified rankin score ; NIHSS=National Institutes of Health Stroke Scale; PH=Parenchymal

Hematoma; rtPA=recombinant tissue plasminogen activator; SD=standard deviation.
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Table 4: Multivariable regression analysis of predictors of symptomatic intracranial
hemorrhage.

Predictors OR (95% CI) * P Value*
Diabetes 2.30 (1.21 t0 4.37) 0.011
Combined IV r-tPA and thrombectomy 2.63 (1.23 to 5.60) 0.012
Admission systolic BP (per 10 mmHg increase) 1.21 (1.08 to 1.35) <0.001
Infarct volume (per one SD log-increase) 1.80 (1.32 to 2.47) <0.001
Imaging to groin puncture (per 30 min increase) 1.18 (0.99 to 1.39) 0.053

Recanalization grade

TICI <2B 1.00 (ref) 0.092
TICI 2B 0.49 (0.24 to 1.01)
TICI 3 0.52 (0.26 to 1.04)

*OR calculated after handling missing data by simple imputation using a backward-stepwise logistic model including all
univariate predictors at P<0.20 and recanalization grade. Abbreviations: BP=blood pressure; Cl=confidence interval;

IV=intravenous; OR=o0dds ratio; rtPA= recombinant tissue plasminogen activator; SD= Standard deviation.
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DISCUSSION

Major findings

This is, to our knowledge, the largest well phenotyped cohort of patients on which
determinants of hemorrhagic transformation were assessed after up-to-date
mechanical thrombectomy.

Risk factors for any hemorrhagic transformation included: IV tpa, admission
glycemia, initial infarct volume, times from symptom onset to imaging and from
picture to puncture, elevation of the platelet count and successful recanalization.
Risk factors for sICH included: IV tpa, diabetes, admission systolic blood pressure
and infarct volume. There was a strong trend toward association with time from
imaging to groin puncture as a risk factor for sICH and successful recanalization as a
protecting factor.

Successful recanalization (mTICI 2b-3) was associated with an increased risk of
hemorrhagic transformation but seemed to be associated with a decreased risk of
sICH. As far as we know, this is the first study reporting successful recanalisation
after mechanical thrombectomy as a risk factor for both HI and PH. Moreover, it
seems that the higher the recanalization grade, the higher the risk of HT, and
especially of HI.

Patients treated with bridging therapy presented more hemorrhagic transformation
than patients treated with endovascular therapy only (OR = 1.90 for PH, ns for HI).
This provide conflicting data concerning HI as Kaesmacher et al. reported |V tpa as a
protecting factor for HI (aOR=0.512) (30), but is consistent with the cohort studied by

Nogueira et al (aOR = 1.43) (51).
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Hemorrhagic transformation risk factors following mechanical thrombectomy seemed
similar to those published evaluating patient treated with IVT except for age and

NIHSS (11,52) which were not retrieved in our cohort.

Risk factors for hemorrhagic transformation

Successful recanalization (mTICI 2b-3) was associated with an increased risk of Hl
and PH. This finding is coherent with the concept of brain ischemia-reperfusion
injury. In animal stroke models, some degree of evidence exists that mechanical or
chemical reperfusion of brain ischemic lesions leads to more HT than permanent
occlusion (53-56). In human, Bang et al. have published a study retrieving
recanalization as a risk factor for HT in the case of poor cerebral collaterals on
patients treated using multimodal therapy (MERCI and/or 1A tpa) (57). Poor
collaterals in the context of AIS LVO can result in deeper and rapidly progressing
ischemic injury, thus reducing the time window for an effective and safe
recanalization.

Time from onset to imaging, time from picture to puncture and initial ischemic lesion
volume were associated with higher risk of HT. This is consistent with previous
findings concerning IV tpa (11,52,58,59). In fact, in the case of a proximal intracranial
LVO, time and ischemic lesion volume are similar parameters, indeed, time is brain
but collaterals set the pace (60).

Additionally, time from picture to puncture was a stronger risk factor for HT than time

from onset to imaging. This could be explained by an exponential relationship of HT
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over time. This is in accordance with a previous study reporting timing of
spontaneous recanalization >6 hours as a risk factor of HT (61).

One unexpected hemorrhagic risk factor retrieved was the initial platelet count
increase. One explanation could be distal infra-radiologic small vessels reocclusions
that lead to ineffective cerebral blood flow restoration causing deeper ischemia,
vessel ischemic injury and blood-brain barrier (BBB) disruption and then more HT
(62). Several studies have found platelet count and mean platelet volume as risk
factors for ischemic stroke (63-69) and Mosiman et al. in a recent study retrieved
platelet count as the most determinant risk factor for early vessel reocclusion after
successful mechanical thrombectomy (70). In a less intuitive manner, during the
early stages of ischemia, a complex thromboinflammatory process partially mediated
by platelets occurs. Interactions between platelets and inflammatory cells via the
contact-kinin and the Van Willebrand factor pathways worsen the cerebrovascular
unit damages and could aggravate the risk of HT (71,72). Platelet count is
systematically checked upon admission to settle IV tpa eligibility, it could also help
identifying patients at risk of HT.

Initial hyperglycemia is a well-known risk factor for HT and worse outcome in AlS
patients treated with IV tpa (73,74). In animal stroke model, hyperglycemia has been
described as a risk factor for infarct growth and HT (75) as it seems to alter
mitochondrial function in the ischemic cortical penumbra speeding its decay (76).
Hyperglycemia appears as a risk factor for bad outcome and HT regardless of the
revascularization therapy used (71,74).

Intravenous tpa was retrieved as a risk factor for PH, and not HI, as in ECASS Il

(11), but when recanalization was added to the model it did not remain significatively
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associated. Further studies are needed to analyze whether it increases the risk

differently depending on the recanalization grade and/or the timing of recanalization.

Determinants of Symptomatic Intracranial Hemorrhage

Diabetes mellitus was retrieved as a risk factor for sICH, this could be explained by
the chronic damages to the BBB exacerbating ischemic related inflammatory
process, cerebral edema, risk and severity of bleedings (76).

Infarct volume and time were associated with an increased risk of sICH similarly to
studies assessing HT risk factors after IV tpa (11,58).

Analogously admission systolic blood pressure appears to be a shared sICH
determinant of thrombolysis and MT (77-80).

Despite remaining non-significant, we observed a strong trend toward association
between successful recanalization and a reduction in the incidence of sICH.
Symptomatic ICH is defined as a 4 points loss of NIHSS concomitant to any HT.
Early neurological improvement following MT could conceal its detection. Moreover,
sICH scoring seems inadequate for large volume and severe stroke patients whom
high NIHSS score cannot grow 4 supplemental points. This could partially explain
the lack of significance regarding recanalization as a protecting factor for sICH, in the

present study or in previously published ones.

Limits
We acknowledge several limitations, first the inherent bias impeding monocentric

and retrospective studies, even though the data collection remained prospective.
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Secondly this study was not randomized and is subject to selection bias that could
explain why age and NIHSS were not associated with HT likewise following IV tpa.

The determinants of HT from the present study concern only early hemorrhage since
their incidence was assessed on day-1 imaging, delayed HT may not share common
risk factors and interpretation concerning their occurrence should remain cautious.

Finally, several other suspected risk factors for HT following IV tpa and/or MT have
been published and were not studied in our cohort such as: cerebral leukopathy
(81,82), intracranial arterial tortuosity (83), location of infarct (84), severity of lesion
ADC value (85) and of hypoperfusion (86) or more recently BBB permeability

(87,88).

31



Bretzner Martin

CONCLUSION

In our modern thrombectomy well phenotyped cohort of 643 patients: risk factors of
hemorrhagic transformation after mechanical thrombectomy for acute ischemic
stroke included intravenous thrombolysis, glycemia, infarct volume, time from onset
to imaging, time from picture to puncture, platelet count and mTICI 2b and 3
recanalization.

Risk factors for symptomatic intracranial hemorrhage included intravenous
thrombolysis, diabetes mellitus, infarct volume, admission systolic blood pressure.

Successful recanalization seemed to be associated with a decrease risk of sICH.
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ANNEXES

Supplemental Figure 1: Results of multivariate analysis assessing independent
predictors of HI and PH using only baseline characteristics.

Factors Hemorrhage Odds Ratio (95%) p-value for overall effect

Combined IV tPA and thrombectomy HI vs None 1.15 (0.76 to 1.74) —— 0.042
PH vs None 1.90 (1.14 to 3.15) —

Admission glycemia (per one SD log-increase) HI vs None 1.41(1.15t0 1.73 —— <0.001
PH vs None 1.66 (1.33 to 2.08) ——

Infarct volume (per one SD log-increase) Hl vs None 1.67(1.36t0 2.04 —— <0.001
PH vs None 2.35(1.84 t0 2.99) ——

Symptom onset to imaging (per 2 hours increase) Hl vs None 1.13(1.02to 1.2 - 0.005
PHvs None 1.21(1.07 to 1.36) -

Imaging to groin puncture (per 30 minutes increase) Hlvs None 1.22 (1.09 to 1.36 - <0.001
PH vs None 1.28 (1.12 t0 1.45) —

Platelets counts (per 100K units increase) HI vs None 1.50 (1.18 to 1.90) - 0.004
PHvs None 1.19(0.90 to 1.58) —+a—

0,1 10

Adjusted OR (95%Cl)

Odds ratios and P values were calculated after handling missing data by simple imputation using a backward-stepwise
multinomial logistic regression model including all univariate predictors at P<0.20 excepted recanalization grade. Abbreviations:
Hl= hemorrhagic infarction; IV= intravenous; OR= Odds ratio; PH=parenchymal hematoma; rtPA= recombinant tissue
plasminogen activator; SD=standard deviation.

Supplemental table 1: Multivariable regression analysis of predictors of symptomatic
intracranial hemorrhage using only baseline characteristics.

Predictors OR (95%CI)* P Value*
Diabetes 2.15 (1.14 to0 4.08) 0.018
Combined IV rtPA and thrombectomy 2.41 (1.15t0 5.09) 0.020
Admission systolic BP (per 10 mmHg increase) 1.23 (1.10 to 1.37) <0.001
Infarct volume (per one SD log-increase) 1.77 (1.29 t0 2.42) <0.001
Imaging to groin puncture (per 30 min increase) 1.19 (1.01 to 1.40) 0.043

*OR calculated after handling missing data by simple imputation using a backward-stepwise logistic model including all
univariate predictors at P<0.20 excepted recanalization grade. Abbreviations: BP=blood pressure; Cl=confidence interval;

IV=intravenous; OR=o0dds ratio; rtPA= recombinant tissue plasminogen activator; SD= Standard deviation.
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CONCLUSION GENERALE

Notre étude apporte une mise a jour des connaissances disponibles sur les facteurs
de risque de transformation hémorragique aprés thrombectomie mécanique
moderne. Dans notre cohorte de 643 patients, les déterminants de la transformation
hémorragique étaient: la thrombolyse intraveineuse, la glycémie, le volume
d’infarctus, les délais séparant 'apparition des symptémes de I'imagerie et I'imagerie
de la thrombectomie, la thrombocytémie et la recanalisation mTICI 2b et mTICI 3.
Les facteurs de risque de I'hémorragie intracréanienne symptomatique incluaient : la
thrombolyse intraveineuse, le diabéte, le volume d’infarctus, et la pression systolique
a 'admission. La recanalisation mTICI 2b/3 semblait &tre un facteur protecteur.

Cette analyse retrouve une majorité de déterminants communs avec la thrombolyse
intraveineuse mais rapporte un risque accru chez les patients bénéficiant d’'une

recanalisation efficace.
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Résumeé :

Introduction : La transformation hémorragique apres thrombectomie mécanique des AVC
ischémiques est une complication majeure menagant la survie et le pronostic fonctionnel des
patients. L’objectif de I'étude était d'évaluer les facteurs prédictifs de transformation
hémorragique aprés thrombectomie mécanique.

Méthodes : Nous avons conduit une étude de cohorte a partir du registre prospectif des
patients avec AVC ischémique de circulation antérieure ayant bénéficiés d’'une thrombectomie
meécanique entre 2015 et 2017. Nous avons analysé les données cliniques (antécédents, score
NIHSS), biologiques (glycémie, plaquettes, tests de coagulation) et radiologiques (ASPECTS
et volume d’infarctus initiaux) de base, les scores de recanalisation angiographiques (mTICI),
et la présence d’'un remaniement hémorragique sur I'lRM de suivi a J-1 selon la classification
ECASS II.

Résultats : Parmi les 643 patients inclus, les facteurs de risque de transformation
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recanalisation intracranienne. Les déterminants d’hémorragie intracranienne symptomatique
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risque et la recanalisation un facteur protecteur mais ces associations n’étaient pas
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Conclusion : Les facteurs de risque de transformation hémorragique des Iésions ischémiques
aprés thrombectomie étaient similaires a ceux aprés thrombolyse IV a I'exception de I'age et
du NIHSS. La recanalisation était un facteur de risque de transformation hémorragique mais
semblait protéger du sICH.
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