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EVALUATION DES FACTEURS DE RISQUE DE TRANSFORMATION
HEMORRAGIQUE SYMPTOMATIQUE APRES UN TRAITEMENT
COMBINE PAR THROMBOLYSE INTRAVEINEUSE ET
THROMBECTOMIE MECANIQUE A LA PHASE AIGUE DE
L’INFARCTUS CEREBRAL

INTRODUCTION

Les accidents vasculaires cérébraux (AVC) sont actuellement la seconde cause de mortalité
dans le monde, causant 6,3 millions de déces par an (1). lls sont aussi la seconde cause de
handicap (2). En France, on estime a 140 000 le nombre d’AVC par an. Les infarctus
cerébraux représentent 80 a 90% des AVC (3). Avec le vieillissement de la population, nous
pouvons nous attendre a une augmentation de ces taux lors des prochaines décennies.

En 1995, un essai thérapeutique a démontré ’efficacité sur la mortalité et le handicap de la
thrombolyse intraveineuse par rt-PA (recombinant tissue plasminogen activator) chez les
patients souffrant d’infarctus cérébral, si administrée dans les 3 heures suivant le début des
signes (4). A la suite d’une serie d’essais thérapeutiques (5-10), ’ESO (European Stroke
Organisation) a publié en 2015 des recommandations a propos de I’utilisation de la
thrombectomie mécanique dans les 6 heures suivant le début des symptémes (11).
Actuellement, I’utilisation de la thrombolyse intraveineuse est recommandée jusqu’a 4,5
heures suivant le début des symptémes, et une étude récente a démontré de bons résultats si
utilisée entre 4,5 et 9 heures parmi les patients chez qui persiste du parenchyme cérébral en
souffrance mais non nécrose selon une imagerie de perfusion (12). De plus, I’étude DAWN a
démontreé I’efficacité et la sécurité de la thrombectomie mécanique dans les 24 premiéres
heures s’il existe un mismatch entre le déficit clinique et le parenchyme cérébral infarci (13).

Si disponible, le traitement recommandé a la phase aigué de I’infarctus cérébral est

13
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I’utilisation combinée de la thrombolyse intraveineuse et de la thrombectomie mécanique

(14).

La complication la plus fréquente et la plus crainte de cette thérapie de revascularisation est
I’hémorragie intracranienne.

Le taux de transformation hémorragique symptomatique est estimé a 6-8% apres thrombolyse
intraveineuse (15-18) et entre 4% et 7% apres thrombectomie mécanique seule (19,20).
L’hémorragie intracranienne symptomatique a un impact négatif sur le pronostic clinique, son
effet étant dépendant de la définition utilisée. L’hémorragie intracranienne symptomatique
selon la définition ECASS-II a un taux de score mRS 5 ou 6 (Modified Rankin Scale) a 3
mois de 11,3% et un taux de mortalité a 3 mois de 9,3% (21). Le pronostic varie également en
fonction du type radiologique de la transformation hémorragique, I’hématome
parenchymateux de type 2 (PH-2) selon la classification radiologiqgue ECCAS-I11 est associé a
une surmortalité a 3 mois avec un odds ratio de 18,0 (22). En revanche, I’impact des autres
types de transformation hémorragique (infarcissements hémorragiques et hématomes
parenchymateux de type 1) est incertain, des études n’ayant pas retrouvé d’association avec
un pronostic fonctionnel défavorable a 3 mois (23).

Plusieurs facteurs de risque de transformation hémorragique ont été établis pour la
thrombolyse intraveineuse et la thrombectomie mécanique respectivement, mais il existe peu
d’études s’intéressant aux facteurs de risque de transformation hémorragique a la suite d’un
traitement combiné par thrombolyse et thrombectomie. De plus, la majorité des études ont été
réalisées sur des populations asiatiques, qui ont des difféerences déemographiques significatives
avec les populations caucasiennes puisqu’il est connu que 1’athérome intracranien est

davantage présent dans les sujets asiatiques et que les sujets caucasiens présentent plus
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fréquemment de ’athérome extracranien (24,25), ceci limitant la généralisation des résultats

aux populations caucasiennes.

De nombreux facteurs de risque ont été etablis avec de fortes preuves, tels que I’hypertension
artérielle (26), I’hyperglycémie (27), les signes radiologiques précoces d’infarctus (28), alors
que d’autres sont débattus en fonction des études. L’age est par exemple associé a un
surrisque de transformation hémorragique selon certaines études (26,29) tandis que d’autres
tendent a infirmer cette association (30,31). L’effet d’un traitement préalable a I’AVC par
antiagrégant n’est pas bien établi. L utilisation de la double anti-agrégation plaquettaire orale
est parfois associée a un surrisque important (26,32) alors qu’une large étude européenne
rétrospective n’a pas retrouvé d’association avec la survenue d’une transformation
hémorragique (33). En fonction des essais, 1’utilisation préalable d’une simple anti-agrégation
est soit associé a un surrisque modeéré, avec des odds ratio variant entre 1,18 (34) et 1,8
(26,35), soit n’est pas associée avec un surrisque (32,36).

Il existe donc de nombreuses incertitudes concernant 1’identification des facteurs de risque de
transformation hémorragique intracranienne et un manque de données objectives concernant
les complications hémorragiques apres un traitement combiné de revascularisation.

Les objectifs de cette étude sont de mieux identifier les facteurs de risque d’hémorragie
intracranienne symptomatique, son taux de survenue et son effet sur le pronostic clinique a 6
mois d’un traitement combiné par thrombolyse intraveineuse et thrombectomie mécanique a

la phase aigué de I’infarctus cérébral, dans une population caucasienne.
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Rappels de physiopathologie de la transformation hémorragique

Les transformations hémorragiques peuvent étre spontanées mais sont le plus souvent la
conséquence de la reperfusion. 85 a 90% d’entre elles surviennent dans les 24 heures suivant
celle-ci et celles survenant apres 36h sont exceptionnellement attribuables au traitement de
revascularisation (37). Le principal mécanisme de cette complication est I’augmentation de la
perméabilité de la barriere hémato-encéphalique (BHE) qui est fortement majorée par la
recanalisation (38) et médiée par différentes voies cellulaires et protéiques (39). La BHE est
principalement constituée de cellules endothéliales reliées par des jonctions serrées et
entourées d’une lame basale, de péricytes et d’astrocytes. Les transformations hémorragiques
symptomatiques résultent le plus souvent de la destruction massive des jonctions serrées (40).
L’augmentation de la perméabilité de la BHE est observée dés la phase hyperaigue, causée
par le stress oxydatif engendré par le phénomene d’ischémie-reperfusion (41). Ce stress
oxydatif est responsable de la formation de dérivés reéactifs de ’oxygéne dont des radicaux
libres qui endommagent ’ensemble des composants cellulaires. Les principales sources de ce
stress oxydatif sont la NADPH oxydase et les mitochondries (présentes en grande quantité
dans les cellules endothéliales et les neurones). Ces derniéres sont aussi impliquées dans la
nécrose cellulaire : I’ischémie prolongée augmente la perméabilité mitochondriale, entrainant
I’entrée de calcium responsable de Iésions mitochondriales donc la diminution de la
production d’ATP et de la mort des cellules endothéliales (42,43). La reperfusion est
également responsable de la fragmentation mitochondriale, causant 1’apoptose neuronale (44).
Les leucocytes jouent un rdle central dans les hémorragies apres revascularisation. Via des
signaux chimiotaxiques apparaissant entre 3 et 72 heures suivant la reperfusion, ils adhérent a
I’endothélium et libérent des métalloprotéinases matricielles (MMP). Ces derniéres sont

responsables d’une destruction des jonctions serrées et de la lame basale (45,46), a la suite de
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laquelle les leucocytes circulants infiltrent le parenchyme cérébral créant une inflammation

locale. L’alteplase est connue pour amplifier ce phénomene par augmentation du relargage
des MMP-9 (47). Un régulateur important de cette adhérence leucocytaire est la P-sélectine,
dont la production est augmentée par les radicaux libres et I’activation plaquettaire.
L’activation plaquettaire est également connue pour générer des radicaux libres et des facteurs
pro-inflammatoires, et est partiellement médiée par la sérotonine (48), pouvant expliquer le
risque hémorragique de molécules inhibant la recapture de la sérotonine (49).

L’hypertension artérielle, par le biais du systéme rénine-angiotensine active la production de
MMP (50), de dérives réactifs de 1’oxygene (51), et de molécules pro-inflammatoires (52)
causant des dommages de la BHE. Elle est également responsable d’une diminution de
I’expression de protéines des jonctions serrées (53,54). Le remodelage vasculaire chronigue
causé par I’hypertension artérielle entraine une dysfonction endothéliale, une fragilité de la
paroi et une raréfaction vasculaire augmentant la penombre (52).

En dehors de I’augmentation du taux de MMP-9, de la coagulaopathie et de la
revascularisation engendrées par I’ Alteplase, il est suspecté une toxicité des produits de
contraste utilisés en imagerie sur la lame basale (55) et la mitochondrie (56). La
thrombectomie mécanique engendre un traumatisme direct sur 1’endothélium mais également

un risque de rupture artérielle.

La connaissance de ces mécanismes physiopathologiques est une aide a la meilleure
compréhension et I’identification des facteurs de risque de transformation hémorragique apreés
un traitement de revascularisation. Des molécules inhibant ces différentes voies pourraient
étre dans I’avenir des options de prévention et de traitement de la transformation

hémorragique (57) .
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RISK FACTORS OF SYMPTOMATIC INTRACRANIAL
HAEMORRHAGE AFTER A COMBINED TREATMENT OF
INTRAVEANOUS THROMBOLYSIS AND MECANICAL
THROMBECTOMY IN ACUTE ISCHEMIC STROKE PATIENTS

Introduction:

Symptomatic Intracranial Haemorrhage (sICH) is the most frequent complication of
revascularisation therapy at the acute phase of brain infarct, and it has a negative impact on
the short-term and long-term clinical prognosis. The aim of this study is to better identify the
risk factors of sSICH after a combined therapy by thrombolysis and thrombectomy, and its
effect on the prognosis at 6 months.

Materials and methods:

We prospectively analysed the data from 176 patients who underwent combined
revascularisation therapy in the hospital of Dijon, France from January 2016 to June 2019.
Demographic, clinical, imaging data (either by MRI or CT-scan) were collected at the
hospital admission and during hospitalisation. sSICH was assessed according to the ECASS-I11
definition: clinical deterioration defined by a worsening in NIHSS score of > 4 points or death
caused by any haemorrhage on imaging. Mortality at 6 months was assessed. Univariate
analyses were performed.

Results:

Fifteen (8.5%) of 176 patients developed sICH. Those patients had a more frequent history of
alcohol abuse (30.1% vs 9.7%, p = 0.02), of prestroke dual anti-platelet therapy (14.3% vs
1.3%, p = 0.002), a higher median NIHSS score (20 vs 14.5, p = 0.01), a more frequent
alteration of consciousness (33.3% vs 11.4%, p = 0.01), a higher median systolic blood
pressure (175 vs 150.5, p = 0.02) and a higher rate of systolic blood pressure > 160mmHg
(77.7% vs 36.1%, p = 0.01) than patients without sICH at admission. Leukoaraiosis (100% vs
44.7%, p = .001), intracranial atheroma (75% vs 49.6%, p = 0.02) and intracranial vascular
calcifications (86.6% vs 47.7%, p = 0.004) were imaging risk factors of sSICH, as well as
several biomarkers of inflammation such as median Neutrophil-to-Lymphocyte ratio (6.1 vs
4.1, p = 0.02) and median Neutrophil-to-Platelets (.81 vs .62, p = 0.04). Mortality rate was
much higher amongst patients who developed sICH (60% vs 18%, p < 0.001).

Conclusion :

History of alcohol abuse, prestroke dual anti-platelet therapy, NIHSS score, alteration of
consciousness, systolic blood pressure > 160mmHg, leukoaraiosis, intracranial atheroma and
biomarkers of inflammation were associated with a greater risk of sSICH. The presence of
sICH was vastly associated with poor clinical outcomes at 6 months.

KEY-WORDS : STROKE, CEREBRAL INFARCT, INTRAVENOUS THROMBOLYSIS, MECHANICAL THROMBECTOMY,
SYMPTOMATIC HEMORRAGIC TRANSFORMATION

18



UFR

+
SCIENCES
DE SANTE ' Université de Bourgogne

DIJON

UFR des Sciences de Santé

Circonscription Médecine

RISK FACTORS OF SYMPTOMATIC INTRACRANIAL
HAEMORRHAGE AFTER A COMBINED TREATMENT OF
INTRAVENOUS THROMBOLYSIS AND MECANICAL
THROMBECTOMY IN ACUTE ISCHEMIC STROKE PATIENTS

INTRODUCTION

Stroke is the second leading cause of death worldwide, causing an estimate of 6.3 million
deaths yearly (1). It is also estimated to be the second cause of disability with 116 million
disability-adjusted life-years (DALYS) per year worldwide (2). Those numbers are expected
to rise as the population ages. Acute ischemic strokes (AlIS) account for 80 to 90% of total
strokes (3,58).

In 1995, intravenous thrombolysis (IVT) using recombinant tissue plasminogen activator (rt-
PA) was shown to reduce both mortality and disability at 3 months amongst patients suffering
from acute ischemic stroke if treated within 3 hours after the onset of the symptoms (4).
Following a series of clinical trials (5-10), the European Stroke Organisation (ESO) published
in 2015 recommendations for the use of mechanical thrombectomy (MT) within 6 hours
following the onset of symptoms (11).

Currently, thrombolysis is recommended up to 4.5 hours after the onset of the symptoms, and
a recent trial has shown good outcomes if used between 4.5 and 9.0 hours amongst patients
with salvageable brain tissue according to automated perfusion imaging (12). Furthermore, the
DAWN trial has shown efficacy and safety of the thrombectomy within 24 hours if there is a
mismatch between the clinical deficit and the infarct (13). If available, the standard of care for
an acute ischemic stroke is the combination and IVT and MT (14).

The most common and feared complication of these revascularization therapies is intracranial

haemorrhage.
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Symptomatic intracranial haemorrhage (sICH) rate is estimated around 6-8% after IVT (15—

18) and between 4% and 7% after MT alone (19,20).

SICH is known to have a negative impact on clinical outcome, its effect depending on the
definition. ECASS-II definition sICH has the highest 3-month modified Rankin Scale (mRS)
5-6 rate at 11.3% and the highest mortality rate at 3 months at 9.3.% (16). The prognosis also
varies according to the radiologic type of haemorrhagic transformation, as parenchymal
hematoma type 2 (PH-2) according to ECASS-II classification has an 18.0 OR for mortality at
3 months (22). However, the impact of other types of haemorrhagic transformation (HI and
PH-1) is unclear as they don’t seem to be associated with a poor functional outcome or death
at 3-month (23).

Several risk factors for haemorrhagic transformations have been established for both IVT and
MT, but there is less evidence concerning risk factors after a combined treatment of IVT and
MT. Moreover, most of the studies have been conducted in the Asian population, which has
some remarkable demographic differences with the Caucasian population as a more frequent
intracranial arteriosclerosis in contrast to extracranial arteriosclerosis, more common in
Caucasians (24,25), therefore limiting studies generalization to Western populations.

Many risk factors of HT after revascularization have been well established, such as
hypertension (26), hyperglycemia (27), history and early radiographic signs of stroke (28) and
some of them are very debated across studies. Age for example is associated with
haemorrhagic transformations according to certain studies (26,29) whereas others tend to
refute this association (30,31). Prestroke antiplatelet use effect on thrombolysis is unclear. The
use of dual anti-platelet therapy (DAPT) was sometimes vastly associated with a higher risk

(26,32) while a retrospective analysis showed no significant association (33). Depending on
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studies, the use of a single antiplatelet agent was either reported having a higher risk, with

small ORs that varied between 1.18 (34) and 1.8 (26,35), or no risk at all (32,36).

There is a certain number of uncertainties in sSICH risk factors identification and a lack of
evidence-based data on the haemorrhagic complications following a combined
revascularization therapy.

The aim of this study is to better identify the risk factors of sSICH after a combined treatment
of IVT and MT in acute cerebral infarction, its rate and its effect on the 6-month clinical

outcome in a Caucasian population.

METHODS

Subjects

Patients in this study were part of the PARADISE study. The Prognosis After
Revascurarisation therApy in the Dijon Ischemic Stroke Evaluation (PARADISE) Study was
a single-center prospective observational cohort study conducted from January 2016 to June
2019 at Dijon University Hospital (NCT02856074). Consecutive patients aged 18 years or
older were included if they had acute ischemic stroke treated with acute revascularization
therapy (either IVT and/or MT). Patients (or their relatives in case of difficulty understanding
for patients) received information about the study and gave their oral consent to participate
according to the French legislation. The study was approved by a French ethic committee
(CCP Est I, IRB number: 2015-A01664-45).

For this current study, we extracted data for patients who underwent a combined therapy of

IVT and MT. Patients were divided into two groups: patients developing a sICH and patients
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either free from HT or developing HT with no clinical worsening or a clinical worsening

resulting in an aggravation of the NIHSS of 3 points or less.

IVT was performed according to the guidelines, using recombinant tissue plasminogen
activator (rt-PA) at the posology of 0.9mg/kg.

MT was performed by a trained neurointerventionalist, using FDA-approved Retriever stent.
If indicated by the interventionist, internal carotid balloon-angioplasty with stenting (using
Wallstent stent) was performed. General anaesthesia was performed at the discretion of the
interventionalist. The intraarterial rt-PA was not performed.

After treatment, every patient was admitted to a stroke unit.

Data collection

Variables such as prestroke medical history, treatments, habits of life were collected within
the first days after the admission from the patient, the patient’s family or general practitioner,
or by examining medical files. Functional status was assessed according to the premorbid
modified Rankin Scale (mRS). The prestroke cognitive status was divided into 3 groups (no
cognitive impairment, mild cognitive impairment, and major cognitive impairment).

Stroke severity at onset was defined by the National Institutes of Health Stroke Scale
(NIHSS), ranging from 0 to 42. At the hospital admission, patients underwent CT-
angiography or MRI 1,5T or MRI 3T depending on availability.

Haemorrhagic transformations (HT) were assessed after a systematic imaging by CT-scan or
MRI at 24 hours or an optional imaging depending on the clinical evolution. They were
defined according to the ECASS-II classification : small petechiae at the margins of the
infarcted area (HI-1), confluent petechiae within the infarct without mass effect (HI-2),

hematoma occupying 30% or less of the infarcted area (PH-1) and hematoma in more than
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30% of the infarcted area with mass effect (PH-2) (59). Symptomatic intracranial

haemorrhage (sICH) was defined as haemorrhage at any site of the brain causing an increase
in the NIHSS score of 4 or more points.

Vascular variables were assessed according to CT-angiography and Doppler ultrasonography.
The presence of leukoaraiosis was evaluated by MRI with a fluid attenuated inversion
recovery (FLAIR) sequence. Susceptibility weighted imaging (SWI) and gradient-recalled
echo (GRE) T2* weighted imaging were used to detect cerebral microbleeds. The presence of

vascular calcifications was assessed according to CT-scan.

Statistical analysis

Categorical variables are expressed as frequencies and percentages. Continuous variables are
expressed as means + standard deviations (SD) for normal distribution or medians
[interquartile ranges (IQRs)] for non-normal distribution. We assessed the normality of
continuous variables graphically using histograms and the Shapiro-Wilk test. The association
with sICH was assessed with Student’s t test or Mann-Whitney U test for continuous variables
and using the y 2 test or Fisher’s exact test for categorical variables. Statistical significance
was assessed according to the two-tailed a level of 0.05. Statistical analysis was performed on

Stata 13.1.
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RESULTS
Paradise study
n =900
IVT alone IVT + MT MT alone
n=425 n=176 n=29
‘ !
sICH No sICH
n=15 n=161
S 7y B
GFO (mRS=0-2) BFO (mRS=3-6) Lost at follow-up GFO (mRS 0-2) BFO (MRS 3-6) Lost at follow-up
n=1(7%) n =13 (86%) n=1(7%) n =75 (47%) n = 70 (43%) n =16 (10%)

Figure 1. Study flowchart.
BFO : Bad Functional Outcome, GFO : Good Functional Outcome, IVT : Intravenous Thrombolysis, mRS :
modified Rankin Scale, MT : Mechanical Thrombectomy, sICH : symptomatic intracranial haemorrhage

Patients characteristics

We recruited 176 patients with an average age of 68.7 +/- 1.2 years. Eighty-four (47.7%)
patients were male. Seventy-six (43.1%) received the whole treatment in Dijon hospital, while
100 (56.9%) received Alteplase in a community hospital and MT in Dijon hospital.

Eight (4.7%) patients had an internal carotid artery occlusion, 32 (18.7%) a tandem occlusion,
84 (49.1%) a M1 occlusion, 14 (8.2%) a M1-M2 occlusion, 12 (7%) a M2 occlusion, 20
(11.7%) a basilary artery occlusion and 1 (0.5%) a vertebral artery occlusion.

The mean time-to-needle was 171.3 minutes, the mean time-to-puncture was 308.6 minutes.
Fifteen (8.5%) patients presented a sSICH. Every one of those sSICH was detected within the
first 36 hours after the revascularization. No patient in the sICH group received antiplatelet or
anticoagulant therapy before an imaging (either by CT-Scan or MRI) within the first 24 hours

after the treatment.
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SICH risk factors

Regarding the demographic variables and history of patients (Table 1), only active alcohol
abuse (30.1% vs 9.7%, p = 0.023) was associated with a higher risk of SICH. Age and gender
were not associated with sICH.

Dual anti-platelet therapy (Table 2) was associated with sSICH (14.3% vs 1.3%, p = 0.002), as
it occurred in 50% of patients treated with DAPT. It was not the case for mono anti-platelet
therapy, both for Aspirin and Clopidogrel. There was a trend towards a higher risk concerning
the use of any hypertensive drug (p = 0.08).

At hospital admission (Table 3), patients who developed sICH had a higher median NIHSS
(20.5 [14-24] vs 15 [9-20], p = 0.01) and higher rate of consciousness alteration (33.3% vs
11.4%, p = 0.01). Systolic blood pressure (SBP) treated as a continuous variable was also
associated with sICH (p = 0.02), as well as a SBP > 160mmHg (p = 0.01).

SICH was associated with markers of cerebral vascular disease such as intracranial
calcifications (p = 0.004), leukoaraiosis (p = 0.001) and intracranial atheroma (p = 0.02), and
with biomarkers of inflammation (Table 4) such as Neutrophil-to-Lymphocytes ratio (p =

0.02) and the Neutrophil-to-Platelets ratio (p = 0.04).

Prognosis

Mortality at 6 months in patients who developed sICH was very high as 9 (60%) patients died
(vs 27 (17%) in the control group, p < 0.001) and only 1 (7%) patient had a good functional
outcome defined by a mRS from 0 to 2 (vs 75 (47%) in the control group, p < 0.001). One

patient in the sICH group was lost to follow-up at 6 months, vs 10 in the no-SICH group.
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Variables SICH no-siCH p
(n=15) (n=161)
Age (years), mean £ SD 70.7+8.5 68.5 £ 16.6 .60
Male, n (%) 8 (53) 76 (48) .88
Smoking, n (%) 7 (53.6) 76 (52.7) .94
Alcohol abuse, n (%) 4 (30.1) 14 (9.7) .023
BMI, median [IQR] 25.5[22.2-29.7] 26.1[23.5-29.3] .62
Hypertension, n (%) 10 (66.6) 89 (56.6) .45
Diabetes mellitus, n (%) 3 (20) 22 (14) .54
Dyslipidaemia, n (%) 4 (26.6) 40 (25.6) .93
Kidney failure, n (%) 1 (6.6) 4 (2.5) .36
Cardiac failure, n (%) 1(7.2) 7(4.7) .70
Depression, n (%) 3 (20) 17 (11.3) .32
Stroke history, n (%) 1 (6.6) 13 (8.4) .81
Sleep apnoea syndrome, n (%) 3(21.4) 15 (9.7) A7
Cognitive impairement, n (%) 0(0) 17 (11.1) 22
Atrial Fibrillation, n (%) 4 (28.5) 49 (31.6) .81
Table 1. Demographic variables.
IQR : Interquartile range, SD : Standard Deviation, sSICH = symptomatic intracranial haemorrhage.
Variables SICH no-siCH p
(n=15) (n=161)
Aspirin alone, n (%) 1(7.1) 26 (17.1) .33
Clopidogrel alone, n (%) 0(0) 2(1.3) .66
DAPT, n (%) 2 (14.3) 2 (1.3) .002
Anticoagulants, n (%) 0(0) 10 (6.5) .32
Antihypertensive (any), n (%) 12 (85.7) 96 (62.5) .08
Beta-blockers, n (%) 6 (42.8) 55 (35.4) .62
ACE inhibitors, n (%) 3(21.4) 26 (17.1) .68
Calcic inhibitors, n (%) 4 (28.5) 22 (14.4) .16
Diuretics, n (%) 5(35.7) 48 (31.5) .75
ARBs, n (%) 1(7.1) 32 (21.0) 21
Antidiabetics, n (%) 1(7.1) 10 (6.5) .93
Statins, n (%) 4 (28.5) 29 (19.0) .39
SSRIs/SNRIs, n (%) 2 (14.2) 9 (5.8) .22
Antipsychotics, n (%) 1(7.1) 4 (2.6) .33

Table 2. Prestroke treatments.

ARB = Angiotensin receptor blockers, ACE = Angiotensin-converting enzyme, DAPT = Dual Antiplatelet
therapy, sICH = symptomatic intracranial haemorrhage, SNRI = Serotonin and Norepinephrine Reuptake
Inhibitor, SSRI = Selective Serotonin Reuptake Inhibitor
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Variables SICH no-siCH p
(n =15) (n=161)

Wake-up stroke, n (%) 3 (20) 17 (10.7) .34
Transfer from community hospital, n (%) 10 (66.6) 88 (55.3) .39
NIHSS, median [IQR] 20 [13-24] 14.5[8.5-19.5] .01
Alteration of Consciousness, n (%) 5(33.3) 18 (11.4) .01
Capillary glycemia, median [IQR] 1.23[1.16-1.39] 1.15[.99-1.34] .16
Systolic BP mmHg, median [IQR] 175 [164-181] 150.5[136-170] .02
Systolic BP > 160mmHg, n (%) 7(77.7) 39 (36.1) .01
Systolic BP > 150mmHg, n (%) 7(77.7) 56 (51.8) A3
Diastolic BP mmHg, median [IQR] 89 [84-92] 81 [70-88] .053
Diastolic BP >80 mmHg, n (%) 8 (88.8%) 63 (58.8%) .07
MRI before treatment, n (%) 8 (53.3) 62 (38.9) 27
Exact location of occlusion, n (%) .32

ICA, n (%) 0 (0) 8 (5.1)

Tandem or T-occlusions, n (%) 5(33.3) 27 (17.3)

M1 or M1-M2, n (%) 8 (50) 90 (58.0)

M2, n (%) 2 (12.5) 10 (6.5)

Basilar or vertebral artery, n (%) 0(0) 21 (13.5)
Anterior circulation vs posterior circulation, n (%) A2

Anterior, n (%) 15 (100) 134 (86)

Posterior, n (%) 0 (0) 21 (14)
Time to needle, median [IQR], min 140 [110-180] 164.5 [134-205] .36
Time to groin puncture, median [IQR], min 362 [241-456] 293 [185-392] 41
Procedure time, median [IQR], min 54 [41-90] 50 [39-69] 31
General anaesthesia, n (%) 7 (46.6) 60 (38.4) .53
Successful reperfusion (TICI 2b/3), n (%) 9 (75.0) 107 (82.3) 91
ICA stenting, n (%) 2 (13.3) 13 (8.9) 51
Presence of cerebral microbleeds, n (%) 0(0) 8 (7.9) A1
Presence of Intracranial Calcifications, n (%) 13 (86.6) 69 (47.7) .004
Intracranial atheroma, n (%) 12 (75.0) 73 (49.6) .02
Leukoaraiosis, n (%) 10 (100) 51 (44.7) .001
Extracranial atheroma, n (%) 9 (75) 97 (66.8) .56
ICA stenosis, n (%) 3(25.0) 32 (22.5) .84
Cardio-embolic stroke, n (%) 5(33.3) 69 (46.0) .34
Large-artery-atherosclerosis stroke, n (%) 3 (20) 27 (18.4) .84

Table 3. Clinical and imaging variables.

BP = Blood pressure, ICA = internal carotid artery, IQR = Interquartile range, MRI = Magnetic imaging
resonance, NIHSS = National institute of health stroke score, sSICH = symptomatic intracranial haemorrhage,

TICI = Thrombolysis in cerebral infarction scale.
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Variables SICH no-siCH p
(n =15) (n=161)

CRP (mg/L), median [IQR] 6.1 [3.5-25.8] 5.4 [2.9-13.4] .40
Leukocytes, median [IQR] 11.1[9-14.1] 9.7 [7.8-11.8] A2
Platelets, median [IQR] 214.5[193-268] 225 [187-263] .78
TSH, median [IQR] .95 [.67-1.78] 1.08 [.60-1.75] .93
HbAlc, median [IQR] 5.8 [5.6-6.0] 5.8 [5.5-6.2] 73
Creatinine, median [IQR] 72.5 [59-82] 71.0 [60-82] .76
Troponin I, mean + SD .08 .16 A7+84 .75
Monocytes-to-HDL, median [IQR] .65 [.60-.81] .54 1.38-.77] 14
Neutrophil-to-Lymphocytes, median [IQR] 6.1[3.8-10.2] 4.1[2.5-6.9] .02
Neutrophil-to-Platelets, median [IQR] .81[.71-.87] .62 [.72-.81] .04
LDL cholesterol, median [IQR] 3.4[3.1-3.5] 2.8 [2.1-3.6] .08
HDL cholesterol, median [IQR] 1.23[1.17-1.35] 1.29[1.04-1.51] .90
Total cholesterol, median [IQR] 5.15 [4.89-5.70] 4.64 [3.92-5.57] .07

Table 4. Biological variables.

CRP = C-reactive protein, HbAlc = Haemoglobin Alc, HDL = High density lipoprotein, LDL = Low density
lipoprotein, sSICH = symptomatic intracranial haemorrhage, TSH = Thyroid-stimulating hormone.

DISCUSSION

Symptomatic haemorrhagic transformation according to the ECASS-I1 definition occurred in
8.5% of our patients, which is slightly higher than the 5-8% rate in the clinical trials
evaluating IVT or MT (60). A meta-analysis on 4254 patients receiving a combined therapy
found a 6.8% rate of SICH (61). This small difference can be explained by the clinical severity
as the median NIHSS score in our study was 15 and by the heterogeneity of definitions used
in studies, as the ECASS-I11 definition is not as restrictive as others. Moreover, a recent trial
comparing MT alone vs MT and IVT in an Asian population showed a 10% rate of SICH in
the combined group (64). We used the ECASS-II definition of sSICH as it was demonstrated to
be clinically relevant, having a good correlation with clinical outcome (62) and the highest
interrater agreement rate (63).

The main risk factors seem to be markers of cerebral vascular disease concerning both large
and small vessels, as intracranial calcifications (ICAC), intracranial atheroma and

leukoaraiosis are strongly associated with the presence of sICH in our study. This is quite
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consistent with the existing literature, as ICAC (65) and leukoaraiosis have been shown to be

predictive of haemorrhagic transformation after revascularisation therapy (66) which could be
explained by small vessel fragility, damaged blood-brain-barrier (BBB) (67) and platelet
hyper-aggregability (68) reducing tissue perfusion after revascularization. There was no
difference in sICH incidence according to the severity of leukoaraiosis. Leukoaraiosis is also
known to be associated with poor outcome at 90 days independently of revascularisation
therapy and haemorrhagic transformation (69,70). Interestingly, extracranial atheroma and
ICA stenosis were not correlated with sICH.

Atrial fibrillation is known to increase the risk of HT (71,72) but we did not find any
association in this study. This could be explained by the high early mortality rate as 6 patients
(40%) in the sICH group died within the first days, therefore not enabling us to perform ECG
Holter or echocardiography.

Regarding prestroke treatments, DAPT was associated with a greater risk of sSICH but we
believe this result should be taken with precaution as only 4 patients in our cohort followed
that therapy. Data about DAPT is contradictory in thrombolysis : a meta-analysis performed
on 30,000 patients found an OR a 3.2 (26) while another one on 75,000 European patients
showed no association (33). As reported before, use of selective serotonin reuptake inhibitors
(SSRI) and serotonin and norepinephrine reuptake inhibitors (SNRI) is associated with a
higher risk of haemorrhagic stroke (73).We did not find any association between the use of
those drugs and sICH. Statin use has sometimes been associated with a greater risk of
developing HT (74), but this was not the case in this study. More interestingly, low LDL
cholesterol serum level was shown to be an independent risk factor (75-79) but in our

population, patients with sICH actually tended to have higher LDL cholesterol and total
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cholesterol serum levels. This could be the result of a confusion bias as patients with

cerebrovascular disease are known to have greater LDL-c serum level (80).

We also evaluated several biomarkers of inflammation such as Neutrophil-to-Lymphocyte
ratio (NLR) and Neutrophil-to-Platelet ratio (NPR), as inflammation is believed to play an
important role in both intracerebral haemorrhage and haemorrhagic transformation of
ischemic stroke (81). As reported before, we found that patients with sSICH had higher
leukocytes count, NLR (82-84) and NPR (85). Those results could be explained by an
inflammatory reaction caused by the parenchymal hypoxia, neutrophils being amongst the
first cells to penetrate the infarcted tissue . They are known to damage both the blood-brain-
barrier (BBB) and the adjacent parenchyma after a stroke in mice (86). In human models, rt-
PA was shown to induce an early neutrophil degranulation of several toxic products : matrix
metalloproteinases (MMP) -8 and -9, myeloperoxidase and neutrophil elastase (87). MMP-9
in particular is known to disrupt the BBB by its gelatinolytic activity (46,88) leading to several
brain injuries such as HT (82,89) and oedema (90).

Current guidelines about IVT recommend achieving a BP lower than 185/110mmHg before
starting the treatment (14). These guidelines also recommend a BP lower than 180/110mmHg
during MT based on very limited data (Class Ila recommendation). In our study, it seems that
even a lower systolic BP is at risk, as patients having a SBP > 160mmHg had a higher risk of
sICH. This result could raise questions about the objectives of blood pressure before
administering a combined revascularization therapy. However, it is still unknown if high BP
is actually a causal factor of HT or a marker of stroke severity and poor collaterals as
spontaneous high BP is a compensatory mechanism to maintain adequate brain perfusion (91).
Moreover, a SBP >150 mmHg could be beneficial to keep collaterals open while the artery is

still occluded (10). The use of transdermal glyceryl trinitrate in the prehospital stage in
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patients presenting with acute stroke symptoms has shown to lower BP, with a trend towards

a smaller rate of HT, but with no effect on the functional outcome (92). A randomised clinical
trial evaluated the benefit of an intensive blood pressure control during and after thrombolysis
with an objective of systolic BP between 130 and 140mmHg versus standard care (93). It
showed a significantly lower incidence of HT but with no impact on the sICH incidence and
the mRS, but the difference of BP was actually small between the two groups (mean SBP
146.2mmHg in the intensive care group vs 152.7mmHg in the standard care group). The
underlying mechanisms of HT caused by hypertension are mostly BBB disruption by increase
of pro-inflammatory cytokins (94), activation of MMPs (50), decreased endothelial endothelial
tight junction proteins (54) and oxidative stress causing endothelial cell dysfunction (51); as
well as chronic hypertension leading to vascular remodelling and microvascular rarefaction
causing poor collateral circulation (52).

The presence of cerebral microbleeds (CMBs) was not associated in this study with a higher
risk of sICH. However, both the rate and the number of CMBs were low in this cohort : none
of the patients presented with 10 or more CMBs. A recent meta-analysis on 2407 patients
showed that patients with CMBs had an increased risk of sSICH with a very moderate RR of
1.51 therefore not pleading in favour of the presence of CMBs being a contraindication of
IVT (95). However, a high CMBs burden defined by > 10 CMBs has been found to be
strongly associated with sSICH as a 2016 meta-analysis found an adjusted OR of 18.17 (96). It
is unclear if MRI before treatment could be beneficial for patients to detect CMB:s if it delays
the revascularization therapy. An algorithm showed a global net benefit of IVT on good
functional outcome at 3 months even amongst patients having a high CMB burden, except for
patients presenting a very high risk of sSICH : age > 80 years and NIHSS > 15, age > 80 years

and NIHSS >5 and IVT delay of > 4 hours, age > 60 years and NIHSS > 15 and IVT delay >
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2 hours (97). For these high risk patients, delaying revascularisation therapy with MRI

acquisition could be justified only if it delays treatment by about 10 minutes or less (97).

Overall, we can identify a general profile of patients developing sICH in our study: patients
with active alcohol abuse, elevated systolic BP at the admission, high LDL cholesterol and
total cholesterol serum level with signs of cerebral vascular disease in both large vessels with
calcifications, and small vessels with the presence of leukoaraiosis on MRI. This should help
us better select our patients before using a combined revascularisation therapy and use it with
precaution, especially since a recent trial showed no difference in efficacy between MT alone
vs MT and IVT in anterior circulation occlusions (63) and since meta-analyses showed
contradictory results concerning the 90-day outcome (61,98,99) concerning the 90-day

outcome.

The main limits of our study were the single-center design limiting generalization and a small
number of patients with sSICH preventing us from performing a logistic regression with
sufficient power. Moreover, the MRI was not available for every patient as it was performed
in only 70% of them. However, we used a “symptomatic” definition of haemorrhagic

transformation, to maintain a clinical relevance and to avoid risk of classification bias.

We identified potential risk factors that should be looked at with precaution before
administrating a combined revascularisation therapy, as the mortality and disability rates are
very high among patients developing sICH. Further studies with a larger population would be

necessary to corroborate our findings.
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CONCLUSIONS

L’objectif de ce travail &ait détudier les différents facteurs de nisque démographiques,
cliniques, biologiques et d'imagerie des transformations hémomagiques symplomatiques
aprés un traitement combiné de revascularisation par thrombolyse intraveincuse et
thrombectomie mécanique a la phase aigué des infarctus cérébraux, d'en déterminer la
prévalence, de la comparer aux traitements non combinés, et d’en étudier IMimpact sur le
pronostic clinique 6 mois aprés 1"occlusion antérielle. La réalisation de ce travail était motivée
par le faible nombre d’éudes s'intéressant spécifiquement aux transformations hémorragiques
aprés un traitement combiné de revascularisation et la surreprésentation des populations
asiatiques dans les éudes de 1'infarctus cérébral.

Celui-ci a été réalisé a partir de la base de données de I'étude PARADISE, regroupant les
données sur 'ensemble des patients ayant bénéficié d’un traitement de revascularisation a la
phase aigué d’un infarctus cérébral au CHU de Dijon, de janvier 2016 4 mars 2019,

Le taux de transformation hémorragique symptomatique dans notre étude était de 8,5%,
concordant avec la littérature existante.

Nous avons pu identifier sur une analyse univariée un ensemble de facteurs de nisque : la
consommation excessive dalcool, le traitement par double anti-agrégation plaguettaire, la
tension artérielle systolique > 160mmHg 4 1"admission, un déficit clinique sévére, des
troubles de conscience, la présence sur |'imagerie de signes d'athérome intracrinien, de
calcifications vasculaires intracriniennes, de leucoarajose et les biomarqueurs sanguins
d’inflammation,

Nous avons pu déterminer un impact trés négatif sur le pronostic clinique & 6 mois des
transformations hémorragiques symptomatiques, avec un taux de mortalité trés élevée.

La meilleure connaissance de ces différents facteurs de risque pourrait ére une aide a une
meilleure sélection des patients pouvant bénéficier d'un  traitement combiné de
revascularisation, mais le faible effectif dont nous disposons ne nous ayant pas permis de
réaliser une analyse multivariée, des ¢tudes avec des populations plus grandes sont
nécessaires pour connaitre avec plus de précision le profil des patients victimes de
transformations hémorragiques 4 Ia suite d’un traitement combiné.

Vu et permis d'imprimer
Dijon, le 3 Serrenane 2.9
Le Doyen

Le Président du jury,

Pr.Y. BEJOT Pr. M. MAYNADIE
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TiTRe DE LA THESE : EVALUATION DES FACTEURS DE RISQUE DE TRANSFORMATION
HEMORRAGIQUE SYMPTOMATIQUE APRES UN TRAITEMENT COMBINE PAR
THROMBOLYSE INTRAVEINEUSE ET THROMBECTOMIE MECANIQUE A LA
PHASE AIGUE DE L'INFARCTUS CEREBRAL

AUTEUR : MONSIEUR SIMON AMARAL

Objectifs :

La transformation hémorragique symptomatique est la complication la plus fréquente du
traitement de revascularisation de 'accident ischémique cérébral. L'objectif de cette étude
est d’identifier les facteurs de risque de transformation hémorragique symptomatique apres
un traitement combiné par thrombolyse intraveineuse et thrombectomie mécanique, et son
impact clinique a 6 mois.

Matériel et méthodes :

Nous avons analysé rétrospectivement les données de 176 patients qui ont bénéficié d’'un
traitement combiné de revascularisation a I’"h6pital de Dijon. La présence d’une
transformation hémorragique était évaluée par la définition ECASS-II. Des tests statistiques
univariés ont été réalisés.

Résultats :

15 patients (8,5%) ont présenté une transformation hémorragique symptomatique. Les
facteurs de risque retrouvés étaient : une consommation excessive d’alcool (30.1% vs 9.7%,
p =.02), un traitement préalable par double anti-agrégation plaquettaire (14.3% vs 1.3%, p =
.002), le score NIHSS médian (20 vs 14.5, p =.01), la présence de troubles de conscience
(33.3% vs 11.4%, p = .02), une tension artérielle systolique > 160mmHg (77.7% vs 36.1%, p =
.01) a I'admission, la leucoaraiose (100% vs 44.7%, p = .001), I'athérome intracranien (75% vs
49.6%, p = .02), les calcifications intracraniennes (86.6% vs 47.7%, p = .01), le ratio médian
PNN/Lymphocytes (6.1 vs 4.1, p = .02) et le ratio médian PNN/Plaquettes (.81 vs .62, p = .04).

Conclusion :

L'identification de ces facteurs de risque de transformation hémorragique symptomatique
pourrait aider a une meilleure sélection des patients pouvant bénéficier d’un traitement
combiné de revascularisation de I'infarctus cérébral.

MOTS-CLES : INFARCTUS CEREBRAL, AVC ISCHEMIQUE, THROMBOLYSE, THROMBECTOMIE,
REVASCULARISATION, TRANSFORMATION HEMORRAGIQUE SYMPTOMATIQUE
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