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Lésions cérébrales aigues adulte et 
Réanimation

Problème de santé publique et thérapeutique

Incidence Mortalité 30 jours

AVC 25/10000 2/10000
(12000 DC / an en F)

Trauma crânien 20/10000 0.5/10000 
(3000 DC / an en F)

Arrêt cardiaque 6/10000 5/10000
(40000 DC/an en F)

Etat de choc, hypoperfusion cérébrale…..

Chirurgie carotidienne, CEC, neurochirurgie….



Lésions cérébrales aigues

• Population jeune et pronostic sévère

uHypothèse proposée: 

Pronostic  corrélé 
à  la qualité de la prise en charge initiale



27%

50%

65%
75%

Chesnut, J of Trauma; 1993.

n= 717
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Mortality
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Agressions secondaires d’origine systémique
Association identifiée, causalité probable



Lésions cérébrales aiguës: 
Acquisition de lésions « secondaires »

Sensitizing factors

Therapeutic strategies:
Secondary lesions prevention

Primary lesions Secondary lesions



Impact réel Neuro-ICU

Association with an increase in hospital mortality rate 
Prospective 40000 patients ICH  

Impact de la filière NREA/NC/NRI adaptée positif
Rôle de l’autoprophétie ? 

OR IC

REA non spécialisée 3.4 1.7-7.6

Age (/an) 1.03 1.01-1.04

GCS (/point) 0.6 0.58-0.65

REA <10 lits 1.1 1.02-1.13



Bulger Crit Care Med 2002;30: 1870-76

• Mortalité Agressive Centers: 27%
• Mortalité Non agressive Centers: 45% (p=0.01)

Aggressive center

Non-aggressive center
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Epidemiological point of view
for TBI

Failure of Evidence Based Medicine

TBI’s mortality shows a 9% decrease every 10 years since 
1990….

Only 1 study
with Level I recommendation: 
Ineffectiveness of prophylactic steroids2007

165 reviewed studies

Stein SC J Neurosurg 2010

TC est un paradoxe scientifique
Moins de morts sans preuve thérapeutique
Place de la médecine individualisée vs EBM ??



Contusion/Hématome Lésions axonales diffuses HSA traumatique

Hématome extra-dural Hématome sous-dural Œdème diffusl

Il n’y a pas UN traumatisme crânien
mais

DES traumatismes Crâniens
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Paradoxes des prismes

Epidémiologie 
Nationale

Evaluation sur 
population 
sélectionnée (ERC)

Recommandations 
des sociétés savantes 

Médecine individualisée
En temps réel

Stratégies 
Algorithmiques
locales

Système de santé
moyens alloués 
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1 malade à 1 temps donné

1 maladie sur 1 période donnée





Des nouveautés ?? 

Détecter les malades à risque

Optimisation cérébrale dès la prise en charge initiale

Objectifs thérapeutiques de l’HIC

Thérapeutiques recommandées en réanimation

RFE  2017

OUI

IMPACT 



But de la Neuro-réanimation

Identifier défaillance NEURO
Intervenir défaillance NEURO

Sevrer suppléance
Pronostiquer lésions NEURO



But de la Neuro-réanimation

Identifier défaillance NEURO
Intervenir défaillance NEURO

Sevrer suppléance
Pronostiquer lésions NEURO



Monitorage tissulaire 
et localisé

Monitorage global
Et invasif

Monitorage non-invasif
dynamique

Détecter l’Olighémie
tissulaire cérébrale



Monitorage tissulaire 
et localisé

Monitorage global
Et invasif

Monitorage non-invasif
dynamique

Détecter l’Olighémie
tissulaire cérébrale

Diminuer la zone 
d‘incertitude 



secondary neurological deterioration
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Critical Care 2019



Stroke, 2018



But de la Neuro-réanimation

Identifier défaillance NEURO
Intervenir défaillance NEURO

Sevrer suppléance
Pronostiquer lésions NEURO



D’un point de vue physiopathologique

But = préserver le transport en oxygène
Da02 = DSC X CaO2

Da02 = DSC X 1,34 X Hb X Sa02

DSC:
- PPC (=PAM-PIC)
- PaCO2
- Volémie

Ca02:
- Hémoglobinémie
- SaO2
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Chesnut, N Eng J Med 2012
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C Mesurer ne veut pas dire guérir….

Etude très discutée par l’auteur lui-même



60 6060

Trauma crânien et hyperventilation
Surfaces en rouge  indiquent un DSCr < 20 ml/100g/min)  

(Coles et al.  Crit Care Med.  2002)

Wolfson Brain Imaging Centre
University of Cambridge

Wolfson Brain Imaging Centre
University of Cambridge
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OBJECTIF principal: 
-maintenir un débit sanguin cérébral adapté

«Mesure de PIC peut être fausse »  
«Une PIC contrôlée est insuffisante »
«Une PIC contrôlée au dépend du DSC est dangereuse »
« Cut-off de PIC à 20 mmHg est remis en question »
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-Optimiser la mesure de la PIC
-Evaluation du DCS concomitante



Bouzat, Crit Care Med 2015

O
b
je

c
ti
fs

 t
h
é
ra

p
e
u
ti
q
u
e
s
 s

i 
H

I
C Intérêt du monitorage mulitmodal pour 

Estimer le DSC

PTiO2, Microdialyse Doppler Trans-Crânien

Vélocités diastoliques < 30 cm/s

Index de Pulsatilité > 1.4



Hiérarchiser les thérapeutiques

-fonction de leur toxicité selon la lésion
-fonction de leur toxicité selon le terrain
-fonction de paramètres multimodaux 
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NEJM, Stochetti, 2015



Contusion < 20 ml, n = 8 Contusion >20ml, n =12
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Lancet, 2019



1 Janvier 2015:  AVC ischémique 
devient une urgence interventionnelle 

n engl j med 372;1 nejm.org january 1, 2015 11

The new england  
journal of medicine
established in 1812 january 1, 2015 vol. 372 no. 1

A Randomized Trial of Intraarterial Treatment for Acute 
Ischemic Stroke

O.A. Berkhemer, P.S.S. Fransen, D. Beumer, L.A. van den Berg, H.F. Lingsma, A.J. Yoo, W.J. Schonewille, J.A. Vos,  
P.J. Nederkoorn, M.J.H. Wermer, M.A.A. van Walderveen, J. Staals, J. Hofmeijer, J.A. van Oostayen,  

G.J. Lycklama à Nijeholt, J. Boiten, P.A. Brouwer, B.J. Emmer, S.F. de Bruijn, L.C. van Dijk, L.J. Kappelle, R.H. Lo,  
E.J. van Dijk, J. de Vries, P.L.M. de Kort, W.J.J. van Rooij, J.S.P. van den Berg, B.A.A.M. van Hasselt, L.A.M. Aerden,  

R.J. Dallinga, M.C. Visser, J.C.J. Bot, P.C. Vroomen, O. Eshghi, T.H.C.M.L. Schreuder, R.J.J. Heijboer, K. Keizer,  
A.V. Tielbeek, H.M. den Hertog, D.G. Gerrits, R.M. van den Berg-Vos, G.B. Karas, E.W. Steyerberg, H.Z. Flach,  

H.A. Marquering, M.E.S. Sprengers, S.F.M. Jenniskens, L.F.M. Beenen, R. van den Berg, P.J. Koudstaal,  
W.H. van Zwam, Y.B.W.E.M. Roos, A. van der Lugt, R.J. van Oostenbrugge, C.B.L.M. Majoie, and D.W.J. Dippel,  

for the MR CLEAN Investigators*
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The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Dippel at the Department of Neurology 
H643, Erasmus MC University Medical 
Center, PO Box 2040, Rotterdam 3000 
CA, the Netherlands, or at d.dippel@
erasmusmc.nl.

Drs. Berkhemer, Fransen, and Beumer and 
Drs. van Zwam, Roos, van der Lugt, van 
Oostenbrugge, Majoie, and Dippel con-
tributed equally to this article.

* A complete list of investigators in the 
Multicenter Randomized Clinical Trial 
of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands 
(MR CLEAN) is provided in the Supple-
mentary Appendix, available at NEJM.org.

This article was published on December 17, 
2014, and updated on January 1, 2015, at 
NEJM.org.

N Engl J Med 2015;372:11-20.
DOI: 10.1056/NEJMoa1411587
Copyright © 2014 Massachusetts Medical Society.

Background
In patients with acute ischemic stroke caused by a proximal intracranial arterial 
occlusion, intraarterial treatment is highly effective for emergency revasculariza-
tion. However, proof of a beneficial effect on functional outcome is lacking.
Methods
We randomly assigned eligible patients to either intraarterial treatment plus usual 
care or usual care alone. Eligible patients had a proximal arterial occlusion in the 
anterior cerebral circulation that was confirmed on vessel imaging and that could 
be treated intraarterially within 6 hours after symptom onset. The primary out-
come was the modified Rankin scale score at 90 days; this categorical scale mea-
sures functional outcome, with scores ranging from 0 (no symptoms) to 6 (death). 
The treatment effect was estimated with ordinal logistic regression as a common 
odds ratio, adjusted for prespecified prognostic factors. The adjusted common odds 
ratio measured the likelihood that intraarterial treatment would lead to lower mod-
ified Rankin scores, as compared with usual care alone (shift analysis).
Results
We enrolled 500 patients at 16 medical centers in the Netherlands (233 assigned to in-
traarterial treatment and 267 to usual care alone). The mean age was 65 years (range, 
23 to 96), and 445 patients (89.0%) were treated with intravenous alteplase before ran-
domization. Retrievable stents were used in 190 of the 233 patients (81.5%) assigned to 
intraarterial treatment. The adjusted common odds ratio was 1.67 (95% confidence 
interval [CI], 1.21 to 2.30). There was an absolute difference of 13.5 percentage points 
(95% CI, 5.9 to 21.2) in the rate of functional independence (modified Rankin score, 
0 to 2) in favor of the intervention (32.6% vs. 19.1%). There were no significant differ-
ences in mortality or the occurrence of symptomatic intracerebral hemorrhage.
Conclusions
In patients with acute ischemic stroke caused by a proximal intracranial occlusion 
of the anterior circulation, intraarterial treatment administered within 6 hours af-
ter stroke onset was effective and safe. (Funded by the Dutch Heart Foundation and 
others; MR CLEAN Netherlands Trial Registry number, NTR1804, and Current 
Controlled Trials number, ISRCTN10888758.)

The New England Journal of Medicine 
Downloaded from nejm.org at ASSISTANCE PUBLIQUE HOPITAUX PARIS on February 11, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 
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Si critères neuro-vasculaires respectés,
Pas de restriction sur Age et sur gravité



Filière AVC ischémique-Team Work



Nette amélioration de la recanalisation
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If IV thrombolysis is contraindicated, Mechanical Thrombectomy is recommended
As first line treatment for proximal occlusion (GRADE A Reco ESO 2015)



Figure'3A':'Pre'and'post'thrombectomy'
arteriography!!

Figure'3A':'Pre'and'post'thrombectomy'
arteriography!!

Déchoc TM équivaut Déchoc PolyT

Même organisation
-Algorithme 

dédié
-Plateau 

préparé
-Personnel 

dédié



Mise en pratique de la Thrombectomie pour 
les AVC postopératoires et réanimatoires

Prémat,  Stroke, 2018



Algorithme Triage post-TM
1er Janvier 2015 :

AVC ischémique devient une urgence interventionnelle 

3
Berkhemer OA. et al._A randomized trial of intraarterial treatment for acute ischemic stroke. N Engl J Med. 2015;372(1):11-20.

Multicenter Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the Netherlands :

Mr CLEANAG ou Sédation selon protocole
Ventilation M sur défaillance ou conversion

SSPI pour organiser
le triage Post-TM

Sevrage Assistance?
Risque Neuro avec besoin plateau technique?
Distance entre plateau Technique et retour

Malade stable
Retour vers USINV

Malade instable
Sans risque Neuro particulier 

Risque Neuro spécifique 

Retour vers USINV
Secteur ou site

Transfert Réa secteur Maintien sur NeuroREA
Avec plateau technique

Fosse postérieure étendue
AVC malin

T° hémorragique
Gestion stenting

Gestion complication vasculaire selon moyen et gravité
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ABSTRACT
Background Mechanical thrombectomy (MT) for 
acute ischemic stroke can be performed under local 
anesthesia, with or without conscious sedation (CS), 
or under general anesthesia (GA). The hemodynamic 
consequence of anesthetic drugs may explain why GA 
may be associated with worse outcomes. We evaluated 
the association between hypotension duration during MT 
and the 90 day functional outcome under both anesthetic 
regimens.
Methods Patients were included in this retrospective 
study if they had an ischemic stroke treated by MT under 
GA or CS. The main exposure variable was the time 
below 90% of the reference value of arterial pressure 
measured before MT. The primary outcome was poor 
functional outcome defined as a 90 day modified Rankin 
Score ≥3.
Results 371 patients were included in the study. GA 
was performed in 42%. A linear association between 
the duration of arterial hypotension and outcome was 
observed. The odds ratio for poor functional outcome of 
10 min under 90% of the baseline mean arterial pressure 
was 1.13 (95% CI 1.06 to 1.21) without adjustment 
and 1.11 (95% CI 1.02 to 1.21) after adjustment for 
confounding factors. The functional outcome was poorer 
for patients treated under GA compared with CS, but 
the association with the depth of hypotension remained 
similar under both conditions.
Conclusion In this study, we observed a linear 
association between the duration of hypotension 
during MT and the functional outcome at 90 days. An 
aggressive and personalized strategy for the treatment of 
hypotension should be considered. Further trials should 
be conducted to address this question.

INTRODUCTION
Mechanical thrombectomy (MT) is now the stan-
dard of care for the treatment of acute ischemic 
strokes (AIS) with large vessel occlusions (LVO) 
of the anterior circulation.1 MT can either be 
performed under local anesthesia (LA), under LA 
with conscious sedation (CS), or under general 
anesthesia (GA). Observational studies and recent 
meta-analysis suggest a different outcome according 
to the sedation modality, with worse prognosis for 
GA and CS compared with LA.2–5 Nevertheless, 
questions remain regarding the optimal anesthetic 

approach, while three recent randomized controlled 
trials showed no significant difference in functional 
outcomes for patients treated under GA versus 
CS.6–8 

One of the main concerns regarding the seda-
tion modality is its hemodynamic consequences. 
Elevated blood pressure (BP) is frequent in patients 
presenting with AIS and is associated with symp-
tomatic hemorrhagic transformation, worse func-
tional outcomes and mortality.9–11 As such, the 
current American Stroke Association/American 
Heart Association guidelines recommend main-
taining BP below 185/110 mmHg.12 However, 
this threshold comes from exclusion criteria of 
intravenous thrombolysis trials and randomized 
controlled trials are still lacking to substantiate this 
position in the setting of LVO. Indeed, decreases 
in BP below certain thresholds before recanali-
zation (ie, mean arterial pressure (MAP) <70 or 
85 mmHg before reperfusion,13–15systolic blood 
pressure (SBP) <140 mmHg),16 reductions in BP 
RI�GLIIHUHQW�PDJQLWXGHV�������RU�����0$3�GURS�
from baseline14 17) and BP variability18 19 have all 
been associated with worse functional outcomes.15 
However, it still remains unclear whether the rela-
tionship between the duration of arterial hypo-
tension during MT and the functional outcome is 
linear and if this relationship is the same under GA 
and CS. For this reason, we sought to explore the 
association between the duration of hypotension 
during mechanical thrombectomy (therefore before 
recanalization) and functional outcomes under both 
anesthetic regimens and to determine a pragmatic 
BP threshold to discriminate worse and favorable 
outcomes.

METHODS
Patients
We performed a retrospective study using data 
from the Foch Hospital (Suresnes, France) and Lari-
boisière Hospital (Paris, France). Patients treated 
between January 2015 and December 2017 were 
included if they had an AIS with an LVO of the ante-
rior or posterior circulation, treated by MT either 
under GA or CS within 6 hours after stroke onset. 
Patients were 18 years of age or older (no upper 
age limit). The exclusion criteria were as follows: 
patients intubated at presentation and patients with 
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using R software version 3.1.1 or later (The ‘R’ Foundation for 
Statistical Computing, Vienna, Austria).

RESULTS
Three hundred and seventy-one patients were included in the 
study. The flow chart of the study is depicted in figure 1. The 
PDMRULW\�RI�SDWLHQWV�ZHUH�PDOH� �Q �����������ZLWK� D�PHGLDQ�
age of 71 years (IQR 58–81). The patients’ characteristics are 
described in table 1. The most frequent LVO localization was 
0���ZLWK�D� WDQGHP�OHVLRQ� LQ�������DQG�D�SRVWHULRU�RFFOXVLRQ�
LQ������RI�WKH�FDVHV��0RUH�WKDQ�KDOI�RI�WKH�SDWLHQWV�UHFHLYHG�,9�
thrombolysis before MT. Patients with an unfavorable outcome 
were older (76 (IQR 63–83) vs 66.4 (IQR 52.3–76) years), had 
PRUH�RIWHQ�D�KLVWRU\�RI�K\SHUWHQVLRQ������������YV��������������
a higher NIHSS score at admission (17 (IQR 11–20) vs 11 (IQR 
�²������UHFHLYHG�,9�WKURPERO\VLV�OHVV�RIWHQ�������������YV�����
����������DQG�ZHUH�PRUH�RIWHQ�WUHDWHG�XQGHU�*$�������������
YV� ��� ���������� 7KH� SDWLHQWV·� FKDUDFWHULVWLFV� GLIIHUHG� EHWZHHQ�
the two centers, as depicted in online supplementary table 1. 
Patients were more severe in Foch Hospital with a median 
NIHSS of 16 (IQR 10–20) vs 11 (IQR 8–17) in Lariboisière. 
MT was performed more frequently under GA in Lariboisière 
FRPSDUHG�ZLWK�)RFK��Q ���������YV�Q ����������

Association between blood pressure drops from baseline and 
functional outcomes
Figure 2A shows a linear association between the time with arte-
ULDO�K\SRWHQVLRQ�GHILQHG�DV�DQ�0$3�XQGHU�����RI�WKH�EDVHOLQH�
value at admission in the neuro-interventional center. The odds 
UDWLR��25��RI����PLQ�XQGHU�����RI�WKH�EDVHOLQH�0$3�ZDV������
�����&,������ WR�������ZLWKRXW�DGMXVWPHQW�DQG������ �����&,�
1.02 to 1.21) after adjustment for confounding factors, meaning 
D�UHODWLYH�����LQFUHDVH�LQ�WKH�ULVN�RI�SRRU�IXQFWLRQDO�RXWFRPH�
for every 10 min. The linearity of the association was also found 
for a more substantial level of hypotension (figure 2A). A consis-
tent and pronounced result was found with an OR for 10 min 
XQGHU� ���� RI� WKH� EDVHOLQH� DUWHULDO� SUHVVXUH� RI� ����� �����&,�
1.10 to 1.39) after adjustment for confounding factors in both 
cases (see online supplementary figure 1 and table 2). Of note, 
WKH�PHGLDQ�DEVROXWH�YDOXH�RI�0$3�FRUUHVSRQGLQJ�WR�����DQG�
���� RI� WKH� EDVHOLQH� YDOXH� ZDV� ���PP+J� �,45� ��²����� DQG�
82 mmHg (IQR 75–90), respectively.

Impact of the sedation modality and subgroup analyses
Forty-two percent of the procedures were performed under GA. 
Among the factors associated with GA, the type of occlusion 

All patients
(n=371)

Rankin ≤2
(n=174)

Rankin >2
(n=197) P value

  Time under 70% of baseline MAP (min) 0 (0; 2) 0 (0; 0) 0 (0; 5) <0.0001

Outcome

  Final TICI

  −0 18 (5.1) 1 (0.6) 17 (9.1) <0.0001

  −1 12 (3.4) 1 (0.6) 11 (5.9)

  −2a 53 (15) 11 (6.6) 42 (22.5)

  −2b 119 (33.7) 63 (38) 56 (29.9)

  −2 c 39 (11) 20 (12) 19 (10.2)

  −3 112 (31.7) 70 (42.2) 42 (22.5)

Rankin score at 3 months 3 (1; 5) 1 (1; 2) 5 (3; 6) <0.0001
*ETCO2 only measured for patients under general anesthesia.
DBP, diastolic blood pressure; ETCO 2,end-tidal carbon dioxide; IV, intravenous; MAP, mean arterial pressure; NIHSS, National Institutes of Health Stroke Scale; 
SBP, systolic blood pressure; TICI, Thrombolysis In Cerebral Infarction. 

Table 1 Continued

Figure 2 Linearity of the association between cumulative time with hypotension and 90 day functional outcome, using restricted cubic spline 
among all patients (panel A), patients under local anesthesia or sedation (panel B) and patients under general anesthesia (panel C). Hypotension is 
defined by arterial blood pressure under 90% of the baseline value. Plain line represents estimated probability and dashed line the corresponding 
boundaries of the confidence interval .
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Ischemic Stroke

Table 1 Patients’ characteristics and comparison according to the 90 day functional outcome (results are expressed as median with IQR or count 
with percentage; p values correspond to Wilcoxon test or χ2 test as appropriate)

All patients
(n=371)

Rankin ≤2
(n=174)

Rankin >2
(n=197) P value

Male gender 199 (53.9%) 87 (50.6%) 112 (56.9%) 0.23

Age (years) 71 (58; 81.4) 66.4 (52.3; 76) 76 (63; 83) <0.0001

Comorbidities

  History of hypertension 209 (56.3%) 83 (47.7%) 126 (64%) 0.0016

  Diabetes mellitus 68 (18.3%) 27 (15.5%) 41 (20.8%) 0.19

  Smoking 112 (30.2%) 45 (25.9%) 67 (34%) 0.088

  Coronary artery disease 52 (14%) 21 (12.1%) 31 (15.7%) 0.31

  Stroke 50 (20.3%) 18 (15.7%) 32 (24.4%) 0.088

Site of occlusion 0.025

  M1 136 (43%) 67 (46.2%) 69 (40.4%)

  M2 69 (21.8%) 36 (24.8%) 33 (19.3%)

  Intracranial carotid artery 33 (10.4%) 14 (9.7%) 19 (11.1%)

  Tandem 40 (12.7%) 17 (11.7%) 23 (13.5%)

  Posterior circulation 28 (8.9%) 5 (3.4%) 23 (13.5%)

  Extracranial 2 (0.6%) 1 (0.7%) 1 (0.6%)

  Other 2 (0.6%) 0 (0%) 2 (1.2%)

  Recanalization 6 (1.9%) 5 (3.4%) 1 (0.6%)

Etiology 0.097

  Atheroma 37 (10%) 21 (12.1%) 16 (8.1%)

  Embolic 208 (56.1%) 87 (50%) 121 (61.4%)

  Dissection 24 (6.5%) 15 (8.6%) 9 (4.6%)

  Other 102 (27.5%) 51 (29.3%) 51 (25.9%)

Initial presentation

  Initial NIHSS 15 (9; 20) 11 (6; 18) 17 (11; 20) <0.0001

  IV thrombolysis 201 (54.5%) 109 (63.4%) 92 (46.7%) 0.0013

Per-procedure management

  SBP at admission 147 (130; 161.8) 145 (130; 157) 150 (131; 167) 0.034

  DBP at admission 80 (70; 90) 80 (73; 89) 80 (70; 90) 0.42

  MAP at admission 102 (93; 113) 101 (95; 110) 102 (91; 116) 0.63

  90% of MAP at admission 92 (84; 102) 91 (86; 99) 92 (82; 105) 0.63

  80% of MAP at admission 82 (75; 90) 81 (76; 88) 82 (73; 93) 0.63

  70% of MAP at admission 71 (65; 79) 71 (67; 77) 72 (64; 81) 0.63

  Glycemia at admission 6.5 (5.7; 8) 6.3 (5.4; 7.8) 6.8 (5.8; 8.3) 0.018

  General anesthesia 147 (42.1%) 48 (29.3%) 99 (53.5%) <0.0001

  ETCO2* 32 (25; 35) 33 (27; 36) 31 (25; 34) 0.26

  Vasopressor 196 (54.4%) 75 (44.9%) 121 (62.7%) 0.00073

  Norepinephrine 174 (48.1%) 63 (37.5%) 111 (57.2%) 0.00018

  Ephedrine 43 (11.9%) 17 (10.1%) 26 (13.4%) 0.34

  Phenylephrine 41 (11.4%) 12 (7.2%) 29 (15%) 0.02

  Duration of the procedure 61 (36; 91.5) 49 (27; 72) 75 (48; 106) <0.0001

  Delay symptoms – cath 225 (180; 299.5) 180 (160; 273) 240 (180; 300) 0.1

  Delay symptoms – recanal 290 (225; 380) 260 (200; 375) 316.5 (240; 420) 0.015

Exposition

  Time under 90% of baseline MAP (min) 14.5 (0; 46.5) 10 (0; 33.6) 20 (0; 60.5) 0.0011

  Time under 80% of baseline MAP (min) 0 (0; 20) 0 (0; 9.2) 4 (0; 29) 0.00019
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Ischemic Stroke

Table 1 Patients’ characteristics and comparison according to the 90 day functional outcome (results are expressed as median with IQR or count 
with percentage; p values correspond to Wilcoxon test or χ2 test as appropriate)

All patients
(n=371)

Rankin ≤2
(n=174)

Rankin >2
(n=197) P value

Male gender 199 (53.9%) 87 (50.6%) 112 (56.9%) 0.23

Age (years) 71 (58; 81.4) 66.4 (52.3; 76) 76 (63; 83) <0.0001

Comorbidities

  History of hypertension 209 (56.3%) 83 (47.7%) 126 (64%) 0.0016

  Diabetes mellitus 68 (18.3%) 27 (15.5%) 41 (20.8%) 0.19

  Smoking 112 (30.2%) 45 (25.9%) 67 (34%) 0.088

  Coronary artery disease 52 (14%) 21 (12.1%) 31 (15.7%) 0.31

  Stroke 50 (20.3%) 18 (15.7%) 32 (24.4%) 0.088

Site of occlusion 0.025

  M1 136 (43%) 67 (46.2%) 69 (40.4%)

  M2 69 (21.8%) 36 (24.8%) 33 (19.3%)

  Intracranial carotid artery 33 (10.4%) 14 (9.7%) 19 (11.1%)

  Tandem 40 (12.7%) 17 (11.7%) 23 (13.5%)

  Posterior circulation 28 (8.9%) 5 (3.4%) 23 (13.5%)

  Extracranial 2 (0.6%) 1 (0.7%) 1 (0.6%)

  Other 2 (0.6%) 0 (0%) 2 (1.2%)

  Recanalization 6 (1.9%) 5 (3.4%) 1 (0.6%)

Etiology 0.097

  Atheroma 37 (10%) 21 (12.1%) 16 (8.1%)

  Embolic 208 (56.1%) 87 (50%) 121 (61.4%)

  Dissection 24 (6.5%) 15 (8.6%) 9 (4.6%)

  Other 102 (27.5%) 51 (29.3%) 51 (25.9%)

Initial presentation

  Initial NIHSS 15 (9; 20) 11 (6; 18) 17 (11; 20) <0.0001

  IV thrombolysis 201 (54.5%) 109 (63.4%) 92 (46.7%) 0.0013

Per-procedure management

  SBP at admission 147 (130; 161.8) 145 (130; 157) 150 (131; 167) 0.034

  DBP at admission 80 (70; 90) 80 (73; 89) 80 (70; 90) 0.42

  MAP at admission 102 (93; 113) 101 (95; 110) 102 (91; 116) 0.63

  90% of MAP at admission 92 (84; 102) 91 (86; 99) 92 (82; 105) 0.63

  80% of MAP at admission 82 (75; 90) 81 (76; 88) 82 (73; 93) 0.63

  70% of MAP at admission 71 (65; 79) 71 (67; 77) 72 (64; 81) 0.63

  Glycemia at admission 6.5 (5.7; 8) 6.3 (5.4; 7.8) 6.8 (5.8; 8.3) 0.018

  General anesthesia 147 (42.1%) 48 (29.3%) 99 (53.5%) <0.0001

  ETCO2* 32 (25; 35) 33 (27; 36) 31 (25; 34) 0.26

  Vasopressor 196 (54.4%) 75 (44.9%) 121 (62.7%) 0.00073

  Norepinephrine 174 (48.1%) 63 (37.5%) 111 (57.2%) 0.00018

  Ephedrine 43 (11.9%) 17 (10.1%) 26 (13.4%) 0.34

  Phenylephrine 41 (11.4%) 12 (7.2%) 29 (15%) 0.02

  Duration of the procedure 61 (36; 91.5) 49 (27; 72) 75 (48; 106) <0.0001

  Delay symptoms – cath 225 (180; 299.5) 180 (160; 273) 240 (180; 300) 0.1

  Delay symptoms – recanal 290 (225; 380) 260 (200; 375) 316.5 (240; 420) 0.015

Exposition

  Time under 90% of baseline MAP (min) 14.5 (0; 46.5) 10 (0; 33.6) 20 (0; 60.5) 0.0011

  Time under 80% of baseline MAP (min) 0 (0; 20) 0 (0; 9.2) 4 (0; 29) 0.00019

Continued

N
E

R
L

 C
o

n
s
o

rtia
. P

ro
te

c
te

d
 b

y
 c

o
p

y
rig

h
t.

 o
n

 S
e

p
te

m
b

e
r 3

0
, 2

0
1

9
 a

t S
U

N
Y

 S
to

n
y
 B

ro
o

k
h

ttp
://jn

is
.b

m
j.c

o
m

/
J
 N

e
u

ro
In

te
rv

e
n

t S
u

rg
: firs

t p
u

b
lis

h
e

d
 a

s
 1

0
.1

1
3

6
/n

e
u

rin
ts

u
rg

-2
0

1
9

-0
1

5
2

4
7

 o
n

 2
6

 S
e

p
te

m
b

e
r 2

0
1

9
. D

o
w

n
lo

a
d

e
d

 fro
m

 

  1Valent A, et al. J NeuroIntervent Surg 2019;0:1–7. doi:10.1136/neurintsurg-2019-015247

ORIGINAL RESEARCH

A 10% blood pressure drop from baseline during 
mechanical thrombectomy for stroke is strongly 
associated with worse neurological outcomes
Arnaud Valent,1 Amard Sajadhoussen,  2 Benjamin Maier,3 Bertrand Lapergue,  4 
Marc-Antoine Labeyrie,5 Peggy Reiner,6 Arturo Consoli,7 Marc Fischler,2 
Etienne Gayat,1,8 Morgan Leguen2

Ischemic Stroke

To cite: Valent A, 
Sajadhoussen A, Maier B, 
et al. J NeuroIntervent Surg 
Epub ahead of print: [please 
include Day Month Year]. 
doi:10.1136/
neurintsurg-2019-015247

 Ź Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
neurintsurg- 2019- 015247).

1Department of Anesthesiology 
and Critical Care, DMU Parabol, 
AP HP.Nord, Université de 
Paris, Paris, France, Hôpital 
Lariboisière, Paris, France
2Anesthesiology Department, 
Hopital Foch, Suresnes, France
3Interventional Neuroradiology, 
Fondation Ophtalmologique 
Adolphe de Rothschild, Paris, 
France
4Stroke Center Neurology 
Division, Hopital Foch, Suresnes, 
France
5Neuroradiology, Groupe 
hospitalier Lariboisiere Fernand-
Widal, Paris, France
6Departement of Neurology, 
Hopital Lariboisiere, Paris, 
France
7Neuroradiology Department, 
Hopital Foch, Suresnes, France
8MASCOT, UMR-S 742, INSERM, 
Paris, France

Correspondence to
Professor Etienne Gayat, 
Anesthesiology, Hôpital 
Lariboisière, Paris 75475, 
France;  etienne. gayat@ aphp. fr

Received 2 July 2019
Revised 21 August 2019
Accepted 27 August 2019

© Author(s) (or their 
employer(s)) 2019. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background Mechanical thrombectomy (MT) for 
acute ischemic stroke can be performed under local 
anesthesia, with or without conscious sedation (CS), 
or under general anesthesia (GA). The hemodynamic 
consequence of anesthetic drugs may explain why GA 
may be associated with worse outcomes. We evaluated 
the association between hypotension duration during MT 
and the 90 day functional outcome under both anesthetic 
regimens.
Methods Patients were included in this retrospective 
study if they had an ischemic stroke treated by MT under 
GA or CS. The main exposure variable was the time 
below 90% of the reference value of arterial pressure 
measured before MT. The primary outcome was poor 
functional outcome defined as a 90 day modified Rankin 
Score ≥3.
Results 371 patients were included in the study. GA 
was performed in 42%. A linear association between 
the duration of arterial hypotension and outcome was 
observed. The odds ratio for poor functional outcome of 
10 min under 90% of the baseline mean arterial pressure 
was 1.13 (95% CI 1.06 to 1.21) without adjustment 
and 1.11 (95% CI 1.02 to 1.21) after adjustment for 
confounding factors. The functional outcome was poorer 
for patients treated under GA compared with CS, but 
the association with the depth of hypotension remained 
similar under both conditions.
Conclusion In this study, we observed a linear 
association between the duration of hypotension 
during MT and the functional outcome at 90 days. An 
aggressive and personalized strategy for the treatment of 
hypotension should be considered. Further trials should 
be conducted to address this question.

INTRODUCTION
Mechanical thrombectomy (MT) is now the stan-
dard of care for the treatment of acute ischemic 
strokes (AIS) with large vessel occlusions (LVO) 
of the anterior circulation.1 MT can either be 
performed under local anesthesia (LA), under LA 
with conscious sedation (CS), or under general 
anesthesia (GA). Observational studies and recent 
meta-analysis suggest a different outcome according 
to the sedation modality, with worse prognosis for 
GA and CS compared with LA.2–5 Nevertheless, 
questions remain regarding the optimal anesthetic 

approach, while three recent randomized controlled 
trials showed no significant difference in functional 
outcomes for patients treated under GA versus 
CS.6–8 

One of the main concerns regarding the seda-
tion modality is its hemodynamic consequences. 
Elevated blood pressure (BP) is frequent in patients 
presenting with AIS and is associated with symp-
tomatic hemorrhagic transformation, worse func-
tional outcomes and mortality.9–11 As such, the 
current American Stroke Association/American 
Heart Association guidelines recommend main-
taining BP below 185/110 mmHg.12 However, 
this threshold comes from exclusion criteria of 
intravenous thrombolysis trials and randomized 
controlled trials are still lacking to substantiate this 
position in the setting of LVO. Indeed, decreases 
in BP below certain thresholds before recanali-
zation (ie, mean arterial pressure (MAP) <70 or 
85 mmHg before reperfusion,13–15systolic blood 
pressure (SBP) <140 mmHg),16 reductions in BP 
RI�GLIIHUHQW�PDJQLWXGHV�������RU�����0$3�GURS�
from baseline14 17) and BP variability18 19 have all 
been associated with worse functional outcomes.15 
However, it still remains unclear whether the rela-
tionship between the duration of arterial hypo-
tension during MT and the functional outcome is 
linear and if this relationship is the same under GA 
and CS. For this reason, we sought to explore the 
association between the duration of hypotension 
during mechanical thrombectomy (therefore before 
recanalization) and functional outcomes under both 
anesthetic regimens and to determine a pragmatic 
BP threshold to discriminate worse and favorable 
outcomes.

METHODS
Patients
We performed a retrospective study using data 
from the Foch Hospital (Suresnes, France) and Lari-
boisière Hospital (Paris, France). Patients treated 
between January 2015 and December 2017 were 
included if they had an AIS with an LVO of the ante-
rior or posterior circulation, treated by MT either 
under GA or CS within 6 hours after stroke onset. 
Patients were 18 years of age or older (no upper 
age limit). The exclusion criteria were as follows: 
patients intubated at presentation and patients with 
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