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Objectif	/	plan

• Anatomie	neurovasculaire
• Accident	vasculaire	cérébral	
(ischémique)
• Endartériectomie	carotidienne
• ATCD	AVC	en	périopératoire

• Hémorragie	intracérébrale	
• Hémorragie	sous-arachnoïdienne
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Cas	#1:	HSA	

• F38	ans,	tabagisme,	ATCD	migraines	

• Céphalée	subite	il	y	a	7	jours	è traitement	sumatriptan

• Céphalée	brutale	avec	AEC	et	vomissements	hier	è
ambulance
• À	l’urgence:	E3V3M5	pas	de	déficit	focal	
• DVE	installée	d’urgence	hier	(hydrocéphalie)
• Meilleur	éveil	post-DVE,	extubée

• Ce	jour:	
• Détérioration	d’état	de	conscience,	½	parésie	G	
• Angioscan =	anévrysme	bifurcation	sylvienne D	(collet	
large),	vasospasme sévère	ACM	+	ACA	D	
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Cas	#1	(suite)

• Ligature	d’anévrisme	prévue	d’urgence	ce	matin

• GCS	E2V3M5,	DVE	+20	cmH2O,	PIC	16
• Pas	d’obstruction	VRS	(grade	1	connu)	
• LN	3L/min,	SpO2	92%,	FR	24,	RxPMS céphalisation
• TA	100/55	PAM	70	FC	112

• ECG	=	tachy sinusale	+	sous	décallage ST	diffus
• Troponines	120	
• Nimodipine PO	
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Question	#1	– meilleure	réponse?

a) La	priorité	durant	l’induction	de	cette	patiente	est	de	maintenir	
PAM	élevée	tout	en	réduisant	sa	PIC.	

b) Cette	patiente	est	à	risque	d’instabilité	hémodynamique	à	
l’induction	secondaire	à	une	cardiopathie	de	stress.	

c) Cette	patiente	est	à	risque	d’œdème	pulmonaire	et	devrait	recevoir	
une	dose	de	diurétiques	avant	son	transfert	des	soins	intensifs.	

d) La	priorité	est	d’induire	une	thérapie	3H	(hypertension,	
hypervolémie,	hémodilution)	afin	de	traiter	son	vasospasme.	

e) Toutes	ses	réponses.	
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Cas	#2	

• H	54A
• Cocaïne	+
• AVC	sylvien G	
• Dissection	carotidienne	
+	thrombus	flottant
• Pas	candidat	à	rTPA ou	
thrombectomie
• Héparine	IV	J6
• Héparine	IV	cessé	x	30	
minutes
• Anisocorie G>D
⇒ CRANIECTOMIE	

J2	post	AVC J6	post	AVC
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Question	#2	– meilleure	réponse?

a) Mannitol	+	salin	hypertonique	car	hyperventilation	est	contre-
indiquée	dans	le	contexte	d’AVC	récent.	

b) Viser	PAsyst <	140	mmHg afin	d’éviter	progression	d’hémorragie	
intra-parenchymateuse.

c) Compte	tenu	altération	de	l’état	de	conscience	et	risque	
d’aspiration,	procéder	à	une	induction	en	séquence	rapide	modifiée	
avec	propofol +	rémifentanyl +	succinylcholine tout	en	ventilant	le	
patient.	

d) Si	le	patient	recevait	également	de	l’aspirine,	on	devrait	lui	
transfuser	5	unités	de	plaquettes	dès	que	possible.

e) Aucune	de	ces	réponses
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Question	#3

• Devriez-vous	lui	administrer	de	la	protamine?	

• Si	oui,	pourquoi?	

• Si	non,	pourquoi?

• Dose	de	protamine?

• Attendre	PTT	STAT	avant	craniectomie?
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Question	#4

• H	56A	– pas	d’ATCD
• Céphalée	brutale	post-coïtale	
• Épisode	de	vomissement	durant	transfert	ambulancer
• Somnolent,	pas	de	déficit	focale,	désorienté,	répond	aux	ordres
• Scan	cérébrale	démontre	HSA	+	légère	ventriculomégalie,	angioscan
cérébral	confirme	anévrisme	
• On	vous	appelle	pour	assistance	pour	l’intuber	en	prévision	de	
transfert	dans	un	centre	de	neurochirurgie	vasculaire.	

• Quelle	est	votre	plan	pour	l’induction	et	l’intubation?	
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Question	#4	– meilleure	réponse?

a) Induction	séquence	rapide	sans	ventilation	nécessaire	car	risque	
d’aspiration.	

b) Nimodipine PO	avant	l’induction	pour	assurer	absorption	digestive.	
c) Hyperventilation	légère	après	intubation	et	durant	le	transfert	

ambulancier.	
d) Privilégier	haute	dose	de	propofol afin	de	réduire	CMRO2	au	

minimun.	
e) Osmothérapie ne	devrait	pas	être	administrée	en	prévision	de	

l’intubation.	
f) Éviter	curarisation	durant	transfert	ambulancier	afin	de	ne	pas	

perdre	l’examen	neurologique.	
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Question	#5	– vrai	ou	faux?

• L’anesthésie	loco-régionale permet	de	diminuer	l’utilisation	de	shunt	
durant	une	endartériectomie	carotidienne.
• Il	est	souhaitable	de	viser	une	hypercapnie	permissive	avant	et	durant	
le	clampage	carotidien	durant	une	endartériectomie	carotidienne.	
• Le	sévoflurane est	préférable	au	propofol comme	agent	de	maintient	
durant	une	endartériectomie	carotidienne.	
• Il	est	souhaitable	de	viser	des	pression	artérielle	plus	élevées	(25-
40%)	en	postopératoire	chez	des	patients	ayant	une	hypertension	mal	
contrôlée	en	préopératoire	d’une	endartérectomie carotidienne.
• L’AVC	périopératoire d’endartérectomie est	le	plus	souvent	attribuable	
à	une	embolisation	plutôt	qu’une	hypoperfusion	cérébrale.	
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Anatomie	vasculaire	et	variations	

• Circulation	antérieure
• Carotides	internes	

• Ophtalmique	(pré	communicante)
• Cérébrale	moyenne	(MCA	=	M1)
• Cérébrale	antérieure	(ACA	=	A1)

• Antérieure	communicante
• Choroïdienne	antérieure
• Postérieure	communicante	

• Circulation	postérieure
• Vertébrales

• Spinales	antérieure
• Cérébelleuse	postérieure	inférieure	(PICA)

• Tronc	basilaire	
• Cérébrale	postérieure	(PCA)
• Cérébelleuse	supérieure	(SCA)	
• Cérébelleuse	antérieure	inférieure	(AICA)

• Segments,	branches,	perforantes…
• Collatérales	intra	et	extracrâniennes…

Copyright © 2019 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
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Acute Focal Cerebral Ischemia
The management of the patient with acute focal cerebral isch-
emia (stroke) merits mention in the context of a discussion 
of collateral blood flow. It is almost entirely in the setting of 
neurovascular interventions (thrombectomy, thrombolysis) 
after acute stroke that anesthesiologists provide general anes-
thesia for individuals known to have recently experienced a 
focal stroke. In that situation, it is generally understood that 
perfusion of the potentially salvageable tissue at the periph-
ery of a stroke, the so-called penumbra, is dependent on col-
lateral perfusion, sometimes across boundary zone territories 
between cerebral artery distributions, and that this type of 
perfusion requires the maintenance of high-normal MAPs. 
Few anesthesia providers need to be instructed that main-
tenance of blood pressure in this situation is important.78 
However, focal ischemic lesions (strokes) occasionally occur 
spontaneously during anesthesia.38,79 It seems likely, albeit 
unproven, that the effects of such insults will be aggravated 
that by relative hypotension during general anesthesia.45 This 
possibility provides another incentive not to induce or permit 
degrees of hypotension that are not specifically necessary for 
the conduct of the surgical procedure, especially in patients 
at risk for stroke.80

 5. Vertical hydrostatic gradients: Intraoperative patient 
positions in which the head is substantially above the 

heart result in vertical hydrostatic gradients. It is this 
author’s conclusion that such gradients have impor-
tant physiologic implications and that blood pres-
sure should be obtained or arithmetically corrected 
to the cranial level.81 The lack of adverse effects on 
the brain of a 25% reduction from a typical awake 
MAP in the common horizontal surgical positions 
has contributed to the casual attitude toward blood 
pressure reductions of this order. However, bringing 
this same attitude to situations in which the surgi-
cal position results in the head being substantially 
above the heart has resulted, in this author’s opin-
ion, in a significant incidence of neurological injury.82 
Since before the time that the term “neuroanesthe-
sia” achieved currency, it has been an article of faith 
among neuroanesthetists that blood pressure during 
sitting neurosurgical procedures be transduced and 
maintained at the level of the external auditory canal. 
However, when the beach chair position was intro-
duced into orthopedics, somehow the laws of phys-
ics were perceived to be different when the surgical 
objectives were bones rather than brains. Figure  6 
attempts to depict the issues. If a MAP that is widely 
deemed to be acceptable in a supine orientation (eg, 
65 mm Hg, as measured by a blood pressure cuff 
on the arm is accepted during beach chair position 

Figure 5. Common variations in the anatomy of 
the circle of Willis expressed as percentage prev-
alence (%) in disease-free adults. See text for dis-
cussion. ACA indicates anterior cerebral artery; 
AComm, anterior communicating artery; MCA, 
middle cerebral artery; PCA, posterior cerebral 
artery; Pcomm, posterior communicating artery.

Wikipedia.org,	Drummond	JC.	Anesth Analg 2019



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Anatomie	vasculaire	et	fonctionnelle

Radiopaedia.org

brain is also regulated to match regional metabolic demand. Blood flow within the brain is
variable with gray matter flow (80–110 ml/100 g/min) almost five times that of white matter
(20 ml/100 g/min). Understanding the anatomy and physiology of the cerebral circulation
allows prediction of neurological deficits in the event of circulatory compromise.

The Arterial System
The arterial supply is divided into anterior and posterior circulations and comprises two sets of
paired arteries. The anterior circulation originates from the ICA. These ascend into the brain
through the carotid foramen and give rise to a posterior communicating artery before ending by
dividing into the ACA and MCA. The ICA also gives rise to the ophthalmic artery, which
supplies the orbital structures including the retina. The ACA and MCA supply the medial side
of the frontal lobe and the lateral aspects of the frontal, temporal, and parietal lobes, respec-
tively. The lenticulostriate arteries are penetrating branches of theMCA that arise soon after its
origin, and supply the basal ganglia and internal capsule. These branches are end arteries and
therefore common sites for embolic and hemorrhagic stroke (Table 2.1 and Figure 2.3).

The posterior circulation originates from the paired vertebral arteries, which ascend
through the vertebral foramen and fuse to form the basilar artery at the ponto-medullary
junction. The basilar artery subsequently divides into two PCAs. Several important
branches arise from the posterior system:
1. spinal arteries (which supply the entire length of the cord)
2. meningeal branches
3. superior cerebellar arteries
4. anterior and posterior inferior cerebellar arteries (supplying the cerebellum)

Table 2.1 Vascular and functional anatomy.

Parent Vessel Vessel Structures Supplied/Function

ICA ACA Primary motor/somatosensory cortex (leg and foot)
Medial frontal lobe (motor planning)

ICA MCA (superior branches) Primary motor/somatosensory cortex (face and
upper limb)

MCA (inferior branches) Broca’s area (language expression)

Frontal eye fields (gaze)

Wernicke’s area (language comprehension)

Primary somatosensory cortex

Optic radiation (vision)

Basilar PCA Occipital lobe (vision)
Posterior hippocampus (memory)
Thalamus (subcortical hub for most sensorimotor
functions)

Vertebral Basilar Artery Posterior fossa (brainstem and cerebellum) along
with PCA

Chapter 2: Cerebral Circulation
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Gupta	and	Gelb’s	Essentials	of	Neuroanesthesia	and	Neurointensive Care,	2nd Edition,	2018
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MODIFIED RANKIN SCALE (MRS)
O. No	symptoms
1. No	clinically significant disability – able	to	carry	out	all	

usual activities despite some symptoms
2. Slight disability – able	to	look	after own affairs without

assistance	but	unable to	carry	out	all	previous activities
3. Moderate disability – requires some help	but	able	to	

walk unassisted
4. Moderately severe disability – unable to	attend	to	

bodily needs without assistance	and	unable to	walk
unassisted

5. Severe disability – requires constant	nursing	care,	
bedridden,	incontinent

6. Dead
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Accident	vasculaire	cérébral
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Background and Purpose—The purpose of these guidelines is to provide an up-to-date comprehensive set of recommendations 
in a single document for clinicians caring for adult patients with acute arterial ischemic stroke. The intended audiences 
are prehospital care providers, physicians, allied health professionals, and hospital administrators. These guidelines 
supersede the 2013 Acute Ischemic Stroke (AIS) Guidelines and are an update of the 2018 AIS Guidelines.

Methods—Members of the writing group were appointed by the American Heart Association (AHA) Stroke Council’s 
Scientific Statements Oversight Committee, representing various areas of medical expertise. Members were not allowed 
to participate in discussions or to vote on topics relevant to their relations with industry. An update of the 2013 AIS 
Guidelines was originally published in January 2018. This guideline was approved by the AHA Science Advisory and 
Coordinating Committee and the AHA Executive Committee. In April 2018, a revision to these guidelines, deleting some 
recommendations, was published online by the AHA. The writing group was asked review the original document and 
revise if appropriate. In June 2018, the writing group submitted a document with minor changes and with inclusion of 
important newly published randomized controlled trials with >100 participants and clinical outcomes at least 90 days after 
AIS. The document was sent to 14 peer reviewers. The writing group evaluated the peer reviewers’ comments and revised 
when appropriate. The current final document was approved by all members of the writing group except when relationships 
with industry precluded members from voting and by the governing bodies of the AHA. These guidelines use the American 
College of Cardiology/AHA 2015 Class of Recommendations and Level of Evidence and the new AHA guidelines format.

The American Heart Association makes every effort to avoid any actual or potential conflicts of interest that may arise as a result of an outside relationship 
or a personal, professional, or business interest of a member of the writing panel. Specifically, all members of the writing group are required to complete 
and submit a Disclosure Questionnaire showing all such relationships that might be perceived as real or potential conflicts of interest.

This statement was approved by the American Heart Association Science Advisory and Coordinating Committee on September 12, 2019, and the 
American Heart Association Executive Committee on October 3, 2019. A copy of the document is available at https://professional.heart.org/statements 
by using either “Search for Guidelines & Statements” or the “Browse by Topic” area. To purchase additional reprints, call 843-216-2533 or e-mail kelle.
ramsay@wolterskluwer.com.

The online-only Data Supplements are available with this article at https://www.ahajournals.org/doi/suppl/10.1161/STR.0000000000000211.
The American Heart Association requests that this document be cited as follows: Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, 

Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, Jauch EC, Kidwell CS, Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth KN, Southerland AM, 
Summers DV, Tirschwell DL; on behalf of the American Heart Association Stroke Council. Guidelines for the early management of patients with acute 
ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic stroke: a guideline for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. 2019;50:e●●●–e●●●. doi: 10.1161/STR.0000000000000211.

The expert peer review of AHA-commissioned documents (eg, scientific statements, clinical practice guidelines, systematic reviews) is conducted by the 
AHA Office of Science Operations. For more on AHA statements and guidelines development, visit https://professional.heart.org/statements. Select the 
“Guidelines & Statements” drop-down menu, then click “Publication Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express permission 
of the American Heart Association. Instructions for obtaining permission are located at https://www.heart.org/permissions. A link to the “Copyright 
Permissions Request Form” appears in the second paragraph (https://www.heart.org/en/about-us/statements-and-policies/copyright-request-form).
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35CHU de Québec, Laval University, Laval, Quebec, Canada
36Paramedic Association of Canada, Ottawa, Ontario, Canada
37Section of Neurology, Department of Internal Medicine, University of
Manitoba, Winnipeg, Manitoba, Canada
38University Hospital, Saskatoon, Saskatchewan, Canada
39Health Sciences Centre, St. Johns, Newfoundland, Canada
40Division of Neurology, University of Alberta, Edmonton, Alberta,
Canada

Corresponding author:

MP Lindsay, Heart and Stroke Foundation, Toronto, Ontario, Canada.
Email: patrice.lindsay@heartandstroke.ca

International Journal of Stroke, 13(9)

International Journal of Stroke

2018, Vol. 13(9) 949–984

! 2018 World Stroke Organization

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/1747493018786616

journals.sagepub.com/home/wso
D
ow

nloaded
from

http://journals.lw
w
.com

/jnsa
by

BhD
M
f5ePH

KbH
4TTIm

qenVAC
0cw

D
R
ZApU

raQ
Q
W
cW

O
x1Jl4LW

Sx4oSntZFsU
Ppv5s4

on
11/23/2019

Downloadedfromhttp://journals.lww.com/jnsabyBhDMf5ePHKbH4TTImqenVAC0cwDRZApUraQQWcWOx1Jl4LWSx4oSntZFsUPpv5s4on11/23/2019

Society for Neuroscience in Anesthesiology and Critical
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Management of Endovascular Treatment for Acute
Ischemic Stroke*
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Abstract: Literature on the anesthetic management of endovas-
cular treatment of acute ischemic stroke (AIS) is limited. An-
esthetic management during these procedures is still mostly
dependent on individual or institutional preferences. Thus, the
Society of Neuroscience in Anesthesiology and Critical Care
(SNACC) created a task force to provide expert consensus
recommendations on anesthetic management of endovascular
treatment of AIS. The task force conducted a systematic liter-
ature review (up to August 2012). Because of the limited number
of research articles relating to this subject, the task force soli-
cited opinions from experts in this area. The task force created a
draft consensus statement based on the available data. Classes
of recommendations and levels of evidence were assigned to
articles specifically addressing anesthetic management during

endovascular treatment of stroke using the standard American
Heart Association evidence rating scheme. The draft consensus
statement was reviewed by the Task Force, SNACC Executive
Committee and representatives of Society of NeuroInterven-
tional Surgery (SNIS) and Neurocritical Care Society (NCS)
reaching consensus on the final document. For this consensus
statement the anesthetic management of endovascular treatment
of AIS was subdivided into 12 topics. Each topic includes a
summary of available data followed by recommendations. This
consensus statement is intended for use by individuals involved
in the care of patients with acute ischemic stroke, such as an-
esthesiologists, interventional neuroradiologists, neurologists,
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Endovascular treatment of acute ischemic stroke (AIS)
provides a supplement or alternative to systemic in-

travenous thrombolysis in carefully selected patients.
Several studies have shown intra-arterial thrombolysis or
mechanical clot-removing devices to be efficacious for
recanalization and restoration of cerebral blood flow,
which has been correlated with better neurological out-
come.1–4 However, recent data from randomized clinical
trials suggest that endovascular therapy was not superior
to intravenous tissue plasminogen activator (tPA).5–7 All
patients who present within 3 hours of symptom onset
and have no contraindications to therapy are treated with
IV tPA. Patients who present between 3 and 4.5 hours
after stroke onset and have no contraindications may be
considered for treatment with IV tPA. Patients who are
not eligible for IV tPA (due to delayed time to pre-
sentation or contraindications to tPA therapy such as
recent surgery or coagulopathy) can be considered for
endovascular therapy.
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esthetic management during these procedures is still mostly
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treatment of AIS. The task force conducted a systematic liter-
ature review (up to August 2012). Because of the limited number
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Heart Association evidence rating scheme. The draft consensus
statement was reviewed by the Task Force, SNACC Executive
Committee and representatives of Society of NeuroInterven-
tional Surgery (SNIS) and Neurocritical Care Society (NCS)
reaching consensus on the final document. For this consensus
statement the anesthetic management of endovascular treatment
of AIS was subdivided into 12 topics. Each topic includes a
summary of available data followed by recommendations. This
consensus statement is intended for use by individuals involved
in the care of patients with acute ischemic stroke, such as an-
esthesiologists, interventional neuroradiologists, neurologists,
neurointensivists, and neurosurgeons.

Key Words: anesthetic management, ischemic stroke, endovas-
cular treatment

(J Neurosurg Anesthesiol 2014;26:95–108)
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travenous thrombolysis in carefully selected patients.
Several studies have shown intra-arterial thrombolysis or
mechanical clot-removing devices to be efficacious for
recanalization and restoration of cerebral blood flow,
which has been correlated with better neurological out-
come.1–4 However, recent data from randomized clinical
trials suggest that endovascular therapy was not superior
to intravenous tissue plasminogen activator (tPA).5–7 All
patients who present within 3 hours of symptom onset
and have no contraindications to therapy are treated with
IV tPA. Patients who present between 3 and 4.5 hours
after stroke onset and have no contraindications may be
considered for treatment with IV tPA. Patients who are
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MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Accident	vasculaire	cérébral

• Identifier	moment	précis	du	début	des	symptômes
• « Dernière	fois	dans	état	normal »	
• « Last	know	to	be well (LKW) »	

• Indications	de	thrombolyse	IV	en	évolution…
• Délai	entre	LKW	et	traitement	<	3	hrs (I,	A)
• Délai	entre	LKW	et	traitement	3	– 4.5	hrs (I,	B)

• Exclusion:	>	79	ans,	warfarine,	Db +	ATCD	AVC,	NIHSS	>	25	
• Délai	entre	LKW	et	traitement	>	4.5	hrs si	imagerie	
favorable	(IIa,	B)
• Wake-up stroke	(LKW	≈	7	hrs,	délai	LKW	et	rTPA ≈ 10	hrs)	

Caruso	et	al.	Neurol Sci 2018

CBF CBV MTT

Core-penumbra 24h	post-tx
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NIHSS	et	ASPECT	Score

aspectsinstroke.com

• NIH	Stroke	Scale
• Examen	neurologique	standardisé
• 15	items,	total	42	points	

• État	de	conscience
• Fonction	visuelles
• Langage
• Fonction	motrices
• Fonction	sensitives	et	négligence
• Fonction	cérébelleuse

• NIHSS	>	10	è 80%	occlusion	proximale
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Accident	vasculaire	cérébral

• Indications	de	thrombectomie également	en	évolution…
• Occlusion	proximale	de	circulation	antérieure	(CI,	M1,	NIHSS	≥	10)

• Circulation	antérieure:	NIHSS	≥	6,	ASPECTS	≥ 6	et	délai	tx depuis	LKW	<	6	hrs
• 6	RCT	(REVASCAT,	SWIFT	PRIME,	EXTEND-IA,	ESCAPE,	THRACE,	MR	CLEAN)
• mRS 0-2	(autonome)	à	90	jours	=	46%	vs	27%	
• Bénéfices	incertains	si	M2	ou	M3,	ACA,	vertébrobasilaire – mais	tx peut	être	raisonnable…

• Circulation	antérieure	et	délai	depuis	LKW	entre	6-24	hrs si	imagerie	favorable
• DAWN	(6-24	hrs)	et	DEFUSE	3	(6-16	hrs)
• mRS 0-2	(autonome)	à	90	jours	=	49-47%	vs	13-17%

• Occlusion	basilaire	=	pas	d’études	randomisées	
• À	venir:	BASICS	(NCT01717755)	=	RCT	multicentrique	300	patients	thrombolyse	+/- thrombectomie
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Impact	du	délai	de	traitement

Saver JL.	Stroke	2006

and myelinated fibers by using a disector probe that samples
isolated particles with a uniform probability in 3-dimensional
space regardless of their size, shape, or orientation in tissue.20

The total number of neurons in the average human brain is
!130 billion. However, cerebellar granular cells contribute
disproportionately to this sum. There are 21.5 billion (CV
0.19) neurons in the typical human neocortex and no less than
109 billion (CV 0.17) granule cell neurons in the typical
cerebellum.20,21 Given the divergent cellular architectures of
the forebrain and the hindbrain and the fact that the great
preponderance of ischemic strokes are supratentorial, it is
most sensible to estimate neuronal circuitry in a typical
ischemic stroke based on events occurring in the forebrain.
Volumetrically, human forebrain gray matter is on average
comprised of the neocortex (86%), the archi/paleocortex
(7%), and the central gray (7%).20 The total number of
neurons comprising the neocortex are well-delineated.20 The
total number of neurons in the archi/paleocortex and the
central gray are not well-described but can be roughly
imputed from studies of neuronal density in select compart-
ments.22,23 The resulting estimated total number of neurons in
the average human forebrain is 22 billion. Stereological
methods have also demonstrated that there are an average of
150 trillion (CV 0.15) synapses in the average human
neocortex.24 Applying the same imputations to synapses as to
neurons yields an estimated 157 trillion synapses in the
average human forebrain.

Several studies have used neurostereological techniques to
estimate the total length of myelin fibers in human hemi-
spheric white matter. Among estimates ranging from 118 000
to 180 000,20,25 the figure of 135 000 km (84 500 miles) is a
reasonable figure to use as the total length of myelinated
fibers in the average human forebrain.26 Stereological mea-
surement of brains from across the human lifespan has
demonstrated that the neocortex loses !31 million neurons
per year in normal aging.20

Time Is Brain Quantified
The Table shows the values for the pace of brain circuitry loss
in a typical large vessel supratentorial ischemic stroke de-
rived from the above inputs.

Every minute in which a large vessel ischemic stroke is
untreated, the average patient loses 1.9 million neurons, 13.8
billion synapses, and 12 km (7 miles) of axonal fibers. Each
hour in which treatment fails to occur, the brain loses as many
neuron as it does in almost 3.6 years of normal aging.

These estimates are robust across the range of values
interrogated in sensitivity analysis. Varying single inputs to
their maximum or minimum alters the estimates up or down

only 3-fold. (For example, inputting into the neurons lost per
unit time formula a low value of 6 hours and a high value of
18 hours for the duration of evolution of stroke, rather than
the best estimate value of 10 hours, yields, respectively, rates
of neuronal loss estimates of 3.2 and 1.1 million neurons per
minute, rather than the best estimate of 1.9 million.) These
estimates apply only to large vessel, supratentorial ischemic
strokes, the most common ischemic stroke subtype. Lacunar
and infratentorial ischemic strokes likely have different val-
ues, which are less reliably estimated from the current
literature.

A Call to Action
Densely packed, intricately patterned, substrate of mind and
awareness, the human brain is a wonder of nature. In an acute
ischemic stroke, vast numbers of neurons, synapses, and
nerve fibers are irretrievably lost every moment in which
treatment does not occur. The figures stagger and motivate.
Ischemic stroke is a highly treatable neuroemergency. For
patients experiencing acute ischemic stroke, and for the
physicians and allied health personnel treating them, every
second counts.

Acknowledgments
This study was supported in part by National Institutes of Health-
National Institute of Neurological Disorders and Stroke Awards U01
NS 44364 and P50 NS044378. I am grateful to Jeffrey Gornbein,
PhD, for statistical consultation and to David Liebeskind, MD for
insightful comments and suggestions.

References
1. Gomez C. Time is brain. J Stroke Cerebrovasc Dis. 1993;3:1–2.
2. Am Stroke Association/Ad Council Public Service Announcement. With a

stroke, time lost is brain lost. Available at: http://www.americanheart.org/
downloadable/heart/1079710530783M1815timelost1proad0 113
047x10b2BC4C.pdf. Accessed April 14, 2005.

3. Lee TH. Effective reperfusion for acute myocardial infarction begins with
effective health policy. Ann Intern Med . 1997;126:652–653.

4. Parsons A, Irving EA, Legos JJ, Lenhard SC, Chandra S, Schaeffer TR,
Haimbach RE, White RF, Hunter AJ, Barone FC. Acute stroke therapy:
translating preclinical neuroprotection to therapeutic reality. Curr Opin
Invest Drugs. 2000;1:452–463.

5. Neumann-Haefelin T, Kastrup A, de Crespigny A, Yenari MA, Ringer T,
Sun GH, Moseley ME. Serial MRI after transient focal cerebral ischemia
in rats. Stroke. 2000;31:1965–1973.

6. Bardutzky J, Shen Q, Bouley J, Sotak CH, Duong TQ, Fisher M. Per-
fusion and diffusion imaging in acute focal cerebral ischemia: temporal vs
spatial resolution. Brain Res. 2005;1043:155–162.

7. Saita K, Chen M, Spratt NJ, Porritt MJ, Liberatore GT, Read SJ, Levi CR,
Donnan GA, Ackermann U, Tochon-Danguy HJ, Sachinidis JI, Howells
DW. Imaging the ischemic penumbra with 18F-Fluoromisonidazole in a
rat model of ischemic stroke. Stroke. 2004;35:975–980.

8. Markus R, Reutens DC, Kazui S, Read S, Wright P, Chambers BR,
Sachinidis JI, Tochon-Danguy HJ, Donnan GA. Topography and
temporal evolution of hypoxic viable tissue identified by 18F-

Estimated Pace of Neural Circuitry Loss in Typical Large Vessel, Supratentorial
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Neurons Lost Synapses Lost Myelinated Fibers Lost Accelerated Aging

Per Stroke 1.2 billion 8.3 trillion 7140 km/4470 miles 36 y

Per Hour 120 million 830 billion 714 km/447 miles 3.6 y

Per Minute 1.9 million 14 billion 12 km/7.5 miles 3.1 wk

Per Second 32 000 230 million 200 meters/218 yards 8.7 h
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global statistical test. For this global test, we used 
generalised estimating equations to estimate the odds 
ratio, 95% CIs, and p values calculated from correlated 
binary outcomes in a logistic regression model. For the 
modifi ed Rankin Scale (0–1) as an independent outcome, 
we used the likelihood ratio test in a logistic regression 
model for binary outcomes to test for the OTT by 
treatment interaction and for calculation of odds ratios 
and 95% CI. The latter approach was also used for the 
two dichotomised safety outcomes—ie, mortality, and 
parenchymal haemorrhage type 2.

All trials were missing one or more of these outcome 
measures at 90 days for some patients. We applied a con-
servative algorithm for assigning outcomes based on 
measure ment made earlier than 90 days for these 
patients. If vital status was unknown or measurements 
were not available after baseline, the worst score for the 
modifi ed Rankin Scale, NIHSS, or Barthel Index was 
assigned. If measure ments were available after baseline 
in survivors, we allowed the last known score to be carried 
forward; other wise for survivors we imputed worst score 
excluding death. The algorithm allowed all patients with 
known OTT to be included in the fi nal analysis. 12, 11, 33, 
37, 23, 83, and 47 patients from NINDS part 1, NINDS 
part 2, ECASS I, ECASS II, ECASS III, ATLANTIS A, 
and ATLANTIS B, respectively, were missing one or 
more outcomes at 3 months on the basis of this algorithm 
and were given the worst out comes.1–6 In the original 
report on the NINDS trials, only one patient in part 1 and 
four in part 2 were reported as having missing outcomes.1 
For the other 18 patients, outcomes after 90 days were 
available. One patient in the EPITHET trial withdrew 
consent before treat ment and was excluded, and one 
declined assessment at day 90 and was excluded from 
analysis of 90-day outcomes.7

To obtain maximum study power to establish whether 
the eff ect of alteplase changes with OTT, we tested for 
an interaction between the two, treating OTT as a con-
tinuum in a logistic regression model, after validating 
the linearity of log-odds for the OTT variable. Since 
there might be potential confounders that mask or 
exaggerate the treatment by OTT interaction, the other 
baseline variables associated with stroke outcome from 
previous publications were considered for inclusion 
into a multivariate logistic regression model. Full 
details about treatment of variables is provided in 
webappendix p 5.

Numbers needed to treat for favourable outcome were 
calculated by inversion of the absolute risk reduction, 
which in turn was based on the rates of favourable 
outcome seen in the placebo group and the adjusted odds 
ratios for favourable outcome.

The distributions of the modifi ed Rankin scores in 
the four time intervals were analysed by a Cochran–
Mantel-Haenszel test, without adjustment for 
prognostic variables.16,17 After we completed the 
prospective analysis for the ATLANTIS, ECASS, and 
NINDS trials, data from the EPITHET study were 
combined with the other trials and the analyses 
repeated. Unless stated otherwise, results are based on 
fi nal analysis. Statistical analysis was done with SAS 
version 8.2.

Role of the funding source 
There was no funding source for this study. The 
academic authors drafted the report after discussion by 
the writing committee of results from an agreed 
analysis plan. The writing committee had access to all 
analyses and all data in the study and had sole 
responsibility for the content of the report. The writing 

Modifi ed Rankin score 0–1 at 90 days,* 
n/N (%)

Odds ratio (95% CI) p value Estimated number needed 
to treat† for modifi ed 
Rankin score 0–1

Composite endpoint at 
90 days; odds ratio (95% CI)‡

p value

Alteplase Placebo

0–90 min 67/161 (41·6%) 44/151 (29·1%) 2·55 (1·44–4·52) 0·0013 4·5 2·84 (1·75–4·60)§ <0·0001

91–180 min 127/303 (41·9%) 91/315 (28·9%) 1·64 (1·12–2·40) 0·0116 9·0 1·52 (1·10–2·11)§ 0·0119

181–270 min 361/809 (44·6%) 306/811 (37·7%) 1·34 (1·06–1·68) 0·0135 14·1 1·32 (1·09–1·61) 0·0054

181–270 min (excluding 
EPITHET7 data)

358/795 (45·0%) 303/794 (38·2%) 1·32 (1·04–1·66) 0·0202 14·9 1·31 (1·08–1·60) 0·0074

271–360 min 215/575 (37·4%) 193/542 (35·6%) 1·22 (0·92–1·61) 0·1628 21·4 1·22 (0·96–1·54) 0·1057

271–360 min (excluding 
EPITHET7 data)

200/539 (37·1%) 184/512 (35·9%) 1·16 (0·87–1·54) 0·3063 28·7 1·16 (0·91–1·48) 0·2394

0–360 min 770/1849 (41·6%) 634/1820 (34·8%) 1·40 (1·20–1·63) <0·0001 12·6 1·36 (1·22–1·58) <0·0001

0–360 min (excluding 
EPITHET7 data)

752/1798 (41·8%) 622/1772 (35·1%) 1·38 (1·18–1·60) <0·0001 13·1 1·36 (1·20–1·56) <0·0001

Data adjusted for stroke onset to start of treatment (OTT), National Institutes of Health Stroke Scale (NIHSS) score at baseline, age, diastolic blood pressure (<70, 71–90, >90 mm Hg), previous hypertension, 
previous stroke, and interaction of age and NIHSS score. *For the modifi ed Rankin score (0–1) as an independent outcome we used the likelihood ratio test in a logistic regression model for binary outcomes to 
test for the OTT by treatment interaction and for calculation of odds ratios and 95% CI. †Number needed to treat with alteplase to achieve one additional favourable outcome. ‡For the composite endpoint, we 
used generalised estimating equations to estimate the odds ratio, 95% CIs, and p values calculated from correlated binary outcomes in a logistic regression model. §Minor diff erences between the estimated odds 
ratios for the composite endpoint within 0–90 min and 91–180 min compared with those previously published (2·81 and 1·55 respectively)8 are caused by changes in availability of prognostic data across trials.

Table 2: Modifi ed Rankin scores and composite endpoint (modifi ed Rankin score, Barthel Index score, and NIHSS score), by OTT interval

See Online for webappendix

Lees	et	al.	Lancet	2010

• Réduction	des	bénéfices	avec	le	temps…
• Augmentation	de	mortalité	avec	le	temps…

• Délai	de	30-minutes	=	réduction	de	probabilité	
d’évolution	favorable	vers	autonomie	
complète	(mRS 0-1)	à	3	mois	de	10%	
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Overall mortality in the 3669 patients in the fi nal analysis 
(a patient in EPITHET7 who declined assessment at day 90 
was excluded from the survival analysis) was 474 (12·9%), 
13·9% in the alteplase group and 11·9% in the control 
group (table 3). The full analysis found an association 
between OTT and mortality (p=0·0444; fi gure 2), and a 
signifi cant increase in deaths at OTT beyond 4·5 h 
(fi gure 1, table 3). Signifi cance was marginal without 
EPITHET7 data (p=0·0582) in the fi rst analysis. CIs for 
mortality in both models excluded 1·0 after approximately 
4·5 h OTT. Compared with earlier intervals, the absolute 
mortality at 270–360 min was similar for patients in the 
alteplase group but lower for patients in the placebo group; 
both groups had milder severity of stroke. 

Large intracranial haemorrhage (parenchymal haema-
toma type 2) was seen in 96 (5·2%) of 1850 patients in 
the alteplase group and in 18 (1·0%) of 1820 controls 
(1·0%), an excess of 4·2% (odds ratio 5·37, 95% CI 
3·22–8·95, p<0·0001; table 4). Unadjusted mortality by 
90 days in patients with parenchymal haematoma type 2 
was 58% (56 of 96 patients) but such patients represented 
only 22% (56 of 257) of all deaths. The odds ratio for 
paren chymal haematoma type 2 was substantially 
greater than 1·0 in all intervals. The absolute rates of 
haemorrhage were similar across OTT intervals (table 4). 
The adjusted model (fi gure 1) does not confi rm an 
interaction with OTT (p=0·4140), although the low rate 
of parenchymal haematoma type 2 in some strata limits 
reliability of the estimation.

The distributions of the modifi ed Rankin scores for the 
alteplase versus placebo groups in the four OTT intervals 
(fi gure 2) diff ered when treatment was initiated before 
270 min (fi gure 2) but there was no net benefi t in patients 
treated between 271 min and 360 min.

For sensitivity analysis, all of the results were confi rmed 
in the subgroup of trials done with the approved dose of 
alteplase (0·9 mg/kg)—ie, without inclusion of the fi rst 
ECASS trial in which 1·1 mg/kg was used.3 No result was 
substantially altered by the exclusion of ECASS data. A 
similar analysis was done that included trials requiring 
only CT imaging for entry—ie, without inclusion of 
EPITHET7 data as originally proposed. Again, results 
were not aff ected (tables 2–4).

Discussion
This updated pooled analysis introduces new information 
about three topics. First, the inclusion of a new 
independently positive trial, ECASS III,2 has added data 
to the crucial 3–4·5 h interval for which, previously, we 
did not have a suffi  cient sample to determine the shape 
of the relation between time to treatment and treatment 
eff ect. Second, our analysis describes not just benefi t but 
also risk in relation to treatment delay. Third, considering 
benefi t or risk in isolation contrasts with usual clinical 
practice. We are now in a position to present the overall 
eff ect of treatment in relation to treatment delay in a way 
that can assist clinical decisions.

Alteplase (n=809)

Score

100806040200

181–270 min

Placebo (n=811)

Score

1008060
Patients (%)

Patients (%)

Patients (%)

Patients (%)

40200

271–360 min
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Alteplase (n=576)
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Score 0 1 2 3 4 5 6

0 1 2 3 4 5 6

0 1 2 3 4 5 6

0 1 2 3 4 5 6

100806040200

0–90 min

Placebo (n=151)

Score

Alteplase (n=303)

100806040200

91–180 min

Placebo (n=315)

Figure 2: Distribution of modifi ed Rankin scores by OTT interval
OTT=onset to start of treatment. Defi nitions of scores: 0=no symptoms at all. 1=no signifi cant disability despite 
symptoms; able to carry out all usual duties and activities. 2=slight disability; unable to carry out all previous 
activities but able to look after own aff airs without assistance. 3=moderate disability; requiring some help, but 
able to walk without assistance. 4=moderately severe disability; unable to walk without assistance, and unable to 
attend to own bodily needs without assistance. 5=severe disability; bedridden, incontinent, and requiring 
constant nursing care and attention. 6=dead. The alteplase versus placebo distributions were compared within 
each interval by Cochran-Mantel-Haenszel test without adjustment for prognostic factors: (A) 0–90 min, 
p=0·0354; (B) 91–180 min, p=0·0522; (C) 181–270 min, p=0·0308; (D) 271–360 min, p=0·4537.

Number of 
patients

Mortality, n/N (%) Odds ratio* (95% CI) p value

Placebo Alteplase

0–90 min 312 31/151 
(20·5%)

30/161 
(18·6%)

0·78 (0·41–1·48) 0·4400

91–180 min 618 49/315 
(15·6%)

51/303 
(16·8%)

1·13 (0·70–1·82) 0·6080

181–270 min 1620 82/811 
(10·1%)

89/809 
(11·0%)

1·22 (0·87–1·71) 0·2517

181–270 min (excluding 
EPITHET7 data)

1589 79/794 
(10·0%)

84/795 
(10·6%)

1·20 (0·85–1·70) 0·3071

271–360 min 1117 55/542 
(10·2%)

86/575 
(15·0%)

1·49 (1·00–2·21) 0·0501

271–360 min (excluding 
EPITHET7 data)

1051 51/512 
(10·0%)

79/539 
(14·7%)

1·46 (0·96–2·21) 0·0780

0–360 min 3669 217/1820 
(11·9%)

257/1849 
(13·9%)

1·19 (0·96–1·47) 0·1080

0–360 min (excluding 
EPITHET7 data)

3570 210/1772 
(11·8%)

244/1798 
(13·6%)

1·17 (0·94–1·45) 0·1578

OTT=onset to start of treatment. *Odds ratio adjusted for National Institutes of Health Stroke Scale at baseline (0–7, 
8–14, 15–18, >18), age, and diastolic blood pressure (<70, 71–90, >90 mm Hg).

Table 3: Mortality by OTT interval
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Impact	du	délai	de	traitement:	thrombectomie

Saver et	al.	JAMA	2016

• Délai	de	reperfusion	et	probabilité	
d’autonomie	fonctionnelle:	
• 180	minutes	=	64%	
• 480	minutes	=	46%

• Chaque	délai	de	9-minutes	
augmente	la	probabilité	de	1%	
d’empirer	l’évolution	neurologique	
(augmentation	du	mRS de	≥	1)

Copyright 2016 American Medical Association. All rights reserved.

magnified in the time segment from emergency department
arrival through reperfusion (Table 2; eFigure 6 in Supplement
2). Considering outcome distributions across all mRS health

states, for every 4-minute delay in emergency department
door-to-reperfusion time, 1 of every 100 treated patients had
a worse disability outcome (eTable 12 in Supplement 2). Among

Figure 2. Association of Time From Symptom Onset to Actual Reperfusion Among Patients in the Endovascular
Thrombectomy Group Achieving Substantial Reperfusion With 90-Day Disability Outcomes Using an Adjusted
Ordinal Logistic Regression Model
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Data are from the 390 endovascular
group patients in whom substantial
reperfusion (modified Thrombolysis
in Cerebral Infarction score of 2b or 3)
was achieved. Rows are intercepts
from a single model using all 390
patients, treating time as a
continuous variable. Model adjusted
for age, sex, baseline stroke severity
(National Institutes of Health Stroke
Scale), target occlusion location, and
concomitant intravenous tissue
plasminogen activator.

Figure 1. Association of Time From Symptom Onset to Expected Time of Endovascular Thrombectomy Procedure Start (Arterial Puncture)
With Disability Levels at 3 Months in Endovascular (n = 633) vs Medical Therapy (n = 645) Groups
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mRS indicates modified Rankin Scale. Time was analyzed as a continuous
variable. Data were adjusted for age, sex, baseline stroke severity (National
Institutes of Health Stroke Scale), target occlusion location, and concomitant
intravenous tissue plasminogen activator. A, The 6-level mRS combined ranks 5
and 6 into a single worst outcome rank. The solid curve indicates the best linear
fit between the common odds ratio for improved outcome over the 6-level
mRS. The dashed curves indicate 95% CIs. The P value for interaction was .07.
The lower bound of the 95% CI crosses 1.0 at 438 minutes (vertical blue dashed
line). When the 7-level mRS was analyzed, with rank 5 considered a better
outcome than rank 6, the lower bound of the 95% CI crossed 1.0 at 418
minutes. B, Upper solid line of each colored band indicates outcome rate in the
endovascular thrombectomy group; lower dashed line of each band indicates
outcome rate in the medical care only group. The widths of the colored bands

indicate the absolute differences between the endovascular thrombectomy and
medical therapy groups for that mRS cut point at each time point. Categories
are cumulative, so that mRS 0-3 includes all patients with outcomes of mRS 0-3.
For example, at the symptom onset to expected arterial puncture time of 300
minutes, the x intercepts indicate outcome rates (mRS 0: 8.3% for the
endovascular thrombectomy group vs 4.3% for the medical therapy group; mRS
0-1: 22.9% for the endovascular thrombectomy group vs 12.9% for the medical
therapy group; mRS 0-2: 43.1% for the endovascular thrombectomy group vs
28.2% for the medical therapy group; mRS 0-3: 62.7% for the endovascular
thrombectomy group vs 47.3% for the medical therapy group; mRS 0-4: 82.4%
for the endovascular thrombectomy group vs 72.0% for the medical therapy
group; mRS 0-5: 90.0% for the endovascular thrombectomy group vs 83.3%
for the medical therapy group).

Research Original Investigation Endovascular Thrombectomy and Outcomes in Ischemic Stroke

1284 JAMA September 27, 2016 Volume 316, Number 12 (Reprinted) jama.com

Copyright 2016 American Medical Association. All rights reserved.
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302 min vs 288 min, p=0·57, table 1).
Finally, we assessed bias between studies and found 

little to no bias for all studies except THRACE, which 
used unblinded assessment of day 90 functional 
outcome (appendix).

Discussion
Patients treated under GA had poorer outcomes compared 
with those treated without GA, after adjust ment for 
baseline characteristics. The magnitude of this effect was 
clinically significant—for every 100 patients treated under 
GA versus those who were treated without GA, 18 patients 
would have worse functional outcome, including ten who 
would not achieve functional independence However, a 
significant benefit of endovascular thrombectomy over 
standard care was retained in patients treated under GA.

The randomised trials differed in their proportion of 
patients treated under GA but the experience in the 
REVASCAT11 and ESCAPE8 studies, which discouraged 
GA, was that less than 10% of patients who had anterior 
circulation stroke had an absolute requirement for GA. 
MR CLEAN previously reported that GA was associated 
with marked attenuation of treatment effect.2 It is 
possible that the lower rate of revascularisation in MR 
CLEAN7 attenuated the potential treatment benefit 
compared with EXTEND-IA9 and SWIFT PRIME.10 
However, the THRACE trial13 reported no difference in 
outcomes in patients treated with or without GA despite 

a similar effect size to MR CLEAN.
The method of GA in these randomised trials was 

entirely at the discretion of the treating team and there 
were no formal protocols specifying anaesthetic agents, 
blood pressure targets, or other aspects of physiological 
management. This is in contrast to the highly 
protocol-specified approach to both GA and conscious 
sedation in the SIESTA,3 ANSTROKE,4 and GOLIATH 
trials.5 In particular, strict attention to maintaining 
systolic blood pressure at more than 140 mmHg 
throughout the procedure (including during anaesthetic 
induction) might have been crucial to preserving collateral 
blood flow to the ischaemic penumbra and preventing a 
harmful effect of GA. There were also specified criteria to 
prevent hyperventilation or hypoventilation.

Standard 
care (n=893)

Endovascular 
thrombectomy 
with GA (n=236)

Endovascular 
thrombectomy 
without GA 
(n=561)

GA vs standard care* No GA vs standard care* No GA vs GA*

Effect size OR 
(95%CI)

p value Effect size OR 
(95%CI)

p value Effect size OR 
(95%CI)

p value

Primary outcome

Functional outcome at 90 days (mRS)† 4 (2–5) 3 (2–4) 2 (1–4) ·· ·· ·· ·· ·· ··

Covariate adjusted common odds ratio ·· ·· ·· 1·52 (1·09–2·11) 0·014 2·33 (1·75–3·10) <0·0001 1·53 (1·14–2·04) 0·0044

Propensity-score stratification common 
odds ratio

·· ·· ·· 1·42 (1·09–1·84) 0·0084 2·21 (1·65–2·95) <0·0001 1·44 (1·08–1·92) 0·012

Secondary outcomes

Independent functional outcome (mRS 0–2) 268/877 
(31%)

94/234 (40%) 282 (50%) 1·62 (1·16–2·26) 0·0050 2·72 (1·99–3·72) <0·0001 1·65 (1·14–2·38) 0·0078

Excellent functional outcome (mRS 0–1) 146/877 
(17%)

53/234 (23%) 177 (32%) 1·53 (1·02–2·31) 0·041 2·72 (2·00–3·69) <0·0001 1·68 (1·12–2·52) 0·013

Early neurological improvement (NIHSS 
reduction ≥8 points or reaching 0–1 at 24 h)‡

204/857 
(24%)

86/226 (38%) 293/550 (53%) 2·02 (1·36–3·00) 0·0005 3·92 (2·73–5·62) <0·0001 1·75 (1·23–2·48) 0·0020

Safety

Death within 90 days 153/884 
(17%)

41 (17%) 75 (13%) 1·01 (0·67–1·52) 0·96 0·73 (0·52–1·02) 0·066 0·71 (0·44–1·14) 0·15

Symptomatic intracerebral haemorrhage§ 31/877 (4%) 10/228 (4%) 21/556 (4%) 1·19 (0·56–2·51) 0·65 1·14 (0·62–2·10) 0·68 0·95 (0·41–2·19) 0·90

Parenchymal haematoma 86/842 
(10%)

32/223 (14%) 61/533 (11%) 1·38 (0·86–2·22) 0·19 1·25 (0·72–2·16) 0·42 0·97 (0·60–1·58) 0·90

Data are median (IQR) or n (%). GA=general anaesthesia. OR=odds ratio. mRS=modified Rankin scale. NIHSS=National Institutes of Health stroke scale.ASPECTS= Alberta stroke program early CT score. *Adjusted 
for age, sex, baseline stroke severity, site of occlusion, intravenous alteplase treatment, ASPECTS, and time from onset to randomisation. †mRS ranges from normal (0) to death (6). Analysis combined mRS 5 & 
6. ‡NIHSS score ranges from normal (0) to death (42), an 8-point reduction is highly clinically significant. §As defined by source trial.

Table 2: Outcomes in patients treated with standard care versus endovascular thrombectomy with or without GA

Standard care (n=877)

GA (n=234)

No GA (n=561)

6·5 10·1 13·9 15·7 25·0 11·3 17·4 

7·3 15·4 17·5 18·4 18·8 5·1 17·5 

12·3 19·3 18·7 15·3 14·6 6·4 13·4 0
1
2
3
4
5
6

Modified Rankin
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Figure 2: Distribution of modified Rankin Scale
3-month outcomes in patients treated with endovascular thrombectomy under GA or without general anaesthesia 
(no GA) versus the standard medical care group. GA=general anaesthesia.
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302 min vs 288 min, p=0·57, table 1).
Finally, we assessed bias between studies and found 

little to no bias for all studies except THRACE, which 
used unblinded assessment of day 90 functional 
outcome (appendix).

Discussion
Patients treated under GA had poorer outcomes compared 
with those treated without GA, after adjust ment for 
baseline characteristics. The magnitude of this effect was 
clinically significant—for every 100 patients treated under 
GA versus those who were treated without GA, 18 patients 
would have worse functional outcome, including ten who 
would not achieve functional independence However, a 
significant benefit of endovascular thrombectomy over 
standard care was retained in patients treated under GA.

The randomised trials differed in their proportion of 
patients treated under GA but the experience in the 
REVASCAT11 and ESCAPE8 studies, which discouraged 
GA, was that less than 10% of patients who had anterior 
circulation stroke had an absolute requirement for GA. 
MR CLEAN previously reported that GA was associated 
with marked attenuation of treatment effect.2 It is 
possible that the lower rate of revascularisation in MR 
CLEAN7 attenuated the potential treatment benefit 
compared with EXTEND-IA9 and SWIFT PRIME.10 
However, the THRACE trial13 reported no difference in 
outcomes in patients treated with or without GA despite 

a similar effect size to MR CLEAN.
The method of GA in these randomised trials was 

entirely at the discretion of the treating team and there 
were no formal protocols specifying anaesthetic agents, 
blood pressure targets, or other aspects of physiological 
management. This is in contrast to the highly 
protocol-specified approach to both GA and conscious 
sedation in the SIESTA,3 ANSTROKE,4 and GOLIATH 
trials.5 In particular, strict attention to maintaining 
systolic blood pressure at more than 140 mmHg 
throughout the procedure (including during anaesthetic 
induction) might have been crucial to preserving collateral 
blood flow to the ischaemic penumbra and preventing a 
harmful effect of GA. There were also specified criteria to 
prevent hyperventilation or hypoventilation.

Standard 
care (n=893)

Endovascular 
thrombectomy 
with GA (n=236)

Endovascular 
thrombectomy 
without GA 
(n=561)

GA vs standard care* No GA vs standard care* No GA vs GA*

Effect size OR 
(95%CI)

p value Effect size OR 
(95%CI)

p value Effect size OR 
(95%CI)

p value

Primary outcome

Functional outcome at 90 days (mRS)† 4 (2–5) 3 (2–4) 2 (1–4) ·· ·· ·· ·· ·· ··

Covariate adjusted common odds ratio ·· ·· ·· 1·52 (1·09–2·11) 0·014 2·33 (1·75–3·10) <0·0001 1·53 (1·14–2·04) 0·0044

Propensity-score stratification common 
odds ratio

·· ·· ·· 1·42 (1·09–1·84) 0·0084 2·21 (1·65–2·95) <0·0001 1·44 (1·08–1·92) 0·012

Secondary outcomes

Independent functional outcome (mRS 0–2) 268/877 
(31%)

94/234 (40%) 282 (50%) 1·62 (1·16–2·26) 0·0050 2·72 (1·99–3·72) <0·0001 1·65 (1·14–2·38) 0·0078

Excellent functional outcome (mRS 0–1) 146/877 
(17%)

53/234 (23%) 177 (32%) 1·53 (1·02–2·31) 0·041 2·72 (2·00–3·69) <0·0001 1·68 (1·12–2·52) 0·013

Early neurological improvement (NIHSS 
reduction ≥8 points or reaching 0–1 at 24 h)‡

204/857 
(24%)

86/226 (38%) 293/550 (53%) 2·02 (1·36–3·00) 0·0005 3·92 (2·73–5·62) <0·0001 1·75 (1·23–2·48) 0·0020

Safety

Death within 90 days 153/884 
(17%)

41 (17%) 75 (13%) 1·01 (0·67–1·52) 0·96 0·73 (0·52–1·02) 0·066 0·71 (0·44–1·14) 0·15

Symptomatic intracerebral haemorrhage§ 31/877 (4%) 10/228 (4%) 21/556 (4%) 1·19 (0·56–2·51) 0·65 1·14 (0·62–2·10) 0·68 0·95 (0·41–2·19) 0·90

Parenchymal haematoma 86/842 
(10%)

32/223 (14%) 61/533 (11%) 1·38 (0·86–2·22) 0·19 1·25 (0·72–2·16) 0·42 0·97 (0·60–1·58) 0·90

Data are median (IQR) or n (%). GA=general anaesthesia. OR=odds ratio. mRS=modified Rankin scale. NIHSS=National Institutes of Health stroke scale.ASPECTS= Alberta stroke program early CT score. *Adjusted 
for age, sex, baseline stroke severity, site of occlusion, intravenous alteplase treatment, ASPECTS, and time from onset to randomisation. †mRS ranges from normal (0) to death (6). Analysis combined mRS 5 & 
6. ‡NIHSS score ranges from normal (0) to death (42), an 8-point reduction is highly clinically significant. §As defined by source trial.

Table 2: Outcomes in patients treated with standard care versus endovascular thrombectomy with or without GA

Standard care (n=877)

GA (n=234)

No GA (n=561)

6·5 10·1 13·9 15·7 25·0 11·3 17·4 

7·3 15·4 17·5 18·4 18·8 5·1 17·5 
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Figure 2: Distribution of modified Rankin Scale
3-month outcomes in patients treated with endovascular thrombectomy under GA or without general anaesthesia 
(no GA) versus the standard medical care group. GA=general anaesthesia.

HERMES	Lancet	Neurol 2018

• Méta-analyse	sur	données	individuelles	de	7	RCT
• 1764	patients,	131	centres
• Études	évaluant	thrombectomie vs	traitement	standard	
• Analyse	rétrospective
• AG	vs	pas	d’AG	(=	SC	ou	AL	seule)	
• Pas	de	protocole	standardisé	pour	AG

• AG	30%
• AG	– plus	jeunes,	plus	de	rtPA IV,	mois	de	DLP/Db
• SC	– meilleur	ASPECT	(8	vs	7)
• Délai	début	sx ad	reperfusion	=	idem
• Délai	radomisation ad	reperfusion	=	SC	85	vs	AG	105	min

• AG	n’élimine	pas	bénéfices	de	thrombectomie
• SC	shift	vers	bon	outcome (mRS ≤	2)	OR	2,62	(p<0.001)

BIAIS	DE	SÉLECTION!
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Thrombectomie:	RCT	SC	vs	AG	
Étude N Maintient SC	è AG

(%)
Délai
NRI-PCT
PCT-reperf
(min)

TICI	2b-3
(%)

D NIHSS	à
24h

mRS (0-2)	
à 90	jrs	
(%)

D taille
AVC	
(mL)

Note

SIESTA
Allemagne
(JAMA	2018)

150 SC	=	rémi /	PPF
AG =	rémi /	PPF

14% (66 vs	76)
109	vs	90

81	vs	89 -3.8 vs	-3.2 18	vs	37 N/A AG plus	de	
complications	
(HypoTo 33	vs	9%,	
pneumo	14	vs	4%)

AnStroke
Suède
(Stroke	2017)

90 SC	=	rémi TCI
AG	=	sévo/	rémi TCI

16% 25 vs	34
74 vs	55

89	vs	91 -8	vs	-9 40	vs	42 N/A AG	désavantagé
(NIHSS,	T carot,	G)
AG	plus	hypoTA >	
20%	(PAM	95	vs	91)

GOLIATH
Danemark
(JAMA	
Neurol 2017)

128 AG	=	fenta /	PPF
SC	= rémi /	PPF

6% 15 vs	24
29 vs	34

60	vs	77 -7	vs	-10 52	vs 67 19	vs	8 AG	plus	hypoTA
(PAM	102	vs 90)

CANVAS
Chine
(J	Neurosurg
Anesthesiol
2020)

43 SC	=	suf / PPF	TCI
AG	=	rémi /	PPF	TCI

18% 15	vs	27
78	vs	102

65	vs	95 N/A 50	vs	55 N/A AG plus	hypoTA >	
20%	(PAM	108	vs	89)
LMA
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Thrombectomie:	méta-analyse	RCT	SC	vs	AG	

TABLE 2. Pooled Outcomes
No. Studies GA CS OR (95% CI) P I2 (%)

Efficacy
Successful recanalization (%) 4 86.2 74.6 2.14 (1.26-3.62) 0.005 0
Good functional outcome* (%) 4 49.3 36.6 1.71 (1.13-2.59) 0.01 0

Safety
Intracerebral hemorrhage (%) 4 2.5 4.9 0.61 (0.20-1.85) 0.38 0
3-mo mortality (%) 4 14.8 21.5 0.62 (0.33-1.17) 0.14 21

*Modified Rankin Scale score 0 to 2 at 3 months.
CI indicates confidence interval; CS, conscious sedation; GA, general anesthesia; OR, odds ratio.

FIGURE 2. Forest plots for efficacy (A, B) and safety (C, D) outcomes. CI indicates confident interval; CS, conscious sedation; GA,
general anesthesia; mRS, modified Rankin Scale; TICI, Thrombolysis in Cerebral Infarction.
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Thrombectomie:	RCT	SC	vs	AG	

• Limites	des	données	disponibles
• Monocentrique (validité	externe,	variation	performance	– délai,	succès…)	
• Tailles	d’échantillons	relativement	limitées	
• Anesthésistes	(ou	neurointensiviste)	pour	toute	procédures	(SC	ou	AG)

• Plan	anesthésiques	variés	(agent,	monitoring,	intubation	vs	LMA)
• Protocole	standardisé	avec	cibles	précises

• AG	semble	sécuritaire… bénéfique?
• Effet	« neuroprotecteur »	direct?
• Procédure	de	meilleure	qualité?
• Effet	différentiel	selon	agent	utilisé	(PPF	vs	volatiles)?

• Délais	– AG	=	10	minutes	de	plus	mais	délai	de	reperfusion	similaire
• Équipes	rodées	avec	protocoles	et	objectifs	clairs
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Thrombectomie:	modalité	anesthésique

•Modification	des	lignes	directrices	AHA/ASA
Privilégier	sédation	consciente plutôt	qu’anesthésie	générale	(Stroke	2015)

↓
Individualiser	de	technique	anesthésique en	fonction	des	facteurs	de	risques	

du	patient,	de	considérations	techniques	de	la	procédure	et	d’autres	
caractéristiques	cliniques	(Stroke	2019)
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Abstract: Literature on the anesthetic management of endovas-
cular treatment of acute ischemic stroke (AIS) is limited. An-
esthetic management during these procedures is still mostly
dependent on individual or institutional preferences. Thus, the
Society of Neuroscience in Anesthesiology and Critical Care
(SNACC) created a task force to provide expert consensus
recommendations on anesthetic management of endovascular
treatment of AIS. The task force conducted a systematic liter-
ature review (up to August 2012). Because of the limited number
of research articles relating to this subject, the task force soli-
cited opinions from experts in this area. The task force created a
draft consensus statement based on the available data. Classes
of recommendations and levels of evidence were assigned to
articles specifically addressing anesthetic management during

endovascular treatment of stroke using the standard American
Heart Association evidence rating scheme. The draft consensus
statement was reviewed by the Task Force, SNACC Executive
Committee and representatives of Society of NeuroInterven-
tional Surgery (SNIS) and Neurocritical Care Society (NCS)
reaching consensus on the final document. For this consensus
statement the anesthetic management of endovascular treatment
of AIS was subdivided into 12 topics. Each topic includes a
summary of available data followed by recommendations. This
consensus statement is intended for use by individuals involved
in the care of patients with acute ischemic stroke, such as an-
esthesiologists, interventional neuroradiologists, neurologists,
neurointensivists, and neurosurgeons.

Key Words: anesthetic management, ischemic stroke, endovas-
cular treatment

(J Neurosurg Anesthesiol 2014;26:95–108)

Endovascular treatment of acute ischemic stroke (AIS)
provides a supplement or alternative to systemic in-

travenous thrombolysis in carefully selected patients.
Several studies have shown intra-arterial thrombolysis or
mechanical clot-removing devices to be efficacious for
recanalization and restoration of cerebral blood flow,
which has been correlated with better neurological out-
come.1–4 However, recent data from randomized clinical
trials suggest that endovascular therapy was not superior
to intravenous tissue plasminogen activator (tPA).5–7 All
patients who present within 3 hours of symptom onset
and have no contraindications to therapy are treated with
IV tPA. Patients who present between 3 and 4.5 hours
after stroke onset and have no contraindications may be
considered for treatment with IV tPA. Patients who are
not eligible for IV tPA (due to delayed time to pre-
sentation or contraindications to tPA therapy such as
recent surgery or coagulopathy) can be considered for
endovascular therapy.
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MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Anesthésie	pour	thrombectomie

•Modalité	selon	le	patient:	individualisation!

• Situation	urgente!!
• Fenêtre	de	traitement	élargie	≠	ralentir	cadence	du	traitement
• Information	disponible	limitée…

• « Baseline	ECG,	troponin,	creatinine,	platelet count,	coagulation	studies
(…)	should not	delay »	



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Anesthésie	pour	thrombectomie

• Placé	devant	le	fait	accompli…
• Procédure	déjà	en	cours
• Information	limitée
• Altération	d’état	de	conscience
• Hypoxémie,	obstruction	VRS,	vomissements
• Agitation	
• Accès	au	patient	limité

• Terrain	hostile	(hors	bloc)



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Anesthésie	pour	thrombectomie:	A-B-C

• Airway
• Intubation	si	AEC,	dysfonction	du	tronc	cérébral,	agitation,	N/V	préprocédure,	
obstruction	VRS	sous	sédation	consciente,	complication	procédurale		
• Monitoring	capnographique durant	sédation	consciente
• Estomac	plein?	(sédation	profonde?	TET	vs	ML?)

• Breathing
• Éviter	hypoxémie
• SpO2	>	94%,	PaO2	>	60	mmHg*	
• Normoventilation (PaCO2	35-45	mmHg)

• Hyperventilation	è réduction	du	DSC
• Hypoventilation	è phénomène	de	vol?
• Impact	différent	pré	vs	post-reperfusion?



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Anesthésie	pour	thrombectomie:	A-B-C

• Circulation	

• Cible	de	pression	artérielle	idéalement	individualisée	
• PA	préalable	(avant	AVC)
• Degré	de	collatéralisation
• Ajustement	en	fonction	de	neuromonitoring avancé?																									
• Considérer	PA	pré-intervention	comme	réponse	endogène	« appropriée »

• Monitoring	étroit	(mesure	invasive	vs	non-invasive)	
• « should not	delay »
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Thrombectomie:	cibles	de	pression	artérielle	

Avant	reperfusion
• DPAM	è croissance	infarctus
• DPAM	è pire	évolution	neuro	
• Chute	PAM	>	40%	
• PAM	<	100	mmHg avant	recanalisation

Petersen et al  Decreases in Blood Pressure During Thrombectomy  1799

90 days. Baseline characteristics for all patients are displayed 
in Table 1. The median procedure duration was 117 minutes 
(range 25–379). For patients who were successfully recana-
lized (TICI 2B or 3), the median time from procedure start to 
recanalization was 66 minutes (range 9–323).

Blood Pressure Reductions and Functional Outcome
The mean MAP at admission was 105±18 mm Hg, which 
increased to 114±21 mm Hg on arrival in the angiosuite. 
Compared with their own admission blood pressure, 87% of 
patients experienced reductions in MAP during EVT. The av-
erage maximum MAP reduction (∆MAP) was 31±20 mm Hg. 
∆MAP did not significantly vary by institution or by site of 
occlusion (Table I and II in the online-only Data Supplement).

Ninety-six (33%) of patients achieved functional indepen-
dence (mRS 0–2) at 3 months. Patients with good outcome 
were overall younger (65 versus 74 years; P<0.001), more 
likely to be male (56% versus 38%; P=0.004), and had fewer 
comorbidities and lower NIHSS scores at presentation (14 
versus 18; P=0.001). They were more frequently treated with 
tPA (tissue-type plasminogen activator) before EVT (70% 
versus 55%; P=0.0016). Differences were also observed in the 
distribution of Alberta Stroke Program Early CT (ASPECT) 
scores (P=0.005) and degree of reperfusion (P=0.001). The 
mean ∆MAP among patients with favorable outcomes was 
20±21 mm Hg compared with 30±24 mm Hg among patients 
with unfavorable outcomes (P=0.002). Results were similar 
for systolic blood pressure (SBP) reductions and functional 
outcome at 90 days (Table 2).

Associations of mRS at discharge and 90 days for all 
patients and their respective values for ∆MAP and aMAP are 
summarized in Table 3. ∆MAP was independently associated 
with higher (worse) mRS scores at discharge (adjusted odds 
ratio per 10 mm Hg, 1.17; 95% CI, 1.04–1.32; P=0.009) and 
at 90 days (adjusted odds ratio per 10 mm Hg, 1.22; 95% CI, 
1.07–1.38; P=0.003) after adjusting for age, ASPECT score, 
baseline blood pressure, admission NIHSS, TICI score, and 
onset-to-reperfusion time (Figure 2). For every 10 mm Hg 
reduction in MAP, there was a 22% increased likelihood of 
shifting towards worse outcomes on the mRS at 90 days. The 
association between aMAP and outcome was also signifi-
cant at discharge (P=0.002) and 90 days (P=0.001). A similar 

effect size and significance was found for the relationship 
using SBP measurements to substitute for MAP (Table 3) and 
for the subpopulation of reperfused patients (Table III in the 
online-only Data Supplement).

Blood Pressure Reductions and Infarct Progression
We calculated infarct growth in 154 patients who underwent 
both CT perfusion imaging with sufficient quality to estimate 
initial core infarct (cerebral blood flow <30%) and follow-up 
magnetic resonance imaging at 24 hours for determination of 
final infarct size.

In this subgroup, intraprocedural blood pressure reductions 
(∆MAP) and sustained relative hypotension (aMAP) were sig-
nificantly associated with infarct growth (P=0.003 and P=0.005; 
Figure 3; Table IV in the online-only Data Supplement). After 
adjusting for age, admission NIHSS, TICI score, and core in-
farct volume, ∆MAP remained independently associated with 
infarct growth (P=0.036) and final infarct volume (P=0.035). 
On average, there was a 4.1 mL increase in infarct volume for 
every 10 mm Hg decrease in MAP during EVT.

Discussion
In this cohort of patients with LVO from 2 large academic 
stroke centers, we demonstrated that blood pressure reduc-
tions and sustained relative hypotension during EVT are inde-
pendent predictors of worse functional outcome at discharge 
and 90 days.

Our results are in agreement with several other retrospec-
tive analyses that suggest that hypotension may contribute 
to worse outcomes related to the use of general anesthesia 
in endovascular stroke therapy.10,15–17 In a post hoc analysis 
of the MR CLEAN trial (Multicenter Randomized Clinical 
Trial of Endovascular Treatment for Acute Ischemic Stroke 
in the Netherlands), Treurniet et al10 demonstrated a similar 
dose-dependent association between blood pressure reduc-
tions and unfavorable outcome among patients undergoing 
general anesthesia for mechanical thrombectomy. Two addi-
tional retrospective studies found that SBP below 140 mm Hg 
and MAP below 70 mm Hg were predictors of poor neurolog-
ical outcome.15,18 Our study provides evidence for a potential 
mechanism leading to worse outcomes associated with blood 
pressure reductions. Using short-term imaging end points, 
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Figure 1. Schematic of data analysis and blood 
pressure reduction parameters. Mean arterial 
pressure (MAP) was measured continuously 
during endovascular thrombectomy (EVT; black 
line). ∆MAP was measured as the single greatest 
drop in blood pressure during EVT from base-
line admission levels (A). aMAP was calculated 
as the total area between admission MAP and 
intraprocedural MAP (B). Measurements were 
calculated until the time of vessel recanalization.

Maïer et	al.	Stroke	2019
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infarction, and parenchymal hematoma. HT was further classified as symp-
tomatic (symptomatic intracerebral hemorrhage [sICH]) if the hemorrhage 
was associated with a clinical worsening or an increase of ≥4 points on the 
National Institutes of Health Stroke Scale, as commonly defined.2–4

Statistical Analysis
Baseline characteristics of included subjects were summarized by 
means and SD for normally distributed continuous variables, medi-
ans, and interquartile ranges for skewed continuous variables and 
numbers (%) for categorical variables. We dichotomized mRS scores 
into favorable (mRS 0–2) and unfavorable (mRS ≥3) outcomes. 
We used χ2- or Fisher exact tests, t or Mann-Whitney U tests, and 
Kruskal-Wallis tests as appropriate for unadjusted comparisons. We 
performed adjusted analyses via ordinal, binary logistic, or linear 
regression modeling, as appropriate. We accounted for common 

confounders and known predictors of outcome after LVO stroke, in-
cluding age, admission National Institutes of Health Stroke Scale, 
Alberta Stroke Program Early CT Score, and Thrombolysis in 
Cerebral Infarction score. All statistics were computed using SPSS 
(Version 24, IBM Corp). Statistical significance was set at P<0.05 
(2-tailed) for all analyses, including the primary hypothesis that per-
cent time above fixed thresholds or outside of dynamic BP targets 
correlates with functional outcome.

Results
Subject Characteristics
Ninety patients were initially enrolled in the study (Table 1). 
Twelve patients were excluded from analysis due to insuffi-
cient monitoring time (n=6), poor signal quality (n=5), and 

Figure 1. Calculating optimal blood pressure and limits of autoregulation. Time-correlation analysis allowed for the calculation of a moving Pearson correla-
tion coefficient between continuous recordings of mean arterial pressure (MAP) and the near-infrared spectroscopy–derived tissue oxygenation index (TOI). 
The resultant tissue oxygenation autoregulatory index (TOx), derived as said rolling coefficient between 30 successive, time-averaged values of MAP and TOI, 
can then be displayed as a time series alongside MAP and TOI (not shown). Limits of autoregulation (A) were subsequently calculated by dividing MAP values 
into groups of 5 mm Hg and plotting them against corresponding TOx indices, resulting in a characteristic U-shaped curve. After superimposing a threshold 
for impaired autoregulation (TOx=+0.30), intersecting MAP values provide estimates of the lower and upper limits of autoregulation (LLA, ULA), which corre-
spond to the inflection points of the classic autoregulatory curve (red line in the online version of Figure 1). In B, a continuous time trend of optimal MAP (red 
line in the online version of Figure 1), ULA and LLA (red lines surrounding optimal MAP [MAPOPT] in the online version of Figure 1) can be calculated in this 
manner, while superimposing the patient’s real-time MAP (black line). This trend provides clinicians with a dynamically updating, visual blood pressure target, 
and areas of relative hypoperfusion or hyperperfusion can be readily interpreted at the bedside (see highlighted red areas between patient’s MAP and ULA in 
the online version of Figure 1, signifying periods in which the patient exceeded personalized limits of autoregulation). This approach can be compared with 
the current approach to systolic blood pressure (SBP) management, whereby clinicians titrate SBP below certain thresholds, disregarding individual factors 
like cerebral autoregulation. C and D display the same patient’s blood pressure recording over a 12-hour period; while SBP oscillated below fixed systolic 
targets of 180 mm Hg, as currently recommended, it is clear that the patient’s MAP frequently exceeded personalized targets, potentially rendering an injured 
brain vulnerable to further damage from relative hyperperfusion. In contrast, the patient's SBP was above the SBP threshold of 140 mm Hg during periods 
where his MAP was within limits of autoregulation and further lowering of BP in that setting may result in cerebral hypoperfusion. AHA indicates American 
Heart Association; CBF, cerebral blood flow; DAWN, DWI or CTP Assessment with Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes 
Undergoing Neurointervention; and TICI, Thrombolysis in Cerebral Infarction.
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Thrombectomie:	cibles	de	pression	artérielle	

Après	reperfusion	adéquate	(TICI	2b/3)
• %	temps	PAM	>	ULA	è pire	évolution	neuro
• %	temps	PAM	>	ULA	è transformation	hémorragie
• %	temps	PAM	<	LLA	è progression	d’infarctus

Petersen	et	al.	Stroke	2020

 
Supplemental Image I. Image of NIRS sensor placement. NIRS probes are placed over the 
frontal scalp, above the eyebrows and just below the hairline, curving around to the temples. In 
this manner, the probes sense oxy- and deoxyhemoglobin optical densities (corresponding to 
their concentrations via the Beer-Lambert law) in the territory most frequently supplied by the 
middle cerebral artery. This placement does not require shaving of eyebrows or the hairline.  
 
 

 
Supplemental Image II. Neuromonitoring setup. The monitoring currently requires one NIRS 
monitoring device and one laptop computer running ICM+ software (Cambridge Enterprise, 
Cambridge, UK) per patient. The laptop computer is connected to the patient’s bedside monitor 
to collect continuous physiologic variables including blood pressure. The integrating ICM+ 
software computes the limits of autoregulation from continuous near-infrared spectroscopy 
(NIRS) and blood pressure data. These thresholds can be displayed in real-time on the laptop 
monitor as dynamically updating visual targets for blood pressure management. 
 
 

Petersen et al  Fixed vs Autoregulation-Based Blood Pressure Goals  3

infarction, and parenchymal hematoma. HT was further classified as symp-
tomatic (symptomatic intracerebral hemorrhage [sICH]) if the hemorrhage 
was associated with a clinical worsening or an increase of ≥4 points on the 
National Institutes of Health Stroke Scale, as commonly defined.2–4

Statistical Analysis
Baseline characteristics of included subjects were summarized by 
means and SD for normally distributed continuous variables, medi-
ans, and interquartile ranges for skewed continuous variables and 
numbers (%) for categorical variables. We dichotomized mRS scores 
into favorable (mRS 0–2) and unfavorable (mRS ≥3) outcomes. 
We used χ2- or Fisher exact tests, t or Mann-Whitney U tests, and 
Kruskal-Wallis tests as appropriate for unadjusted comparisons. We 
performed adjusted analyses via ordinal, binary logistic, or linear 
regression modeling, as appropriate. We accounted for common 

confounders and known predictors of outcome after LVO stroke, in-
cluding age, admission National Institutes of Health Stroke Scale, 
Alberta Stroke Program Early CT Score, and Thrombolysis in 
Cerebral Infarction score. All statistics were computed using SPSS 
(Version 24, IBM Corp). Statistical significance was set at P<0.05 
(2-tailed) for all analyses, including the primary hypothesis that per-
cent time above fixed thresholds or outside of dynamic BP targets 
correlates with functional outcome.

Results
Subject Characteristics
Ninety patients were initially enrolled in the study (Table 1). 
Twelve patients were excluded from analysis due to insuffi-
cient monitoring time (n=6), poor signal quality (n=5), and 

Figure 1. Calculating optimal blood pressure and limits of autoregulation. Time-correlation analysis allowed for the calculation of a moving Pearson correla-
tion coefficient between continuous recordings of mean arterial pressure (MAP) and the near-infrared spectroscopy–derived tissue oxygenation index (TOI). 
The resultant tissue oxygenation autoregulatory index (TOx), derived as said rolling coefficient between 30 successive, time-averaged values of MAP and TOI, 
can then be displayed as a time series alongside MAP and TOI (not shown). Limits of autoregulation (A) were subsequently calculated by dividing MAP values 
into groups of 5 mm Hg and plotting them against corresponding TOx indices, resulting in a characteristic U-shaped curve. After superimposing a threshold 
for impaired autoregulation (TOx=+0.30), intersecting MAP values provide estimates of the lower and upper limits of autoregulation (LLA, ULA), which corre-
spond to the inflection points of the classic autoregulatory curve (red line in the online version of Figure 1). In B, a continuous time trend of optimal MAP (red 
line in the online version of Figure 1), ULA and LLA (red lines surrounding optimal MAP [MAPOPT] in the online version of Figure 1) can be calculated in this 
manner, while superimposing the patient’s real-time MAP (black line). This trend provides clinicians with a dynamically updating, visual blood pressure target, 
and areas of relative hypoperfusion or hyperperfusion can be readily interpreted at the bedside (see highlighted red areas between patient’s MAP and ULA in 
the online version of Figure 1, signifying periods in which the patient exceeded personalized limits of autoregulation). This approach can be compared with 
the current approach to systolic blood pressure (SBP) management, whereby clinicians titrate SBP below certain thresholds, disregarding individual factors 
like cerebral autoregulation. C and D display the same patient’s blood pressure recording over a 12-hour period; while SBP oscillated below fixed systolic 
targets of 180 mm Hg, as currently recommended, it is clear that the patient’s MAP frequently exceeded personalized targets, potentially rendering an injured 
brain vulnerable to further damage from relative hyperperfusion. In contrast, the patient's SBP was above the SBP threshold of 140 mm Hg during periods 
where his MAP was within limits of autoregulation and further lowering of BP in that setting may result in cerebral hypoperfusion. AHA indicates American 
Heart Association; CBF, cerebral blood flow; DAWN, DWI or CTP Assessment with Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes 
Undergoing Neurointervention; and TICI, Thrombolysis in Cerebral Infarction.
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infarction, and parenchymal hematoma. HT was further classified as symp-
tomatic (symptomatic intracerebral hemorrhage [sICH]) if the hemorrhage 
was associated with a clinical worsening or an increase of ≥4 points on the 
National Institutes of Health Stroke Scale, as commonly defined.2–4

Statistical Analysis
Baseline characteristics of included subjects were summarized by 
means and SD for normally distributed continuous variables, medi-
ans, and interquartile ranges for skewed continuous variables and 
numbers (%) for categorical variables. We dichotomized mRS scores 
into favorable (mRS 0–2) and unfavorable (mRS ≥3) outcomes. 
We used χ2- or Fisher exact tests, t or Mann-Whitney U tests, and 
Kruskal-Wallis tests as appropriate for unadjusted comparisons. We 
performed adjusted analyses via ordinal, binary logistic, or linear 
regression modeling, as appropriate. We accounted for common 

confounders and known predictors of outcome after LVO stroke, in-
cluding age, admission National Institutes of Health Stroke Scale, 
Alberta Stroke Program Early CT Score, and Thrombolysis in 
Cerebral Infarction score. All statistics were computed using SPSS 
(Version 24, IBM Corp). Statistical significance was set at P<0.05 
(2-tailed) for all analyses, including the primary hypothesis that per-
cent time above fixed thresholds or outside of dynamic BP targets 
correlates with functional outcome.

Results
Subject Characteristics
Ninety patients were initially enrolled in the study (Table 1). 
Twelve patients were excluded from analysis due to insuffi-
cient monitoring time (n=6), poor signal quality (n=5), and 

Figure 1. Calculating optimal blood pressure and limits of autoregulation. Time-correlation analysis allowed for the calculation of a moving Pearson correla-
tion coefficient between continuous recordings of mean arterial pressure (MAP) and the near-infrared spectroscopy–derived tissue oxygenation index (TOI). 
The resultant tissue oxygenation autoregulatory index (TOx), derived as said rolling coefficient between 30 successive, time-averaged values of MAP and TOI, 
can then be displayed as a time series alongside MAP and TOI (not shown). Limits of autoregulation (A) were subsequently calculated by dividing MAP values 
into groups of 5 mm Hg and plotting them against corresponding TOx indices, resulting in a characteristic U-shaped curve. After superimposing a threshold 
for impaired autoregulation (TOx=+0.30), intersecting MAP values provide estimates of the lower and upper limits of autoregulation (LLA, ULA), which corre-
spond to the inflection points of the classic autoregulatory curve (red line in the online version of Figure 1). In B, a continuous time trend of optimal MAP (red 
line in the online version of Figure 1), ULA and LLA (red lines surrounding optimal MAP [MAPOPT] in the online version of Figure 1) can be calculated in this 
manner, while superimposing the patient’s real-time MAP (black line). This trend provides clinicians with a dynamically updating, visual blood pressure target, 
and areas of relative hypoperfusion or hyperperfusion can be readily interpreted at the bedside (see highlighted red areas between patient’s MAP and ULA in 
the online version of Figure 1, signifying periods in which the patient exceeded personalized limits of autoregulation). This approach can be compared with 
the current approach to systolic blood pressure (SBP) management, whereby clinicians titrate SBP below certain thresholds, disregarding individual factors 
like cerebral autoregulation. C and D display the same patient’s blood pressure recording over a 12-hour period; while SBP oscillated below fixed systolic 
targets of 180 mm Hg, as currently recommended, it is clear that the patient’s MAP frequently exceeded personalized targets, potentially rendering an injured 
brain vulnerable to further damage from relative hyperperfusion. In contrast, the patient's SBP was above the SBP threshold of 140 mm Hg during periods 
where his MAP was within limits of autoregulation and further lowering of BP in that setting may result in cerebral hypoperfusion. AHA indicates American 
Heart Association; CBF, cerebral blood flow; DAWN, DWI or CTP Assessment with Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes 
Undergoing Neurointervention; and TICI, Thrombolysis in Cerebral Infarction.
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for impaired autoregulation (TOx=+0.30), intersecting MAP values provide estimates of the lower and upper limits of autoregulation (LLA, ULA), which corre-
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manner, while superimposing the patient’s real-time MAP (black line). This trend provides clinicians with a dynamically updating, visual blood pressure target, 
and areas of relative hypoperfusion or hyperperfusion can be readily interpreted at the bedside (see highlighted red areas between patient’s MAP and ULA in 
the online version of Figure 1, signifying periods in which the patient exceeded personalized limits of autoregulation). This approach can be compared with 
the current approach to systolic blood pressure (SBP) management, whereby clinicians titrate SBP below certain thresholds, disregarding individual factors 
like cerebral autoregulation. C and D display the same patient’s blood pressure recording over a 12-hour period; while SBP oscillated below fixed systolic 
targets of 180 mm Hg, as currently recommended, it is clear that the patient’s MAP frequently exceeded personalized targets, potentially rendering an injured 
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Autorégulation:	variation	intra	et	interindividuelle	

Petersen	et	al.	Stroke	2020

Supplemental Table VII. Comparison of percent time spent above SBP thresholds in 
patients with and without symptomatic intracerebral hemorrhage 

 No sICH sICH p Value 
%time SBP>120 mmHg 93.1 (75.1-99.3) 79.1 (67.2-84.7) 0.037 
%time SBP>140 mmHg 64.4 (28.0-86.0) 37.1 (8.5-54.7) 0.079 
%time SBP>160 mmHg 15.8 (2.1-45.4) 5.4 (1.7-18.3) 0.178 
%time SBP>180 mmHg 0.74 (0.16-5.7) 0.68 (0.44-1.4) 0.734 
%time SBP>DAWN 
threshold 

35.9 (4.6-80.7) 20.4 (1.8-54.7) 0.278 

%time 
SBP>REVASCAT 
threshold 

9.2 (0.80-26.6) 3.5 (0.78-18.3) 0.379 

 
Supplemental Table VII. Mann Whitney-U comparisons of percent time spent above SBP 
thresholds in patients with and without hemorrhagic transformation or symptomatic 
intracerebral hemorrhage. sICH, symptomatic intracerebral hemorrhage; SBP, systolic blood 
pressure. Data summarized by median and interquartile range. 
 
 
Supplemental Table VIII. Variability of limits of autoregulation within and across 
patients. 

  Lower limit of 
autoregulation 

Upper limit of 
autoregulation 

Across patients Mean, mmHg 84.1 104.7 
 Standard deviation, mmHg 12.1 11.5 
 Coefficient of variation  0.149 0.11 
 Maximum, mmHg 118.1 144.6 
 Minimum, mmHg 61.1 79.5 
 Range, mmHg 57.0 65.0 

Within patients Mean, mmHg 84.1 104.7 
 Standard deviation, mmHg 8.4 9.1 
 Coefficient of variation  0.10 0.087 
 Maximum, mmHg 108.2 131.0 
 Minimum, mmHg 60.3 80.5 
 Range, mmHg 48.0 50.5 

 
Supplemental Table VIII. Variability of limits of autoregulation within and across patients. 
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Thrombectomie:	cibles	de	pression	artérielle	

• Cible	de	pression	artérielle	avant	recanalisation
• ANTICIPER	ET	ÉVITER	HYPOTENSION
• PA	systolique	>	140	mmHg
• ÉVITER	POUSSÉE	HYPERTENSIVE
• PA	systolique	<	180	mmHg

• Post-thrombolyse	è TA	< 185/105	mmHg

• Cible	de	pression	artérielle	après	procédure
• TICI	2b/3	è PA	systolique	<	140-150	mmHg,	individualiser	thérapie?
• TICI	≤	2a	è PA	systolique	≤	180	mmHg,	individualiser	thérapie?	
• Durée?	1ers	24	hrs?

Considérer	cause	d’hypotension…
- Iatrogène	(anticiper	avec	vasopresseurs)
- Hypovolémie
- Dépression	myocardiaque
- Arythmie	
- Saignement	externe
- Saignement	rétropéritonéal
- Dissection	aortique
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Thrombectomie:	autres	considérations

• Maintient:	TIVA	vs	halogénés?

• Normoglycémie
• Éviter	hypoglycémie	(SNACC	<	2,8	mmol/L,	ASA/AHA	<	3,3	mmol/L)
• Éviter	hyperglycémie	(SNACC	3,9-7,8	mmol/L,	ASA/AHA	7,8-10	mmol/L)

• Normothermie
• Effets	de	l’hypothermie?	
• Éviter	hyperthermie	(SNACC	35-37oC,	ASA/AHA	<	38oC)

• Administration	préalable	de	rTPA?	

• Communication
• Changement	brusque	des	signes	vitaux
• Qualité	de	reperméabilisation
• Antagonisme	d’héparine	IV	PRN
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Autres	implications	pour	l’anesthésiologiste	

• Angioedème post-rTPA
• FR:	IECA
• Sécurisation	des	voies	respiratoires	(A/W	difficile)	et	risque	de	
saignement
• IET	pas	toujours	nécessaire	si	limité	à	langue	antérieure,	lèvres
• Haut	risque:	œdème	palais,	larynx,	progression	rapide	(<	30	minutes)	
• FOB	éviter	voie	nasotrachéale	(risque	épistaxis)	
• Cricothyroïdotomie rarement	nécessaire	et	problématique	(risque	

hémorragique)	
• Traitements	spécifiques	

• HIP	massive	post-rTPA
• Antagonisme	du	rTPA

• Cryoprécipités – 10	unités,	répéter	si	fibrinogène	<	1,5	g/L
• Antifibrinolytiques – acide	tranexamique 10-15	mg/kg	(1g	IV	en	10	minutes)	
• Plaquettes	(?)

• Anticiper	HTIC	

Cesser	rTPA,	cesser	IECA
Methylprednisolone 125	mg	IV	
Diphendydramine 50	mg	IV	
Ranitidine 50	mg	IV	ou	famotidine 20	mg	IV	
Épinephrine 0,5	mL nébul PRN
Épinephrine 0,3	mg	SC	(attention	poussée	HTA)
Icatibant 30	mg	SC	(inhibiteur	B2	(bradykinine))
Inhib C1-estérase	20	UI/kg	(angioedème hériditaire)	
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Craniectomie	décompressive	en	AVC

• « Malignant MCA	infarction »
• IDENTIFIER	PATIENTS	À	RISQUE	D’ŒDÈME	MALIN

• Infarctus	complet	du	territoire	de	l’ACM	à	48	hrs
• Diverses	définitions	dans	études…	

• NIHSS	sensible	mais	peu	spécifique
• Altération	d’état	de	conscience	=	signe	le	plus	
spécifique	(thalamus	et	tronc	cérébral)

• CT:	hypodensité	≤	6	hrs,	>	1/3	territoire ACM,	
déplacement ligne médiane

• Détérioration	habituellement	dans	les	72-96	hrs	
post-AVC	(ad	10	jours)
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http://cambridgecriticalcare.net/quant-mca-stroke-with-fpca/

« Malignant MCA	infarction »
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Craniectomie	décompressive	en	AVC	malin

• Enjeux	éthiques:	degré	d’handicap	acceptable	pour	le	patient
• Aucun	impact	sur	AVC	établi
• Diminution	de	mortalité
• Outcome probable	mRS 2-5

• 5	principales	RCT
• Decimal
• Hamlet
• Destiny
• Analyse	groupée
• Destiny II

Kurland	et	al.	Neurocrit Care	2015
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Analyse	Groupée
Vahedi et	al.	Lancet	Neurol 2007
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2% 
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19% 

31% 

2% 

4% 

5% 

22% 

71% 

CRANIECTOMIE

MÉDICAL

MRS	À	1	AN
2 3 4 5 6

Survie	 NNT	=	2
mRS	≤	4 NNT	=	2
mRS	≤	3 NNT	=	4	

Augmentation	de	23%	d’outcome favorable	(mRS	≤	3)	
au	dépend	d’une	augmentation	de	29%	de	handicap	
modérément	sévère	(mRS 4)…

Effet	de	craniectomie
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HAMLET
Hofmeijer et	al.	Lancet	Neurol 2009
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22% 

16% 
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19% 22% 

59% 

CRANIECTOMIE

MÉDICAL

MRS	À	1	AN
2 3 4 5 6

Randomisés	≤ 48hrs	post	AVC:	mRS	≤	4	=	52%	vs	22%†
Randomisés	>	48hrs	post	AVC:	aucun	effet	de	la	chirurgie

Délai	de	traitement
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DESTINY	vs	DESTINY-II:	impact	de	l’âge
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Craniectomie	décompressive	– recommandations	

Powers	et	al.	Stroke	2019

Powers et al  2019 Guidelines for Management of AIS  e387

4.  Because of a lack of evidence of efficacy and the potential to increase the risk 
of infectious complications, corticosteroids (in conventional or large doses) 
should not be administered for the treatment of brain swelling complicating 
ischemic stroke. III: Harm A

Recommendation wording modified 
from 2013 AIS Guidelines to match COR 
III stratifications. LOE unchanged. COR 
amended to conform with ACC/AHA 
2015 Recommendation Classification 
System.

5.1.3. Surgical Management-Supratentorial Infarction COR LOE New, Revised, or Unchanged

1.  Although the optimal trigger for decompressive craniectomy is unknown, it 
is reasonable to use a decrease in level of consciousness attributed to brain 
swelling as selection criteria.

IIa A
Recommendation, COR, and LOE 
unchanged from 2014 Brain Swelling.

2.  In patients ≤60 years of age who deteriorate neurologically within 48 hours 
from brain swelling associated with unilateral MCA infarctions despite 
medical therapy, decompressive craniectomy with dural expansion is 
reasonable.

IIa A

Recommendation revised from 2014 
Brain Swelling.

The pooled results of RCTs demonstrated significant reduction in mortality when decompressive craniectomy was 
performed within 48 hours of malignant MCA infarction in patients <60 years of age, with an absolute risk reduction in 
mortality of 50% (95% CI, 34–66) at 12 months.280 These findings were noted despite differences in the clinical trials 
in terms of inclusion and exclusion criteria, percent of MCA territory involved, and surgical timing.287,288 At 12 months, 
moderate disability (ability to walk) or better (mRS score 2 or 3) was achieved in 43% (22 of 51) of the total surgical 
group and 55% (22 of 40) of survivors compared with 21% (9 of 42; P=0.045) of the total nonsurgical group and 75% 
(9 of 12; P=0.318) of the nonsurgical survivors. At 12 months, independence (mRS score 2) was achieved in 14% (7 
of 51) of the total surgical group and 18% (7 of 40) of survivors compared with 2% (1 of 42) of the total nonsurgical 
group and 8% (1 of 12) of the nonsurgical survivors.280,287–290

See Tables LXIX and LXX in online Data 
Supplement 1.

3.  In patients >60 years of age who deteriorate neurologically within 48 hours 
from brain swelling associated with unilateral MCA infarctions despite 
medical therapy, decompressive craniectomy with dural expansion may be 
considered.

IIb B-R

Recommendation revised from 2014 
Brain Swelling

There is evidence that patients >60 years of age can have a reduction in mortality of ≈50% (76% in the nonsurgical 
group versus 42% in the surgical group in DESTINY [Decompressive Surgery for the Treatment of Malignant Infarction 
of the Middle Cerebral Artery] II) when decompressive craniectomy for malignant MCA infarction is performed within 
48 hours of stroke onset.287,288,291–295 However, functional outcomes in elderly patients seem to be worse than those in 
patients <60 years of age. At 12 months, moderate disability (able to walk; mRS score 3) was achieved in 6% (3 of 47) 
of the total surgical group and 11% (3 of 27) of survivors compared with 5% (3 of 22) of the total nonsurgical group 
and 20% (3 of 15) of the nonsurgical survivors. At 12 months, independence (mRS score ≤2) was not achieved by any 
survivors in either group.

See Tables LXIX and LXX in online Data 
Supplement 1.

5.1.4. Surgical Management-Cerebellar Infarction COR LOE New, Revised, or Unchanged

1.  Ventriculostomy is recommended in the treatment of obstructive 
hydrocephalus after cerebellar infarction. Concomitant or subsequent 
decompressive craniectomy may or may not be necessary on the basis of 
factors such as the size of the infarction, neurological condition, degree of 
brainstem compression, and effectiveness of medical management.

I C-LD

Recommendation revised from 2014 
Brain Swelling.

Ventriculostomy is a well-recognized effective treatment for the management of acute obstructive hydrocephalus and 
is often effective in isolation in relieving symptoms, even among patients with acute cerebellar infarction.289,296 Thus, in 
patients who develop symptoms of obstructive hydrocephalus from cerebellar infarction, emergency ventriculostomy is 
a reasonable first step in the surgical management paradigm. If cerebrospinal fluid diversion by ventriculostomy fails 
to improve neurological function, decompressive suboccipital craniectomy should be performed.289,296,297 Although a 
risk of upward herniation exists with ventriculostomy alone, it can be minimized with conservative cerebrospinal fluid 
drainage or subsequent decompression if the cerebellar infarction causes significant swelling and mass effect.289,296

See Table LXIX in online Data 
Supplement 1.

2.  Decompressive suboccipital craniectomy with dural expansion should 
be performed in patients with cerebellar infarction causing neurological 
deterioration from brainstem compression despite maximal medical therapy. 
When deemed safe and indicated, obstructive hydrocephalus should be 
treated concurrently with ventriculostomy.

I B-NR

Recommendation revised from 2014 
Brain Swelling.

The data support decompressive cerebellar craniectomy for the management of acute ischemic cerebellar stroke 
with mass effect.289,296,297 This surgery is indicated as a therapeutic intervention in cases of neurological deterioration 
caused by swelling as a result of cerebellar infarction that cannot be otherwise managed with medical therapy or 
ventriculostomy in the setting of obstructive hydrocephalus.289,296

See Table LXIX in online Data 
Supplement 1.

5.1.2. Medical Management (Continued) COR LOE New, Revised, or Unchanged

D
ow

nloaded from
 http://ahajournals.org by on February 25, 2020

Powers et al  2019 Guidelines for Management of AIS  e387

4.  Because of a lack of evidence of efficacy and the potential to increase the risk 
of infectious complications, corticosteroids (in conventional or large doses) 
should not be administered for the treatment of brain swelling complicating 
ischemic stroke. III: Harm A

Recommendation wording modified 
from 2013 AIS Guidelines to match COR 
III stratifications. LOE unchanged. COR 
amended to conform with ACC/AHA 
2015 Recommendation Classification 
System.

5.1.3. Surgical Management-Supratentorial Infarction COR LOE New, Revised, or Unchanged

1.  Although the optimal trigger for decompressive craniectomy is unknown, it 
is reasonable to use a decrease in level of consciousness attributed to brain 
swelling as selection criteria.

IIa A
Recommendation, COR, and LOE 
unchanged from 2014 Brain Swelling.

2.  In patients ≤60 years of age who deteriorate neurologically within 48 hours 
from brain swelling associated with unilateral MCA infarctions despite 
medical therapy, decompressive craniectomy with dural expansion is 
reasonable.

IIa A

Recommendation revised from 2014 
Brain Swelling.

The pooled results of RCTs demonstrated significant reduction in mortality when decompressive craniectomy was 
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There is evidence that patients >60 years of age can have a reduction in mortality of ≈50% (76% in the nonsurgical 
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to improve neurological function, decompressive suboccipital craniectomy should be performed.289,296,297 Although a 
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mortality of 50% (95% CI, 34–66) at 12 months.280 These findings were noted despite differences in the clinical trials 
in terms of inclusion and exclusion criteria, percent of MCA territory involved, and surgical timing.287,288 At 12 months, 
moderate disability (ability to walk) or better (mRS score 2 or 3) was achieved in 43% (22 of 51) of the total surgical 
group and 55% (22 of 40) of survivors compared with 21% (9 of 42; P=0.045) of the total nonsurgical group and 75% 
(9 of 12; P=0.318) of the nonsurgical survivors. At 12 months, independence (mRS score 2) was achieved in 14% (7 
of 51) of the total surgical group and 18% (7 of 40) of survivors compared with 2% (1 of 42) of the total nonsurgical 
group and 8% (1 of 12) of the nonsurgical survivors.280,287–290

See Tables LXIX and LXX in online Data 
Supplement 1.

3.  In patients >60 years of age who deteriorate neurologically within 48 hours 
from brain swelling associated with unilateral MCA infarctions despite 
medical therapy, decompressive craniectomy with dural expansion may be 
considered.

IIb B-R

Recommendation revised from 2014 
Brain Swelling

There is evidence that patients >60 years of age can have a reduction in mortality of ≈50% (76% in the nonsurgical 
group versus 42% in the surgical group in DESTINY [Decompressive Surgery for the Treatment of Malignant Infarction 
of the Middle Cerebral Artery] II) when decompressive craniectomy for malignant MCA infarction is performed within 
48 hours of stroke onset.287,288,291–295 However, functional outcomes in elderly patients seem to be worse than those in 
patients <60 years of age. At 12 months, moderate disability (able to walk; mRS score 3) was achieved in 6% (3 of 47) 
of the total surgical group and 11% (3 of 27) of survivors compared with 5% (3 of 22) of the total nonsurgical group 
and 20% (3 of 15) of the nonsurgical survivors. At 12 months, independence (mRS score ≤2) was not achieved by any 
survivors in either group.

See Tables LXIX and LXX in online Data 
Supplement 1.

5.1.4. Surgical Management-Cerebellar Infarction COR LOE New, Revised, or Unchanged

1.  Ventriculostomy is recommended in the treatment of obstructive 
hydrocephalus after cerebellar infarction. Concomitant or subsequent 
decompressive craniectomy may or may not be necessary on the basis of 
factors such as the size of the infarction, neurological condition, degree of 
brainstem compression, and effectiveness of medical management.

I C-LD

Recommendation revised from 2014 
Brain Swelling.

Ventriculostomy is a well-recognized effective treatment for the management of acute obstructive hydrocephalus and 
is often effective in isolation in relieving symptoms, even among patients with acute cerebellar infarction.289,296 Thus, in 
patients who develop symptoms of obstructive hydrocephalus from cerebellar infarction, emergency ventriculostomy is 
a reasonable first step in the surgical management paradigm. If cerebrospinal fluid diversion by ventriculostomy fails 
to improve neurological function, decompressive suboccipital craniectomy should be performed.289,296,297 Although a 
risk of upward herniation exists with ventriculostomy alone, it can be minimized with conservative cerebrospinal fluid 
drainage or subsequent decompression if the cerebellar infarction causes significant swelling and mass effect.289,296

See Table LXIX in online Data 
Supplement 1.

2.  Decompressive suboccipital craniectomy with dural expansion should 
be performed in patients with cerebellar infarction causing neurological 
deterioration from brainstem compression despite maximal medical therapy. 
When deemed safe and indicated, obstructive hydrocephalus should be 
treated concurrently with ventriculostomy.

I B-NR

Recommendation revised from 2014 
Brain Swelling.

The data support decompressive cerebellar craniectomy for the management of acute ischemic cerebellar stroke 
with mass effect.289,296,297 This surgery is indicated as a therapeutic intervention in cases of neurological deterioration 
caused by swelling as a result of cerebellar infarction that cannot be otherwise managed with medical therapy or 
ventriculostomy in the setting of obstructive hydrocephalus.289,296

See Table LXIX in online Data 
Supplement 1.

5.1.2. Medical Management (Continued) COR LOE New, Revised, or Unchanged
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Infarctus	cérébelleux	avec	œdème	

• Surveillance	clinique:	nerfs	crâniens,	état	d’éveil
• Compression	protubérance	è AEC,	ophthalmoplégie
• Compression	4e ventricule	è hydrocéphalie
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75%

1(mRS ≤	1)
(mRS >	2)

Jauss et	al.	J	Neurol 1999

Infarctus	cérébelleux	avec	œdème	

GASCIS
(J Neurol 1999)

Devis Observationnelle
(Allemagne	+	Autriche)

Patients 84
Médical	43%
DVE	17%

Craniectomie 40%

Inclusion 18-80	ans
Infarctus	cerebelleux ≤	5	jrs

Effet	masse

Exclusion AVC	basilaire
mRS	>	1

Délai	moyen 44	hrs

Âge	moyen	 59	ans



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Powers	et	al.	Stroke	2019

Recommandations

!
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Craniectomie	en	AVC:	considérations	pour	l’anesthésiste	

• Chirurgie	urgente
• Considérations	relatives	à	l’HTIC	
• Comorbidités	du	patient	(mécanisme	de	l’AVC?)
• Effet	résiduel	de	rTPA peu	probable	

• AVC	malin
• Hypertension	extrême	(>220/105)	augmente	risque	hémorragique	(IIb,	C)
• PAM	>	85,	PAsyst <	220	(strong recommendation,	low quality evidence)

• Hypotension	inhabituelle,	cause	secondaire	à	éliminer
• Pas	de	cible	spécifique	recommandée…
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(AVC	périopératoire)

• Incidence	d’AVC	postopératoire	(30	jrs	postop)
• CHX	non-cardiaque/carotide/vasc majeure/neuro	≈ 0,1-0,5%
• CHX	cardiaque ≈ 1-3%
• Patient	à haut	risque (sténose,	ATCD	AVC/ICT,	souffle)	≈ 3.5%
• AVC	“silencieux”	7%	(chx non-cardiaque)

• Associé à délirium postop,	déclin cognitif et	récidive ICT/AVC	à 1	an
• NeuroVISION Lancet	2019	(1116	patients,	IRM	≈	5	jrs postop)

• FR:	âge avancé,	IRC,	AVC/ICT,	infarctus récent

• Déficit	neurologique	focal	en	postopératoire	(SDR)	=	URGENT!
• Contre-indication	absolue	(relative?)	à	thrombolyse	IV… thrombectomie!?

• « Use	of	IV	alteplase in	carefully selected patients	presenting with AIS	who have	undergone a	major	
surgery in	the	preceding 14	d	may be considered,	but	the	potential increased risk of	surgical-site	
hemorrhage should be weighed against the	anticipated benefits of	reduced stroke	related
neurological deficits.	(Class	IIb;	LOE	C-LD) »	
(Powers et	al.	2018	Guidelines	for	Management	of	Acute	Ischemic Stroke.	Stroke	2018)

• AVC	intrahospitalier =	délai	plus	long…
• Votre	motivation	pourrait	avoir	un	impact	notable	sur	l’autonomie	du	patient

Recommendations
1. Discuss surgical timing with a neurologist and consider

delaying elective surgical cases in patients with recent
stroke until the etiology is investigated and the peak of
autoregulatory disturbances has passed (likely at one
month) (Opinion-based evidence, Category A). How-
ever, observational studies to date do not suggest a clear
relationship between timing of past stroke history and
incidence of postoperative stroke (Category B, Level 2).

Management of Anti-coagulants and Anti-
platelet Drugs

There are two common clinical scenarios in which
management of anticoagulants or antiplatelet drugs can be
linked to risk of perioperative stroke. The first is manage-
ment of anticoagulants for patients with atrial fibrillation, a
major risk factor for perioperative stroke, and the second is
the management of aspirin in patients with cardiovascular or
cerebrovascular disease (e.g., for primary or secondary
stroke prevention). The clinical dilemma relates to balancing
the risks of excessive perioperative bleeding and the risk of

rebound hypercoagulability in the setting of the pro-
thrombotic state induced by surgery; a summary of surgical
cases with various levels of expected blood loss can be found
in Table 3.27 There are few data to guide management of this
situation that pertain specifically to perioperative stroke. The
American College of Chest Physicians recommends that
heparin therapy be considered for postoperative atrial fi-
brillation in patients with a history of stroke or transient
ischemic attack28; an approach to the management of anti-
coagulation therapy can be found in Table 4.27,29,30

There are currently no studies of perioperative stroke
and antiplatelet drug therapy for noncardiac, noncarotid
surgery. Observational studies of cardiac surgery patients
taking aspirin within 5 days prior to surgery (vs. not) re-
vealed a protective effect of aspirin with respect to the
outcome of perioperative stroke.31,32 These studies are
limited by an observational design but are consistent with a
large randomized controlled trial finding a benefit to
postoperative aspirin in preventing stroke after coronary

TABLE 3. Possible Risk Classification for Bleeding According to
Surgery/Procedure Type

Bleeding Risk Category Type of Surgery/Procedure

High risk Intracranial or spine surgery
Major vascular surgery (aortic
aneurysm repair, aortofemoral
bypass)

Major urologic surgery (prostatectomy,
bladder tumor resection)

Major orthopedic surgery (hip
replacement)

Lung resection
Intestinal anastomosis surgery
Permanent pacemaker or internal
defibrillator placement

Selected procedures: colonic
polypectomy of large polyp,
endoscopic retrograde
cholangiopancreatography with
sphincterotomy, kidney biopsy

Moderate risk Other intra-abdominal surgery
Other intrathoracic surgery
Other orthopedic surgery
Other vascular surgery
Selected procedures: colonic
polypectomy, prostate biopsy,
cervical biopsy

Low risk Laparoscopic cholecystectomy
Laparoscopic inguinal hernia repair
Noncataract ophthalmologic
procedures

Coronary angiography
Gastroscopy or colonoscopy (with/
without biopsy)

Very low risk (anticoagulation
interruption not required)

Single tooth extraction
Skin biopsy or selected skin cancer
removal

Cataract removal

Note that risk in certain cases may also relate to the consequences of bleeding
(e.g., intracranial or spine procedure) rather than merely the volume of bleeding.
Table reproduced with permission from Darvish-Kazem and Douketis, Perioper-
ative management of patients having noncardiac surgery who are receiving anti-
coagulant or antiplatelet therapy: an evidence-based but practical approach. Semin
Thromb Hemost 2012;38:652-660.

TABLE 2. Independent Predictors of Perioperative Stroke
Identified in Large Epidemiologic Studies

Predictors
Odds
Ratio

Confidence
Intervals

Independent Predictors found in Bateman et al, 2009. Nationwide
Inpatient Sample; hip, colon and lung surgery

Renal disease 2.98 2.52 to 3.54
Atrial fibrillation 1.95 1.69 to 2.26
History of stroke 1.64 1.25 to 2.14
Valvular disease 1.54 1.25 to 1.90
Congestive heart failure 1.44 1.21 to 1.70
Age (per 10 years) 1.43 1.35 to 1.51
Diabetes mellitus 1.18 1.01 to 1.39
Female (vs. Male) 1.21 1.07 to 1.36
Independent predictors found in Mashour et al, 2011. American College of
Surgeons- National Surgical Quality Improvement Program; broad
population of noncardiac, nonvascular, nonneurologic surgery

Age Z62 years 3.9 3.0 to 5.0
Myocardial infarction within 6 months 3.8 2.4 to 6.0
Acute renal failure 3.6 2.3 to 5.8
History of stroke 2.9 2.3 to 3.8
Pre-existing dialysis 2.3 1.6 to 3.4
Hypertension requiring medication 2.0 1.6 to 2.6
History of transient ischemic attack 1.9 1.3 to 2.6
Chronic obstructive pulmonary disease 1.8 1.4 to 2.4
Current smoker 1.5 1.1 to 1.9
Body mass index 35-40 kg/m2 (protective) 0.6 0.4 to 0.9
Independent predictors found in Sharifpour, Moore et al, 2013. American
College of Surgeons- National Surgical Quality Improvement Program;
noncarotid vascular surgery

Acute renal failure 2.03 1.39 to 2.97
History of stroke, transient ischemic attack, or
hemiplegia

1.72 1.29 to 2.30

Female (vs. Male) 1.47 1.12 to 1.93
History of cardiac disease (myocardial
infarction, congestive heart failure, angina,
prior cardiac intervention)

1.42 1.07 to 1.87

Age (each additional year of life) 1.02 1.01 to 1.04

Note that certain variables relevant to stroke, such as atrial fibrillation and
valvular disease, are not collected in the National Surgical Quality Improvement
Program database.
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Abstract:

This document is supported by the American Society of Anes-
thesiologists.**

Perioperative stroke can be a catastrophic outcome for
surgical patients and is associated with increased morbidity and
mortality. This consensus statement from the Society for Neu-
roscience in Anesthesiology and Critical Care provides evidence-
based recommendations and opinions regarding the pre-
operative, intraoperative, and postoperative care of patients at
high risk for the complication.

Key Words: stroke, ischemic stroke, perioperative stroke, cere-
brovascular, cerebrovascular accident, noncardiac surgery,
neurologic complication

(J Neurosurg Anesthesiol 2014;26:273–285)

S troke can be a catastrophic outcome for patients un-
dergoing noncardiac, nonneurologic surgery and is

associated with an adjusted 8-fold increase in mortality.1

Unlike stroke in the community setting, the mechanistic
cascade leading to perioperative stroke has a discrete and

highly-predictable origin: surgical intervention. Given the
fact that surgery and anesthesia are associated with an
increased risk of stroke compared to nonsurgical con-
trols,2 establishing perioperative recommendations to
minimize risk could be impactful. Stroke after non-
cardiac, nonneurologic surgery is relatively understudied
and there is a need for clarifying the clinical management
of surgical patients at high risk for the complication.

METHODOLOGY

Definition of Perioperative Stroke
Sacco et al have developed a consensus statement

regarding the broad definition of stroke.3 However, for
the purposes of this consensus statement, “perioperative
stroke” is defined as a brain infarction of ischemic or
hemorrhagic etiology that occurs during surgery or within
30 days after surgery. We recommend that such a
standardized definition be adopted for future reports. It is
important to note that this clinical situation is distinct
from that of a patient presenting for acute therapy after a
stroke has occurred in a nonoperative setting. Peri-
procedural care of patients presenting for endovascular
interventions to treat stroke is described elsewhere.4

Purpose of the Consensus Statement
The purpose of this consensus statement is to pro-

vide evidence-based recommendations regarding (1) pre-
operative identification of patients at high risk of stroke
during or after noncardiac, noncarotid, nonneurologic
surgery, (2) preoperative considerations to mitigate risk,
(3) intraoperative management to mitigate risk, and (4)
appropriate steps for clinical care if stroke is identified in
the postoperative period.

Focus
Patients undergoing carotid endarterectomy and a

variety of cardiac surgeries are known to be at high risk for
perioperative stroke, with fairly clear etiologies (e.g., em-
bolic event).5 As such, there has been considerable attention
to the prevention of stroke in these populations. The focus
of the current consensus statement is the prevention and
management of ischemic stroke in adult patients under-
going noncardiac, noncarotid, and nonneurologic surgery.
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Endartériectomie	carotidienne	
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Endartériectomie	carotidienne:	indications

• Sténose	carotidienne:	3	options	(CEA/CAS/Tx médical)

• Recommandations	AHA/ASA
• Sténose	symptomatique	70-99%,	risque	périopératoire < 6%	(I,	A)
• Sténose	asymptomatique	70-99%,	risque	périopératoire <	3%	(IIa,	A)
• Fenêtre	idéale	entre	3-14	jours	post-événement	(risque	augmenté	dans	1ers 48hrs)
• Patient	âgé	>	70	ans

• Endoprothèse carotidienne	(CAS)	
• Lésion	inaccessible	par	voie	chirurgicale,	sténose	récidivant	(s/p	CEA)
• Anatomie	complexe	(sténose	radique ,	dissection	cervicale,	trachéo)	
• Occlusion	controlatérale	
• Comorbidités	cardiopulmonaires	prohibitives	

NASCET	NEJM	1991
ECST	Lancet	1991

Meschia et	al.	Stroke	2014	(asx)
Kernan et	al.	Stroke	2014	(sx)
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Endartériectomie	carotidienne:	indications
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• Modélisation	de	risque	d’AVC	ipsilatéral	à	5	ans	si	traitement	médical
• 5	caractéristiques	cliniques	considérés

Rothwell et	al.	Lancet	2005
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CEA:	évaluation	préopératoire

• Risque	d’AVC	périopératoire
• Sténose	sévère	
• Symptômes	neuro	instables	(ICT	↑)
• Mauvaise	collatéralisation
• Ulcération,	thrombus	a/n	CI

• Comorbidités…
• HTA
• Maladie	coronarienne
• Diabète
• MPOC,	tabagisme
• MVAS

• Antiplaquettaire(s)	poursuivi(s)	en	périop
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death without intervention is higher than the risk associated 
with the procedure. Hence, appropriate selection and optimi-
zation of candidates for these procedures represent important 
opportunities to mitigate perioperative risk.

Patient Selection
Overwhelming evidence supports the efficacy of CEA com-
bined with best medical therapy for the prevention of stroke 
among appropriately selected patients. Three large multi-
center randomized trials conducted in North America2,33 and 
Europe3 over two decades ago validated the role of CEA in the 
treatment of patients with symptomatic high-grade carotid 
disease. Current American Heart Association (AHA) guide-
lines recommend CEA in symptomatic patients with carotid 
stenosis of 50% to 99% if the risk of perioperative stroke or 
death is less than 6%.6,7 Pooled data from the major CEA trials 
involving symptomatic patients with stenosis greater than 50% 
support these recommendations and show that the number of 
patients needed to treat (NNT) to prevent one stroke over a 
2-year period is nine for men and 36 for women.34 Benefit is 
also greater in older rather than younger patients, particularly 
those older than 75 years, with an NNT value of 5.

For asymptomatic patients the data are less robust. The risk 
of stroke is lower in asymptomatic patients than in patients 
with symptomatic disease and, as a consequence, the benefit 
of surgical intervention is realized only if the procedure can be 
performed with a lower 30-day risk of stroke and death. AHA 
guidelines5,35 recommend CEA for asymptomatic patients 
with carotid stenosis of 60% to 99% if the perioperative risk of 
stroke or death is less than 3%.

It is noteworthy in relation to perioperative risk that 
many studies that support the preceeding recommendations 
included exclusion criteria that eliminated patients with 
 significant comorbid conditions and many also required 
that participating surgeons performed a suitable volume of 
 procedures. Consequently, current recommendations for CEA 
are also influenced by clinical factors that may modify the 

risk and the potential for benefit (stroke prevention), such as 
life expectancy, age, gender, the presence of coexisting medi-
cal conditions, and the outcome performance of the surgeon 
and surgical team who perform the procedure.36–38 It has been 
noted that published outcomes following CEA as well as CAS 
procedures, particularly the 30-day incidence of stroke, have 
been progressively improving over the past two decades,5,7 an 
observation that has been attributed to recognition of the im-
portant impact of surgical training and case volume on out-
come as well as to the evolution of medical therapy including 
better management of comorbid conditions such as hyperten-
sion, dyslipidemia and diabetes.

The Role for Carotid Angioplasty  
and Stenting
Over the past three decades there has been an exponential 
increase in interest in and use of endovascular approaches 
for the treatment of carotid artery stenosis. This increase has 
paralleled the growth in the use of these techniques in other 
vascular specialties, especially in the coronary and periph-
eral vascular beds. Further impetus has come from advances 
in catheter, balloon, stent, and endovascular emboli trapping 
device development and has been encouraged by recognition 
of the many potential advantages of endovascular approaches, 
particularly in high-risk patients (Table 16.2). The benefits of 
an endovascular approach include: it is “minimally invasive”; 
it avoids surgical wounds and their complications; and endo-
vascular procedures can generally be accomplished with local 
anesthesia and sedation.

The technique employs standard endovascular approaches 
from a transfemoral arterial approach. Patients are routinely 
pre-medicated with ASA 325 mg and clopidogrel 75 mg 
3–5 days prior to the procedure. A diagnostic catheter is ad-
vanced under fluoroscopic guidance and the vascular anatomy 
of the aorta, neck, and head are imaged. Once the vessel to 
be treated is fully defined, an 8.0 F guiding catheter or 6.0 F 
long sheath is placed from the femoral artery and proximal 
to the lesion in the mid-low cervical common carotid artery. 
After systemic heparinization is given (70–100 units/kg) and 
an activated clotting time (ACT) is confirmed to be increased 
by two times the baseline, a fine (e.g., 0.014") steerable guide 
wire, in combination with a distal filter protection device, is 
advanced across the stenosis and deployed 2–4 cm distal to the 
lesion to be treated. The distal filter devices are expandable 
umbrella-like devices that are deployed distal to the stenosis 

Proportion of Patients (%)

 NASCETa GALAb

Medical Condition (n = 2256) (n = 3526)

Angina 24  

Previous myocardial infarction 20  

Coronary artery disease  36

Hypertension 60 77

Peripheral vascular disease 14 25

Smoker (current or previous) 77 80

Diabetes mellitus 19 25

Table 16.1  Comparative Medical Characteristics of 
Patients Eligible for Inclusion in NASCET 
(1991) and the GALA (2008) Trial

NASCET, North American Symptomatic Carotid Endarterectomy 
Trial;GALA, General Anaesthesia versus Local Anaesthesia for Carotid 
Surgery

(a. Adapted from North American Symptomatic Carotid 
Endarterectomy Trial Steering Committee. Methods, patient 
characteristics, and progress. Stroke 1991;22:711–720; b. Adapted 
from GALA Collaborative Group. General anaesthesia versus local 
anaesthesia for carotid surgery (GALA): a multicentre, randomised 
controlled trial. Lancet 2008;372:2132–42.)

Previous carotid endarterectomy

Contralateral carotid artery occlusion

Previous radical neck dissection or radiation therapy to neck region

Target lesion above C2 (level of jaw) or low cervical carotid lesions

Carotid dissection

Tandem lesions with ≥70% stenosis, intracranial stenosis,  
or occlusion

Significant cardiorespiratory comorbidity

Requires concurrent major cardiac or aortic surgery

Inability to extend neck

Contralateral laryngeal nerve palsy

At risk for wound infection (e.g., immunosuppressed, tracheostomy)

Table 16.2  Potential Indications for Carotid 
Angioplasty-Stent
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CEA:	évaluation	préopératoire

• Risque	périopératoire augmenté	
• Maladie	cardiaque	significative	(MCAS,	insuffisance	cardiaque,	FA)
• Sténose	carotidienne	controlatérale	significative
• AVC/ICT	récent
• HTA	mal	contrôlée	
• Diabète	mal	contrôlé

• Peu	de	temps	pour	optimisation…
• CEA	<	14	jours:	 NNT	=	5
• CEA	>	12	semaines: NNT	=	125	
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CEA:	étapes	significatives	à	anticiper

• Dissection	cervicale
• Bradycardie,	hypotension	ou	hypertension	(manipulation	sinus	carotidien)	

• Glycopyrrolate,	atropine
• Infiltration	locale	sinus	(traitement	bradycardie/hypertension,	risque	hypotension)	

• Hypertension	=	douleur	ou	réponse	à	ischémie	cérébrale
• Rétraction	=	risque	lésion	nerveuse

• Héparinisation	
• Clampage	carotidien (CI	distale,	commune,	CE	distale)
• Artériotomie	(conventionnelle,	éversion,	patch),	refermeture
• Déclampage (externe,	commune,	interne)
• Hémostase,	+/- antagonisme	héparinisation,	fermeture	
• Émergence	douce

vasculaire.com
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Clampage	carotidien	

• Impact	direct	sur	perfusion	cérébrale
• DSC	80%	par	carotides,	20%	par	vertébrobasilaire

• Tolérance	au	clampage
• Collatéralisation controlatérale	
• Pression	artérielle	et	débit	cardiaque
• Métabolisme	cérébral	
• Durée	de	clampage	carotidien
• (Protection	cérébrale)

• 3	options:	PPC,	PaCO2,	shunt
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Clampage	carotidien:	PPC		

• Altération	de	l’autorégulation	durant	clampage
• Augmentation	hémodynamique	

• Effets	théorique
• Aucun	effet	sur	DSC	a/n	parenchyme	sain	(autorégulation)	
• Augmentation	DSC	a/n	zones	hypoperfusées (absence	d’autorégulation)

• Effets	cliniques	observés	
• Renversement	de	signes	ischémiques	à	l’EEG	
• Renversement	de	déficit	focal	chez	patient	éveillé	(ALR)	

• En	pratique
• Maintenir	PAM	« normale »	préopératoire	avant	le	clampage
• Majorer	PAM	de	20-30%	durant	clampage	
• Mauvaises	collatéralisation répondent	peu	à	thérapie	hypertensive
• Traitement	empirique	vs	guidé	par	neuromonitoring

• Risques:	hyperperfusion cérébrale	(œdème,	hémorragie),	ischémie	myocardique
• HTA	spontanée	=	suggestive	d’hypoperfusion?
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Clampage	carotidien:	PaCO2

• Impact	incertain	de	PaCO2
• Hypocapnie	è vasoconstriction	parenchyme	ayant	réactivité	CO2	préservée	
è redistribution	préférentielle	du	DSC	vers	zone	ischémiques	(« Robin	Hood
effect »)
• Risque	de	diminution	DSC	global	(+	clampage)		=	exacerbation	de	l’ischémie?	

• Hypercapnie	è augmentation	DSC	global… effet	sur	DSC	régional?	
• Meilleure	perfusion	des	zones	ischémiques?
• Phénomène	de	vol	DSC	(VD	déjà	maximale	a/n	zones	ischémiques,	VD	induite	a/n	
parenchyme	sain)

• Impact	d’agents	ayant	effet	VD	cérébral	direct	(halogénés	- sévoflurane)
• Comorbidités	(diabète)	affectant	réponse	vasomotrice	CO2

• Morale	de	l’histoire:	effet	imprédictible,	viser	normocapnie!
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Clampage	carotidien:	shunt

• Stratégie	de	shunt
• Systématique	vs	sélectif	vs	jamais

• Chirurgiens	qui	shunt	systématiquement	=	moins	de	complications	
lorsque	nécessaire	(sténose	controlatérale)

• Risque	d’hypoperfusion	si	malposition,	occlusion	(thrombose,	
kink)		
• Risques	de	dérivation	=	embolisation	(athérome,	air),	dissection	
carotidienne)

• AVC	intraopératoire =	embolique	>>>>>	hypoperfusion

vasculaire.com
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Neuromonitoring intraopératoire

• Objectif
• Identifier	ischémie	critique
• Instaurer	thérapie	correctrice	ou	neuroprotectrice
• (Identifier	charge	embolique	(DTC))
• (Identifier	hyperperfusion cérébrale	(DTC,	NIRS))

• Options:
• Chirurgie éveillé (ALR)	=	référence
• Stump	pressure	30-60	mmHg
• Doppler	transcrânien
• SvjO2
• Oxymetrie cérébrale
• EEG	
• SSEP
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Neuromonitoring intraopératoire
• Absence	d’impact	sur	évolution	neurologique	clairement	démontré
• Sensibilité	et	spécificité	du	moniteur	(selon	seuil	choisi)?	
• Délai	pour	identifier	ischémie?
• Impact	favorable	ou	délétère	du	traitement?	
• Mécanisme	de	détérioration	(embolie	vs	hypoperfusion?)
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of safety may be achieved by administering anesthetic drugs 
that protect the brain from ischemic injury. Although some 
anesthesiologists prefer to administer additional intravenous 
anesthetic drugs, or to increase the depth of anesthesia, be-
fore carotid cross-clamping on the basis of the assumption 
that some degree of protection may be realized,139,140 there is 
no current evidence to suggest that this practice influences 
outcome in the context of CEA. A recent survey of anesthetic 
practices in the United States101 suggests that the most com-
mon anesthesia strategies used to protect the brain at the time 
of cross-clamping were increasing blood pressure (60.9% of 
respondents), administering 100% oxygen (34%) and no neu-
roprotection (32.6%). Among those who administered addi-
tional anesthetic drugs prior to cross-clamping, propofol was 
the most common choice (9.6%).

Neurologic Monitoring
A reliable means of monitoring the patient’s intraoperative 
neurologic status has long been considered to be a key facet of 
intraoperative care during CEA to enable the identification of 
intraoperative embolic complications and, more importantly, 
to evaluate neurologic tolerance to carotid cross-clamping. 
Neurologic monitoring during CEA is based on the following 
premises: (1) the monitor is able to accurately identify patients 
at risk for development of intraoperative cerebral ischemia 
and (2) with identification, interventions can be instituted 
(e.g., placement of an internal shunt, increase CPP to prevent 
irreversible neuronal injury or administer a neuroprotective 
substance and thereby improve outcome). Despite intense in-
terest, both premises remain controversial.141–143

There seems little doubt that an awake, cooperative patient 
provides a highly sensitive and specific means of monitoring 
intraoperative neurologic status. Many surgeons who prefer 
to perform CEA with local anesthesia cite the ability to vali-
date management decisions at the time of cross-clamping on 
the basis of the patient’s objective neurologic response as a 
key advantage associated with the technique. In contrast, the 
broad popularity of general anesthesia for CEA has generated 
enthusiasm for evaluating other monitoring techniques that 

can identify patients at risk of neurologic injury during gen-
eral anesthesia. Many primary studies over the decades have 
evaluated the accuracy of various neurological monitors and 
combinations of techniques for identifying conditions that 
will lead to cerebral injury. Such studies frequently rely on dif-
ferent cut-off values to predict postoperative neurological out-
come or compare results to awake neurological testing during 
carotid cross-clamping. As a result, the reported diagnostic 
accuracies are very heterogeneous. A recent meta-analysis 
reviewed studies comparing the diagnostic accuracy of indi-
vidual neurological monitoring techniques versus awake test-
ing during carotid cross-clamping (Table  16.8). The authors 
suggested that the combination of stump pressure combined 
with either TCD or EEG achieved the best post-test probabil-
ity of accurately predicting hemodynamic intolerance during 
carotid cross-clamping.144Traditionally, the EEG has been the 
most extensively used monitor of neurologic function during 
CEA,145,146 although recent evidence, based on a survey of US 
anesthesiologists suggests that, in the United States at least, 
EEG is now second in popularity (23.7% of respondents) after 
cerebral oximetry. Extensive evidence generated over several 
decades of clinical use during CEA supports a strong correla-
tion between EEG changes and critical alterations in CBF.147–149 
The EEG is sensitive to adverse hemodynamic and embolic 
complications associated with CEA, and most patients who 
experience an adverse neurologic event will be identified (low 
false-negative rate).150,151 However, the few prospective studies 
available in which intervention was not initiated in response 
to EEG changes152,153 suggest that many patients experience 
intraoperative EEG changes that do not correlate with neuro-
logic outcome, which is the clinically relevant endpoint (high 
false-positive rate). Nevertheless, EEG remains a popular 
technique for monitoring neurologic function during CEA, 
but its routine use requires expertise for technical support and 
 real-time interpretation.

TCD is a well-established technology for assessing intra-
operative cerebral blood flow in large intracranial vessels (see 
Chapter  7). During CEA, changes in velocity are generally 
considered to reflect similar changes in blood flow, provided 
that the arterial PaCO2 remains constant.154,155 The unique 

Monitor No of studies

Sensitivity 
(95% CI; 
heterogeneity)

Specificity 
(95% CI; 
heterogeneity) AUC (SE;Q)

DOR (95% CI; 
heterogeneity) Cut-off values

TCD  8 0.88 (0.79–0.94; 
30%)

0.92 (0.9–0.94; 
80.4%)

0.945 (0.023; 
0.884)

73.9 (36.41–
149.85; 0%)

↓ 48–70%

EEG  5 0.7 (0.58–0.8; 
13.1%)

0.96 (0.94–0.97; 
85.8%)

0.864 (0.06; 
0.795)

65.27 (20.51–
207.71; 56.8%)

NA

NIRS  5 0.84 (0.7–0.93; 
63.7%)

0.89 (0.84–0.92; 
84%)

0.943 (0.075; 
0.881)

40.25 (6.46–
250.74; 69%)

↓ 15–20%

Stump pressure 15 0.76 (0.71–0.8; 
85.5%)

0.88 (0.87–0.9; 
89.5%)

0.935 (0.019; 
0.871)

37.14 (19.82–
69.57; 46%)

25–50 mmHg

Evoked potentials  3 0.85 (0.7–0.94; 
0%)

0.84 (0.77–0.9; 
93.3%)

0.907 (0.036; 
0.839)

35.14 (4.52–
273.1; 69.3%)

↓0–50% of 
amplitude of 
N20/P25

Jugular venous 
saturation

 2 0.82 (0.57–0.96; 
57.4%)

0.86 (0.71–0.91; 
0%)

NA 18.73 (4.63–
75.78; 0%)

≤ 55%

Table 16.8  Diagnostic Accuracy of Different Types of Intraoperative Neuromonitoring Techniques for Predicting 
Hemodynamic Intolerance During Carotid Cross-clamping Compared with Awake Testing

AUC, area under the curve; CI, confidence interval; EEG, electroencephalography; DOR, diagnostic odds ratio; TCD, transcranial Doppler; NA,  
not available due to insufficient number of studies; NIRS, near infared spectroscopy.

(Adapted from Guay J, Kopp S. Cerebral monitors versus regional anesthesia to detect cerebral ischemia in patients undergoing carotid 
endarterectomy: a meta-analysis. Can J Anaesth. 2013;60(3):266–279 (with permission).)
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of life-threatening complications
due to the increased ICP, especially
during delivery, and also to allow
time for further fetal maturation.
Management of general anesthesia for
these patients requires a complete
understanding of the pregnancy
physiology and careful attention to
control the maternal ICP and hemo-
dynamics. Any change in maternal
physiology that compromises the
“uteroplacental” perfusion such as
maternal hypotension, hyperventila-
tion, uterine artery constriction, acid
base changes puts the fetus in jeop-
ardy.1 Major increases in ICP has the
potential to compromise the fetus
with maternal bradycardia and hy-
pertension. Fluctuations in blood
pressure must be controlled as hy-
pertension increases ICP and hypo-
tension decreases the cerebral and
uterine perfusion pressure.2 Modest
hyperventilation with a PaCO2 of 25
to 30mm Hg should be achieved as
severe hyperventilation can be detri-
mental by decreasing the maternal
cardiac output and the hypocarbia

may impair the fetal oxygen delivery
by shifting the oxygen-hemoglobin
dissociation curve to left.3 As usual,
“aorto-caval” compression is avoided
by left uterine displacement. Isotonic
fluid administration is to be carefully
monitored and other measures to
reduce the ICP such as head up po-
sition during the procedure should be
considered.

In conclusion, a “ventriculo-
pleural” shunt may be an option for
the pregnant patient in the last tri-
mester when either “ventriculo-atrial”
or “ventriculo-peritoneal” shunts are
not a possible option. A dedicated
team with obstetrician, pediatrician,
thoracic surgeon, neurosurgeon, and
the neuroanesthesiologists should be
available to ensure the safety of both
the mother and the fetus.
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Cerebral Oximetry
During CEA: Is It an

Ideal Monitor?

To JNA Readers:
Carotid endarterectomy (CEA)

is associated with a 3.7% to 4% in-
cidence of perioperative stroke.1 This
incidence is increased further in
combined procedures of CEA and
coronary artery bypass grafting
(CABG).2 Cerebral oximetry (CO)
has been validated for monitoring the

FIGURE 1. Preoperative CT scan of the patient (A) showing normal brain parenchyma and immediate postoperative computed
tomography scan after extubation showing intracerebral hemorrhage in left temporoparietal region (B).
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CEA:	modalité	anesthésique

• Bénéfices	de	l’ALR
• Évaluation	directe	du	bien-être	cérébral!!!
• Permet	d’éviter	shunt	systématique	
• Moins	d’hypertension	postopératoire	(HPS)
• Moins	de	complications	cardiorespiratoires	
• Autorégulation	préservée
• Contrôle	de	douleur	postopératoire,	PONV	

• Bénéfices	de	l’AG
• Confort	du	patient
• Airway sécurisé	
• Gestion	de	complication	intraopératoire (AVC,	convulsions,	obstruction	VRS,	agitation)
• Champ	chirurgical	immobile	
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CEA:	AG	vs	ALR

• General	anesthesia vs	local	(regional)	anesthesia (GALA,	Lancet	2008)
• 3526	patients	(95	centres,	24	pays)	– recrutement	1999-2007	
• Sténose	carotidienne	symptomatique	ou	asymptomatique	
• Expérience	chirurgicale	≥	15	procédures/an	sous	AG	ou	ALR
• Point	d’évaluation	primaire	=	AVC,	IM,	mortalité	à	30	jours

• Étude	terminée	précocement	(5000	patients	prévus)

• 2	groupes	comparables
• Comorbidités,	latéralité,	sévérité	(81%),	asymptomatique	(38-39%),	antiPLT
• Durée	de	chirurgie	comparable	(93	minutes)
• Délai	entre	dernier	événement	neurologique	et	chx comparable	(70	jours)
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CEA:	AG	vs	ALR

• AVC,	IM,	mortalité	idem

• Plus	de	shunt	si	AG	(43	vs	14%)
• Conversion	ALR	è AG	1,4%	
• Complication	ALR	4,4%

• Annulation	de	cas!
• Manipulation	PA

• Augmentation	PA:	AG	>		ALR
• Réduction	PA:	ALR	>	AG

• ALR	moins	couteux
• ALR	meilleure	performance	
cognitive	postop immédiat
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S Despite the relative merits of the two techniques and en-
thusiastic advocates for each, there is little evidence, from the 
results of the large randomized trials, to suggest that outcome 
following CEA is substantially affected by the choice of re-
gional versus general anesthesia. Subgroup analysis of patients 
enrolled in the NASCET98 and the ECST99 revealed no differ-
ence in outcome associated with the use of local or regional 
anesthesia, although the number of patients who underwent 
CEA under regional block was small in both studies (7% and 
3.4%, respectively).

The largest prospective trial evaluating the relative benefits 
of regional anesthesia compared to general anesthesia was the 
General Anesthesia versus Local Anesthesia for carotid sur-
gery (GALA) trial published in 2008.32 This study included 
3526 patients recruited by 95 centers across 24 countries and 
reported no difference in outcome for the composite primary 
events (stroke, myocardial infarction and death within 30 days 
of the procedure) with an incidence of 4.8% and 4.5% respec-
tively for the general anesthetic group versus the local anes-
thetic group (Table  16.7). Similarly, there was no difference 
in outcome for ipsilateral stroke, MI or death independently 
between the groups who had CEA performed under general 
anesthesia or local anesthesia. Ninety-three percent of the pa-
tients in the local anesthesia group received a cervical plexus 
block with or without supplemental local anesthetic infiltration 
by the anesthesiologist or surgeon. Secondary outcome evalu-
ation suggested that performing CEA under local anesthesia 
was less expensive and was associated with better neurocogni-
tive performance in the early postoperative period among pa-
tients who underwent CEA under local anesthesia compared to 
general anesthesia. A trend favoring local anesthesia was also 
noted in the subgroup of patients with contralateral carotid 
occlusion reflected in a lower incidence of neurologic events; 
however, the analysis failed to achieve statistical significance. 
The report concludes that there is no difference in primary out-
comes for stroke, myocardial infarction or death, for CEA per-
formed under general anesthesia or local anesthesia and that 
the decision regarding the most appropriate anesthetic choice 

should be made by the anesthesiologist and surgeon, in consul-
tation with the patient, on an individual basis.32

Similar results were reported by a recent Cochrane system-
atic review update that compared outcome for CEA performed 
under general or local anesthesia.102 The review pooled data 
from 14 randomized studies with 4596 patients and reported 
no difference in outcome for stroke or stroke and death at 
30 days following surgery. Many of the studies were noted to be 
small and the GALA study contributed a substantial portion of 
the patients included in the data pool (3526 of 4596 patients).

Given these results, it seems appropriate to conclude that 
outcome following CEA is likely more dependent on patient se-
lection, preoperative optimization of comorbid conditions, and 
an experienced and committed surgical team than on the choice 
of anesthetic technique. Supporting this premise, Calligaro and 
colleagues103 described their experience converting from gen-
eral to regional anesthesia for CEA. Reporting on the results of 
401 carotid endarterectomies (216 general anesthesia, 185 cer-
vical plexus block) performed over a 6-year period in which a 
conversion from general to regional anesthesia was performed; 
these investigators reported a similar stroke mortality rate 
(<2%) with each technique. Interestingly, they also commented 
that a satisfactory surgical environment for performing CEA 
with regional anesthesia was intimately dependent on a com-
mitted group of anesthesiologists who provided a consistent 
and standardized approach to managing the patient.

Regional Anesthesia
Superficial cervical plexus block is the most common re-
gional anesthetic technique for CEA. The superficial cervi-
cal plexus block is performed by injection of local anesthetic 
 subcutaneously along the posterior border of the sternocleido-
mastoid muscle, where the cutaneous branches of the plexus 
fan out to innervate the skin of the lateral neck.

The deep cervical plexus block is a paravertebral block of 
the C2–C4 nerve roots that continues to be used by some an-
esthesiologists for CEA. The technique involves injecting local 
anesthetic at the vertebral foramina (transverse processes) of 
the C2, C3, and C4 vertebrae to block neck muscles, fascia, 
and the greater occipital nerve. A 2007 review of the published 
experience with deep and superficial cervical plexus blocks 
for CEA since 1974 reported that, although the absolute inci-
dence of block-related serious (life-threatening) complications 
is very low, essentially all serious complications were associ-
ated with the deep component of the block.104 In addition, 
conversion to general anesthesia as a consequence of inade-
quate block was five times more common when a deep cervi-
cal block technique was used. The investigators in this review 
suggest that the use of the superficial cervical block technique 
is safer and technically less challenging and should be the 
preferred regional anesthetic option for CEA, citing evidence 
from two randomized comparisons that the two techniques 
are equally effective.105,106 Similar findings were reported in a 
systematic review of complications associated with superficial 
versus deep cervical plexus blocks. The authors reviewed 69 
papers describing a total of 7558 deep blocks and 2533 super-
ficial blocks and report that deep cervical plexus blocks are 
associated with a higher incidence of serious complications 
and a higher incidence of conversion to general anesthesia.107

Some interest has been developing in relation to the use of 
ultrasound to guide placement of cervical plexus blocks.108,109 
Initial evidence would suggest that the technique does not 
contribute substantively to the safety or success rate for su-
perficial blocks compared to a landmark-based approach.110 

General 
Anesthesia Local Anesthesia

Outcome (n = 1752) (n = 1771)

All strokes 70 (4.0%) 66 (3.7%)

Ipsilateral stroke 54 (3.1%) 57 (3.2%)

Contralateral stroke 15 (0.9%)  7 (0.4%)

Myocardial 
infarction

 4 (0.2%)  9 (0.5%)

Death (any cause) 26 (1.5%) 19 (1.1%)

Stroke or death 81 (4.6%) 74 (4.2%)

Stroke, myocardial 
infarction or death

84 (4.8%) 80 (4.5%)

Table 16.7  GALA Triala Outcomes Following Carotid 
Endarterectomy Performed Under General or 
Local Anesthesia (30 Days Following Surgery)

Number of patients and proportion (%).
None of the outcome measures were statistically significant 

between treatment groups.
(Adapted from GALA Collaborative Group. General anaesthesia 

versus local anaesthesia for carotid surgery (GALA): a multicentre, 
randomised controlled trial. Lancet 2008; 372:2132–2142 (with 
permission).)

Downloaded for Antoine Halwagi (a.halwagi@gmail.com) at ClinicalKey Global Guest Users from ClinicalKey.com by Elsevier on January 05, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.
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CEA:	AG	vs	ALR

• Limite	des	données	existantes…
• Manque	de	puissance	de	GALA

• Calcul	de	puissance	prévoyait	réduction	d’événements	de	7,5	à	5%	(5000	patients)
• Incidence	d’événements	observés	4,5-4,8%
• Aurait	nécessité	25000	patients…

• Méthode	AG	et	ALR	non-standardisée
• Type	de	bloc	(plexus	cervical	profond)
• Solution	d’anesthésie	locale	utilisée?
• Sédation	et	anesthésie	générale	utilisée

• Patients	relativement	peu	malades..	(ASA	I-II	65%)	è impact	sur	patients	à	haut	risque?
• Exclus	de	randomisation	par	équipes	traitantes?

• Métaanalyse Cochrane	largement	influencé	par	poids	de	GALA
• (Registres	rétrospectifs:	réduction	du	risque	de	pneumonie	et	de	transfusions	avec	ALR)

• Choix	de	modalité	à	individualiser	selon	patient	et	équipe	
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CEA	– anesthésie	régionale

• Bloc	plexus	cervical	superficiel	
• Bloc	plexus	cervical	profond	=	plus	complications,	plus	
difficile,	plus	de	conversion	en	AG
• Sédation	procédurale	– dexmedetomidine?

nysora.com
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CEA	– anesthésie	générale

• Induction	
• Atténuation	réponse	hémodynamique	
• Éviter	hypotension
• Plégie/parésie	importante	è prudence	SCH

• Maintient	:	halogéné	vs	TIVA
• Choix	de	l’agent	et	dose	dépend	de	
neuromonitoring en	place	(SSEP?)
• VD	cérébrale	de	volatile	=	bénéfice?	
Saturation	cérébrale	post-clampage	idem	
(propofol vs	sevo)
• Absence	de	données	robustes	pour	guider	
choix	d’agent

In the present study, sevoflurane was administered at a
concentration < 1 MAC throughout the entire operation
time, and the mean sevoflurane concentration was 1.36
vol%. This result suggests that the effect of sevoflurane on
change in CBF may be reduced compared with the pre-in-
duction period. However, SrO2 was elevated compared
with the baseline, which was thought to be due to in-
creased oxygen supply and decreased cerebral oxygen
metabolic rate. The mean value of the relative change in
SrO2 and maximal decrease were significantly higher in
the sevoflurane group than the propofol group. This may
have been because the decrease in CBF by propofol is
more profound than that by sevoflurane, although the
decrease in CMRO2 was similar between the two agents.
Interestingly, the SrO2 change only occurred on the

contralateral but not the ipsilateral side, and there was

no significant difference on the ipsilateral side in the
peri-clamping period between the two groups. This was
associated with differences in drug responses between
ipsilateral and contralateral sides. Severe internal carotid
artery stenosis induces blood–brain barrier injury and
impairs the autoregulation to interrupt vasodilation or
vasoconstriction on the ipsilateral side. McCulloch et al.
reported stump pressure elevation of the clamped ipsi-
lateral carotid artery after switching anaesthetic agent
from sevoflurane to propofol in patients with CEA, and
they assumed that this was caused by the vasodilation
effect of sevoflurane and vasoconstriction effect of propofol
[29]. Simultaneously, the middle CBF rate was decreased
when anaesthetic agent was changed from sevoflurane to
propofol (ipsilateral side, 53 ± 22→ 43 ± 17 cm/s, n = 14;
contralateral side, 53 ± 19 cm/s→ 37 ± 7 cm/s, n = 7). In

Fig. 3 Changes from carotid artery clamping until the end of surgery. Changes in (a) regional cerebral oxygen saturation (SrO2), (b) mean arterial
pressure (MAP), (c) heart rate (HR), and (d) Bispectral index score (BIS) from cardioid artery clamping until the end of surgery. BL = baseline before
anesthesia induction; Pre-clamp = immediate before carotid artery clamping; Post-clamp =maximum decrease in SrO2 after artery clamping; Pre-
declamp = immediate before declamping the artery; post-declamp =maximum increase in SrO2 after artery clamping; Op end = operation end.
Groups: Sevoflurane = anesthesia with sevoflurane and remifentanil; Propofol = anesthesia with propofol and remifentanil. Data are expressed as
mean ± standard deviation. *P < 0.05 vs Baseline, ‡P < 0.05 vs Pre-clamp in each group. †P < 0.05 vs Sevoflurane group
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CEA	– postopératoire

• Émergence	(AG)
• Éviter	toux	et	efforts	/	Valsalva
• Anticiper	poussée	hypertensive	
• Évaluation	neurologique	précoce

• Surveillance	postopératoire
• Instabilité	hémodynamique	

• Hypotension	(10%)	– préservation	du	nerf	de	Hering (branche	IX)	
• Hypertension	(50%)	– mauvais	contrôle	préopératoire,	dysfonction	sinus	(AL	vs	chx)
• Autres	causes:	ischémie	myocardique,	hypoxémie,	hypercapnie,	complication	
neurovasculaire,	pneumothorax,	dysrythmie,	agitation,	douleur,	globe	vésical,	etc.

• Gestion	autres	comorbidités	
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Complications	postopératoires

• AVC	=	1,4%	(sténose	asx)	à	3,2%	(sténose	sx)
• AVC	précoce	(<	24	hrs postop):	thromboembolique	(65%),	ischémie	clampage	(13%),	HIP	(13%),	
non-reliée	(11%)	

• Neuromonitoring intraopératoire vise	un	anticiper/prévenir	AVC	chez	un	groupe	très	restreint	de	
patients

• Ischémie	myocardique
• Infarctus	0,6-2,3%	(GALA	0,2-0,5%)
• Réduction	de	l’incidence	attribuable	à	meilleure	prise	en	charge	périopératoire?
• Élévation	troponines	(MINS)	13%	

• Hyperperfusion cérébrale
• Incidence	1-5%,	HIP	0,5%	èmortalité	40-50%
• Augmentation	du	DSC	jusqu’à	200%	(pas	de	définition	standardisée),	reperfusion	en	absence	
d’autorégulation

• Risque	majoré	si	HTA	mal	contrôlée	préopératoire,	sténose	sévère	pauvrement	collatéralisée
• Céphalée	ipsilatérale (face,	œil),	convulsions,	déficit	neurologique	focal,	œdème	cérébral,	HIP
• Traitement	agressif	de	l’HTA	è labétalol,	clonidine plutôt	que	vasodilatateurs	cérébraux	(nitro)?
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Complications	postopératoires

• Hématome	cervical
• Jusqu’à	7%	(45%	significatifs	– reprise	ou	délai	de	congé)
• Raucité	de	voix,	œdème	cervical,	dyspnée,	dysphagie,	déviation	trachéale
• Airway difficile	à	anticiper!

• Traumatisme	nerveux	
• 5-12%,	NC	IX,	NC	X,	branches	NC	VII,	laryngé	récurrent	et	laryngé	supérieur	
• Raucité	de	voix,	dysphagie	ad	obstruction	VRS	
• Récupération	spontanée	92%	(4	mo)
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Future… transcarotid artery revascularization?
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AVC	préopératoire
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Évaluation	préopératoire

• Étiologie	de	l’ICT/AVC
• Échographie	cardiaque
• Carotides
• IRM/scan

• Risque	périopératoire augmenté
• RCRI
• Études	danoises	

• Modalité	anesthésique:	
• ALR:	réduction	du	risque	d’AVC	pour	arthroplastie	genou/hanche
• Éviter	hypocapnie,	anémie	(<	90	g/L?)	et	hypotension…indices, respectively. These risk indices include the most

validated clinical risk index (known as the Revised Cardiac
Risk Index [RCRI]),13 and 2 risk indices that were recently
developed using data from the National Surgical Quality
Improvement Program (NSQIP).15,19 Although some risk
factors (eg, severe aortic stenosis) have important perioperative
prognostic implications, a risk factor might not show up in a
risk index because few or no patients in the original study had
the relevant risk factor or it was not assessed.

The RCRI includes 6 factors, each worth 1 point (ie,
history of ischemic heart disease, cerebrovascular disease,
congestive heart failure, preoperative insulin use, preoperative
creatinine > 177 mmol/L, and high-risk surgery; Table 1).13

In a systematic review that included 792,740 patients from
24 studies, the RCRI showed moderate discrimination to
predict major perioperative cardiac complications.20

Table 2 and Supplemental Table S7 show the pooled risk
estimates of external validation studies of the RCRI that were
published in the past 15 years, systematically monitored
perioperative troponin measurements, and reported event
rates for the various RCRI scores. The results showed risk
estimates for myocardial infarction, cardiac arrest, or death of
3.9% (95% CI, 2.8%-5.4%) for an RCRI score of 0, 6.0%
(95% CI, 4.9%-7.4%) for an RCRI score of 1, 10.1% (95%
CI, 8.1%-12.6%) for an RCRI score of 2, and 15.0% (95%
CI, 11.1%-20.0%) for an RCRI score ! 3.21-25 These values
are higher than the risk estimates on the basis of the original
data that were used to derive the RCRI.13,26 The likely
explanation for these differences is that the original RCRI

study monitored creatine kinase muscle and brain isoenzyme
and excluded emergency surgery patients, whereas the external
validation studies monitored troponin measurements that are
much more sensitive than creatine kinase muscle and brain
isoenzyme, and some studies included emergency surgery
patients.

The NSQIP Myocardial Infarction and Cardiac Arrest
(MICA) risk index and the American College of Surgeons
(ACS) NSQIP risk index have both been developed using
large data sets.15,19 In these studies, these risk indices showed
superior discrimination compared with the RCRI; however, it
is highly probable that the NSQIP MICA and the ACS
NSQIP risk indices underestimated cardiac risk, because pa-
tients did not undergo systematic measurements of perioper-
ative troponin levels in these studies. Without cardiac
biomarker screening more than half of all perioperative
myocardial infarctions go undetected.27 This likely explains
the low number of perioperative myocardial infarctions in
these studies that developed the NSQIP MICA and the ACS
NSQIP risk indices.15,19 Moreover, the NSQIP MICA and
the ACS NSQIP risk indices have not undergone external
validation in a study that has systematically monitored
troponin measurements after noncardiac surgery. For these
reasons the panel favoured the RCRI for cardiac risk
prediction.

Self-reported functional capacity

Some groups have recommended assessing patients’ self-
reported functional capacity to determine their metabolic
equivalents (METs), to guide perioperative cardiac risk
assessment.28 There are, however, limited data to inform this
issue.

In 1999, Reilly et al. evaluated 600 consecutive patients
who underwent major noncardiac surgery and showed that
after adjustment for age, patient self-reported functional ca-
pacity (METs) did not predict perioperative cardiovascular
complications (adjusted odds ratio [aOR], 1.81; 95% CI,
0.94-3.46).29 Similarly, Wiklund et al. determined METs in
5939 patients who underwent noncardiac surgery and showed
after adjustment for age that patients’ METs were not inde-
pendently predictive of major perioperative cardiac compli-
cations.30 Moreover, the data raised concerns about observer
bias in the estimation of patients’ METs.

Because of the limitations of the evidence, the primary
panel unanimously decided not to make a recommendation
on how to use patient self-reported functional capacity to
estimate perioperative cardiac risk. A large prospective cohort
study (scheduled to report in 2017) that is evaluating the
prognostic capabilities of a physicians’ assessment of patients’
METs vs other measures (eg, cardiopulmonary testing) will

Table 1. Computation of Revised Cardiac Risk Index score

Variable Points

History of ischemic heart disease* 1
History of congestive heart failurey 1
History of cerebrovascular diseasez 1
Use of insulin therapy for diabetes 1
Preoperative serum creatinine > 177 mmol/L (> 2.0 mg/dL) 1
High-risk surgeryx 1

ECG, electrocardiogram.
*Defined as a history of myocardial infarction, positive exercise test,

current complaint of ischemic chest pain or nitrate use, or ECG with path-
ological Q waves; patients with previous coronary bypass surgery or angio-
plasty meet criteria if they have such findings after their procedure.

yDefined as a history of heart failure, pulmonary edema, or paroxysmal
nocturnal dyspnea; an S3 gallop or bilateral rales on physical examination; or a
chest radiograph showing pulmonary vascular resistance.

zDefined as a stroke or transient ischemic attack.
xDefined as intraperitoneal, intrathoracic, or suprainguinal vascular

surgery.

Table 2. Total RCRI score and corresponding risk of myocardial
infarction, cardiac arrest, or death at 30 days after noncardiac
surgery*

Total RCRI points Risk estimate, % 95% CI for the risk estimate

0 3.9 2.8%-5.4%
1 6.0 4.9%-7.4%
2 10.1 8.1%-12.6%
!3 15.0 11.1%-20.0%

CI, confidence interval; RCRI, Revised Cardiac Risk Index.
*On the basis of high-quality external validation studies.

RECOMMENDATION

6. When evaluating cardiac risk, we suggest clinicians use
the RCRI over the other available clinical risk predic-
tion scores (Conditional Recommendation; Low-
Quality Evidence).

Duceppe et al. 21
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Délai	en	AVC	et	chirurgie	

• SNACC:	délai	avant	chirurgie	élective	1-3	mois?
• Perturbation	autorégulation	et	réponse	vasomotrice	cérébrale	
• Persistance	entre	5	jours	et	3	mois	post	AVC
• Évaluer	risque/bénéfices	de	délai	vs	chirurgie	

• 2	études	récentes	!
• Registres	danois	2005-2011	è code	diagnostic	AVC	ischémique	<	5	ans	préop

• Chx reliées	à	AVC	exclues	(neuro,	cardiaque,	carotides,	arche	aortique,	gastrostomie,	trachéostomie)
• Chirurgie	non-cardiaque	élective	481183	chirurgies	dont	7137	chez	pt	AVC	(1,5%)
• Chirurgie	non-cardiovasculaire	urgente	143185	chirurgies	dont	7496	chez	pt	AVC	(5,4%)
• MACE	(IM,	AVC,	mortalité	cardiovasculaire)

Perioperative Care of Patients at High Risk for Stroke
during or after Non-Cardiac, Non-Neurologic Surgery:

Consensus Statement from the Society for Neuroscience
in Anesthesiology and Critical Care*

George A. Mashour, MD, PhD,* Laurel E. Moore, MD,* Abhijit V. Lele, MD,w
Steven A. Robicsek, MD, PhD,z and Adrian W. Gelb, MBChBy

Abstract:

This document is supported by the American Society of Anes-
thesiologists.**

Perioperative stroke can be a catastrophic outcome for
surgical patients and is associated with increased morbidity and
mortality. This consensus statement from the Society for Neu-
roscience in Anesthesiology and Critical Care provides evidence-
based recommendations and opinions regarding the pre-
operative, intraoperative, and postoperative care of patients at
high risk for the complication.

Key Words: stroke, ischemic stroke, perioperative stroke, cere-
brovascular, cerebrovascular accident, noncardiac surgery,
neurologic complication

(J Neurosurg Anesthesiol 2014;26:273–285)

S troke can be a catastrophic outcome for patients un-
dergoing noncardiac, nonneurologic surgery and is

associated with an adjusted 8-fold increase in mortality.1

Unlike stroke in the community setting, the mechanistic
cascade leading to perioperative stroke has a discrete and

highly-predictable origin: surgical intervention. Given the
fact that surgery and anesthesia are associated with an
increased risk of stroke compared to nonsurgical con-
trols,2 establishing perioperative recommendations to
minimize risk could be impactful. Stroke after non-
cardiac, nonneurologic surgery is relatively understudied
and there is a need for clarifying the clinical management
of surgical patients at high risk for the complication.

METHODOLOGY

Definition of Perioperative Stroke
Sacco et al have developed a consensus statement

regarding the broad definition of stroke.3 However, for
the purposes of this consensus statement, “perioperative
stroke” is defined as a brain infarction of ischemic or
hemorrhagic etiology that occurs during surgery or within
30 days after surgery. We recommend that such a
standardized definition be adopted for future reports. It is
important to note that this clinical situation is distinct
from that of a patient presenting for acute therapy after a
stroke has occurred in a nonoperative setting. Peri-
procedural care of patients presenting for endovascular
interventions to treat stroke is described elsewhere.4

Purpose of the Consensus Statement
The purpose of this consensus statement is to pro-

vide evidence-based recommendations regarding (1) pre-
operative identification of patients at high risk of stroke
during or after noncardiac, noncarotid, nonneurologic
surgery, (2) preoperative considerations to mitigate risk,
(3) intraoperative management to mitigate risk, and (4)
appropriate steps for clinical care if stroke is identified in
the postoperative period.

Focus
Patients undergoing carotid endarterectomy and a

variety of cardiac surgeries are known to be at high risk for
perioperative stroke, with fairly clear etiologies (e.g., em-
bolic event).5 As such, there has been considerable attention
to the prevention of stroke in these populations. The focus
of the current consensus statement is the prevention and
management of ischemic stroke in adult patients under-
going noncardiac, noncarotid, and nonneurologic surgery.

*Society Consensus Statements published in the Journal of Neuro-
surgical Anesthesiology have been reviewed by the JNA Affiliate So-
cieties that submit them for publication. They have not undergone
review by the Editorial Board of the Journal of Neurosurgical
Anesthesiology.
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Sensitivity Analyses
Analyses including imputed values on alcohol and smoking as
covariates in the models did not change the estimates sub-
stantially (ORs are shown in eTable 7 in the Supplement). Ex-
cluding surgeries of potential acute/emergent etiology yielded
similar results to the main analyses, with stepwise declines in
risk associated with prior stroke for longer time elapsed be-
tween stroke and surgery (eFigure 4 in the Supplement). Com-
pared with no stroke, ORs associated with MACE were 22.10
(95% CI, 16.85-29.00), 9.14 (95% CI, 5.97-13.99), 3.45 (95% CI,
2.17-5.48), and 2.83 (95% CI, 2.24-3.58) for stroke less than 3
months, stroke 3 to less than 6 months, stroke 6 to less than
12 months, and stroke 12 months or more prior to surgery, re-
spectively.

Among the subgroup of patients undergoing primary hip
and knee replacement surgery, 12 of 59 (20%) with stroke less
than 3 months, 7 of 50 (14%) with stroke 3 to less than 6 months,
7 of 99 (7.1%) with stroke 6 to less than 12 months, and 14 of
538 (2.6%) with stroke 12 months or more prior to surgery had
a MACE within 30 days compared with 223 of 39 396 (0.6%) in
the nonstroke group. Adjusted ORs associated with MACE for
the stroke groups were of similar magnitudes as those seen in
the other analyses (OR, 27.71; 95% CI, 13.96-54.97 for stroke <3
months prior; OR, 16.13; 95% CI, 6.85-38.00 for stroke 3 to <6
months prior; OR, 9.22; 95% CI, 4.10-20.77 for stroke 6 to <12
months prior; and OR, 2.68; 95% CI, 1.50-4.79 for stroke ≥12
months prior compared with the nonstroke group). Results for
ischemic stroke and all-cause mortality are shown in eTable 8
in the Supplement.

There were no major differences between stroke patients
and controls in propensity score–matched subgroups (base-

line characteristics are shown in eTable 9 in the Supplement).
The analyses yielded similar relationships between stroke
groups and risk of adverse outcomes as the main analyses
(Table 3).

The sensitivity analysis including only the first surgery dur-
ing the study period also yielded similar results to our main
results; ORs for 30-day MACE were 14.48 (95% CI, 11.49-
18.25) for stroke less than 3 months prior, 5.37 (95% CI, 3.47-
8.32) for stroke 3 to less than 6 months prior, 2.97 (95% CI, 1.97-
4.48) for stroke 6 to less than 12 months prior, and 2.39 (95%
CI, 1.94-2.93) for stroke 12 months or more prior compared with
the nonstroke group (full results are shown in eFigure 5 in the
Supplement).

Secondary Analyses
We found a history of stroke to be associated with greater risk of
30-day MACE in patients without atrial fibrillation (OR, 4.74; 95%
CI, 4.12-5.46) compared with patients with atrial fibrillation (OR,
2.18;95%CI,1.64-2.89;P<.001forinteraction).Wealsofoundprior
stroke to be associated with lower risk of 30-day MACE for use
of antithrombotic therapy (OR, 3.10; 95% CI, 2.67-3.61) compared
with no use of antithrombotic therapy (OR, 6.28; 95% CI, 5.06-
7.80; P<.001 for interaction). Similarly, ORs for 30-day MACE
among patients treated with statins were 3.59 (95% CI, 2.99-4.31)
compared with 4.36 (95% CI, 3.66-5.19) among patients not re-
ceiving statin treatment (P=.046 for interaction) (see eFigure 6
in the Supplement for additional interaction analyses). Associ-
ated risks did not differ between men and women (P=.50 for in-
teraction). Also, there was no statistically significant difference
in association between stroke group and risk of MACE for calen-
dar year (P=.46 for interaction).

Figure 1. Adjusted Odds Ratios of 30-Day Major Adverse Cardiac Events Stratified by Stroke Prior to Surgery
and Time Elapsed Between Stroke and Surgery

1.0 10010
Odds Ratio (95% CI)

Source
30-d MACE

Crude
Events, No.

Sample
Size, No.

Odds Ratio
(95% CI)

Prior stroke anytime 389 7137 4.03 (3.55-4.57)
No prior stroke 1923 474 046 1 [Reference]

Stroke <3 mo prior 153 862 14.23 (11.61-17.45)
Stroke 3 to <6 mo prior 34 469 4.85 (3.32-7.08)
Stroke 6 to <12 mo prior 37 898 3.04 (2.13-4.34)

165 4908Stroke ≥12 mo prior 2.47 (2.07-2.95)
30-d all-cause mortality

Prior stroke anytime 254 7137 1.75 (1.51-2.03)
No prior stroke 2914 474 046 1 [Reference]

Stroke <3 mo prior 66 862 3.07 (2.30-4.09)
Stroke 3 to <6 mo prior 21 469 1.97 (1.22-3.19)
Stroke 6 to <12 mo prior 29 898 1.45 (0.95-2.20)

138 4908Stroke ≥12 mo prior 1.46 (1.21-1.77)
30-d ischemic stroke

Prior stroke anytime 210 7137 16.24 (13.23-19.94)
No prior stroke 368 474 046 1 [Reference]

Stroke <3 mo prior 103 862 67.60 (52.27-87.42)
Stroke 3 to <6 mo prior 21 469 24.02 (15.03-38.39)
Stroke 6 to <12 mo prior 16 898 10.39 (6.18-17.44)

70 4908Stroke ≥12 mo prior 8.17 (6.19-10.80)

MACE indicates major adverse
cardiac events (acute myocardial
infarction, ischemic stroke, or
cardiovascular death). Adjusted for
sex, age, body mass index, all
comorbidities, all pharmacotherapy,
surgery group, and surgery risk.
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Discussion

In this nationwide study, we included all elective surgeries
in Denmark in 2005-2011 to study the importance of timing
of surgery in patients with a history of stroke for the risk of
MACE and death following surgery. In summary, we demon-
strated that prior ischemic stroke, irrespective of time
between ischemic stroke and surgery, was associated with
an adjusted 1.8- and 4.8-fold increased relative risk of
30-day mortality and 30-day MACE, respectively, compared
with patients without prior stroke. Second, we demon-
strated a strong time-dependent relationship between prior
stroke and adverse postoperative outcome, with patients
experiencing a stroke less than 3 months prior to surgery at
particularly high risk. The risk stabilized after approxi-
mately 9 months. Third, the increased relative risks associ-
ated with prior stroke were found to be of at least similar
magnitudes in low- and intermediate-risk surgeries, as in
high-risk surgeries.

Studies investigating the importance of timing of surgery
in patients who have had a stroke are sparse. In patients who
have had a myocardial infarction, a 3-month limit3 and a
6-month limit1,5 have been suggested for increased risk of post-
operative complications (repeat myocardial infarction, car-
diac arrest, and overall mortality). For stroke, a similar time-
dependent risk was apparent, but our results suggested that
patients with stroke should be considered at particularly in-
creased risk until 9 months following stroke. As only elective
surgeries were included in this study, we believe that the data
reflected a true risk rather than confounding by indication (ie,
emergent surgeries were excluded), although we were not able
to evaluate causal relationships because of the observational
design of this study.

Previous studies have demonstrated that a history of
stroke is associated with increased perioperative risk in
high-risk surgeries25-27 as well as intermediate- and low-risk
surgeries.28,29 A recent study including patients with prior
stroke undergoing coronary artery bypass graft surgery con-
cluded that prior stroke was associated with an increased
risk of postoperative stroke and death.26 However, in con-
trast to our results, they found the relative risk to increase
with increasing time between prior stroke and coronary
artery bypass graft surgery.26 The effect of time between
prior stroke and surgery as a risk factor for adverse out-
comes has been investigated as a dichotomous variable in
patients undergoing intermediate- and high-risk surgeries
(total hip replacement, total knee replacement, or surgery
for abdominal aortic aneurysms), ie, before and after 6
months prior, because of insufficient power for further
stratification.30 The study did not demonstrate any reduced
risk in patients with a stroke more than 6 months prior to
surgery.30 Our results were based on a larger number of
patients undergoing various types of noncardiac elective
surgery. In addition, time between stroke and surgery was
analyzed as a continuous variable in cubic spline regression
models and was further stratified into 5 groups, which pro-
vided a more detailed presentation of the time dependence

in stroke associated risk of adverse events following elective
surgery than prior studies.

Although some of the subgroup analyses stratified by sur-
gery risk included rather few surgeries, it was noticeable that

Figure 2. Restricted Cubic Splines for Risk of 30-Day MACE, 30-Day
All-Cause Mortality, and 30-Day Ischemic Stroke by Time Between
Stroke and Surgery
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Splines of the association of time elapsed between stroke and risk of major
adverse cardiac events (MACE), mortality, and ischemic stroke, respectively,
among patients with prior stroke. Dashed lines represent 95% confidence
intervals. All splines were adjusted for sex, age, and surgical category. The
median time between stroke and surgery (665 days) served as the reference.
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• Chirurgie	urgente	immédiate
• Très	morbide	
• ↑	MACE	si	chx 4-14	jrs	vs	1-3	jrs	post	AVC	(autorégulation?)

• Chirurgie	urgente	retardée
• <	3	mo	=	risque	élevé	(mortalité	16%,	récidive	AVC	10%)
• Stabilisation	du	risque	à	4-5	mo	post-AVC

• Pas	d’association	AG	vs	ALR		
• Lien	entre	AVC	et	chirurgie?	(19%	chx <	14	jrs	post	AVC)
• Chirurgie	« non	différable »	par	définition…

• Consentement	et	attentes	du	patient
• Modification	surveillance	postopératoire	
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repeated in a subgroup of patients undergoing minor or 
major orthopedic surgery. We estimated stroke-associated 
risks of 30-day MACEs stratified by anesthesia time (less 
than 120 min vs. 120 min or more), type of anesthesia (gen-
eral vs. other, which included regional anesthesia and/or 
sedation), and regular versus odd operation hours (regular 
being 7:00 AM to 4:00 PM on weekdays).

Data management and statistical analyses were performed 
using SAS version 9.4 (SAS Institute Inc, USA). Figures were 
compiled using R statistical software version 3.2.2 (https://
www.r-project.org; accessed February 5, 2017).

Main analyses were decided on a priori, including patient 
selection, variables, outcomes, and statistical methods. Sub-
analyses and sensitivity analyses were decided on post hoc and 
after inputs from peer review. Throughout the study, efforts 
were made to comply with the Strengthening the Report-
ing of Observational Studies in Epidemiology guideline for 
reporting observational studies.21

Results

All Patients: Baseline
We identified 146,694 emergency surgeries with 7,861 
patients (5.4%) having previous stroke. Only 3,509 (2.4%) 
were vascular surgeries, with 365 patients having previous 
stroke. Eleven percent of the patients had more than one 
eligible surgery within the study period.

For patients undergoing nonvascular surgery, more 
than half were women in all of the groups. Previous stroke 
patients were 7 to 8 yr older, on average, than patients with 
no previous stroke. All of the comorbidities were more 
prevalent in patients with previous stroke compared with 
no-stroke patients (all P < 0.05). Major orthopedic surgery 
accounted for 51 to 55% of surgeries in patients with pre-
vious stroke compared with only 30% in patients with no 
previous stroke (table 2, Supplemental Digital Content, 
http://links.lww.com/ALN/B461, which contains details 
on these surgeries and the proportion of surgeries related to 
fractures). Abdominal nonbowel surgery was more frequent 
in no-stroke patients (19%) compared with patients with 

previous stroke (8 to 12%). At baseline, patients with stroke 
less than 3 months before surgery were largely comparable 
with patients with stroke 3 to 9 months and more than 9 
months before surgery (baseline characteristics are presented 
in table 1 for nonvascular surgery and in table 3, Supple-
mental Digital Content, http://links.lww.com/ALN/B461, 
for vascular surgery).

Long-term Interval between Stroke and Surgery in All 
Patients: Crude Events and Adjusted Models
The crude number of events for nonvascular surgeries is 
shown in table 2. Thirty-day MACEs occurred in 20.7% of 
patients with stroke less than 3 months before surgery and 
8.8% of patients with stroke more than 9 months before 
surgery compared with only 2.3% of patients with no previ-
ous stroke. We observed low rates of myocardial infarctions 
in all of the patient subgroups (1% or less). Ischemic strokes 
were especially frequent in patients with stroke less than 3 
months before surgery (9.9%) compared to patients with 
more distant stroke (2.3 to 2.8%). Cardiovascular death was 
the main contributor to the MACE endpoint for no-stroke 
patients (1.8%), as well as in patients with recent (9.9%) or 
more distant stroke (5.9%). All-cause mortality was signifi-
cantly higher after surgery in stroke patients (11.7 to 16.4%) 
compared with no-stroke patients (4.8%). P value for the 
difference between the stroke groups was less than 0.001 for 
all of the endpoints.

Results from adjusted logistic regression models strati-
fied by vascular and nonvascular surgery are presented in 
figure 1. Patients with stroke less than 3 months were at high 
risk of MACE for both nonvascular surgery (OR = 4.71 
[95% CI, 4.18 to 5.32]) and vascular surgery (OR = 3.42 
[95% CI, 2.02 to 5.78]) compared with no-stroke patients. 
Similar findings were seen for all-cause mortality. Patients 
with stroke more than 9 months before surgery undergoing 
nonvascular surgery remained at a significantly increased risk 
of MACE (OR = 1.62 [95% CI, 1.43 to 1.84]) and mor-
tality (OR = 1.20 [95% CI, 1.08 to 1.34]) compared with 
no-stroke patients. We observed very high risks of repeat 
ischemic stroke in patients with stroke less than 3 months 

Table 2. Outcomes by Stroke Subgroup

Incidence

No Previous 
Stroke  

(N = 135,689)

Stroke < 3 
months  

(N = 2,289)

Stroke 3–9 
months  

(N = 1,090)

Stroke > 9 
months  

(N = 4,117)

n % n % n % n %

30-day all-cause mortality 6,501 4.8 376 16.4 134 12.3 482 11.7
30-day MACE 3,187 2.3 473 20.7 112 10.3 363 8.8
Separately analyzed endpoints*         
     Acute myocardial infarction 396 0.3 19 0.8 11 1.0 26 0.6
     Ischemic stroke 353 0.3 227 9.9 30 2.8 95 2.3
     Cardiovascular death 2,438 1.8 227 9.9 71 6.5 242 5.9

Major adverse cardiovascular events (MACE) included nonfatal myocardial infarction, nonfatal ischemic stroke, and any cardiovascular death. 
*Constitute the components of the combined endpoint of MACEs.
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in need of emergency surgery. The observed increasing risk 
of adverse events within the first days after stroke and the 
long-term increased risk within the first 4 to 5 months may 
provide guidance for clinicians preparing patients with pre-
vious stroke for surgery.

Clinical Importance
Our data suggest that emergency surgery is associated with 
better outcomes if operations occur within 72 h of the 
stroke; thereafter, a higher risk period ensues that coin-
cides with dysregulated cerebral autoregulation (see follow-
ing paragraph). Hence, we hypothesize that anesthesia and 
surgery may constitute a larger second hit in the poststroke 
phase when conducted between 4 to 14 days after the initial 
insult. Nonetheless, the results of this study are important 
for guiding perioperative decision-making and to inform 
the patient and relatives about realistic expectations of peri-
operative outcomes. For example, patients with stroke less 
than 3 months had a 16% absolute risk of 30-day mortality 
and a 21% risk of MACE, which is substantial. In addition, 
estimating absolute risks in clinically relevant subgroups 
of patients, we found that patient risks were also highly 
dependent on other comorbidities, sex, and age, as outlined 
in figure 3. Informing clinicians about expected outcomes 
in these high-risk patients according to comorbidities and 
demographics may improve individual preoperative evalua-
tion, rigorous monitoring, and patient care. Medical diseases 
such as atrial fibrillation and renal disease may be stabilized 
even in the setting of emergency surgery, and antithrombotic 
strategies should be carefully considered. Because this study 
showed a high incidence of repeat ischemic strokes (10% in 
patients with stroke less than 3 months), increased attention 
toward perioperative stroke screening seems relevant. The 
straightforward Face Arm Speech test for identifying neuro-
logic deficits has shown promise, and the routine use of this 
test in the postoperative setting may be warranted.28

Surgery, Anesthesia, and Cerebral Autoregulation
Interestingly, in propensity score–matched analyses, we 
found that immediate surgery within 1 to 3 days of the 

index stroke was associated with significantly fewer MACEs 
than early surgery within 4 to 14 days. Similarly, findings 
from spline analyses suggested that risks of adverse events 
and death increased over the first 3 to 7 days, followed 
by a decline in risks. A systematic review of 23 studies on 
autoregulation of cerebral blood flow has provided a pos-
sible explanation for the increasing risk of adverse events 
within the first days after stroke and the continuous decrease 
in risks for the following several months.29 The review sug-
gests that autoregulation deteriorates during the first 5 days 
after an ischemic stroke, followed by a recovery period of an 
estimated three months. These time intervals coincide with 
our periods of higher risk and hence support biologic plau-
sibility. However, because we did not have information on 
important perioperative parameters, clinical variables, or the 
indication for surgery, we urge caution with this interpreta-
tion. Future prospective studies with more detailed periop-
erative data should seek to address these issues in detail.

In our study, subgroup analysis stratified by duration of 
anesthesia showed an unexpected increased risk of MACE 
with shorter duration of surgery. One explanation might be 
that longer anesthesia time is due to more thorough prepa-
ration and thus reduced perioperative risks. We estimated 
preparation time as the difference in anesthesia time and total 
procedure time, which showed that mean preparation time 
was in fact longer in patients with previous stroke compared 
with no-stroke patients (data not shown). We were, however, 
unable to investigate these associations in depth because sur-
gery- and anesthesia-specific variables, beyond the type of 
anesthesia used, were not available in our registries.

We hypothesized that general anesthesia might exert 
more profound effects on the cardiovascular system and 
thus further aggravate the impaired autoregulation, increas-
ing the risks of adverse outcomes. The analyses stratified by 
type of anesthesia showed only a nonsignificant association 
toward increased risks with general anesthesia (70 vs. 80% 
had general anesthesia for patients with and without stroke, 
respectively), whereas no difference was observed in the sub-
group of patients undergoing orthopedic surgery. However, 
because we lack details of intraoperative care, we cannot 

Table 3. Outcomes for Propensity-score Matching

Variable
 

Stroke 1–3 days  
(N = 323)

Stroke 4–14 days  
(N = 323)

P Value n % n %

30-day all-cause mortality 54 16.7 58 18.0 0.678
30-day MACE 69 21.4 93 28.8 0.029
Separately analyzed endpoints*      
     Acute myocardial infarction 4 1.2 3 0.9 0.704
     Ischemic stroke 39 12.1 49 15.2 0.251
     Cardiovascular death 26 8.0 41 12.7 0.053

Outcomes for propensity score–matching analysis are displayed in n (%) of events and P value for difference. Major adverse cardiovascular event (MACE) 
included nonfatal myocardial infarction, nonfatal ischemic stroke, and any cardiovascular death. 
*Data constitute the components of the combined endpoint of MACEs.
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before surgery undergoing nonvascular (OR = 23.36 [95% 
CI, 19.24 to 28.37]) and vascular surgery (OR = 25.93 
[95% CI, 12.55 to 53.55]).

Time between stroke and surgery was analyzed as a continuous 
variable for nonvascular surgery in spline analyses (fig. 2A–C).  
As time between stroke and surgery increased, risks of MACE, 
death, and ischemic stroke declined. Patients undergoing surgery 
approximately 5 months after their index stroke were no longer 
at a significantly increased risk of MACE (OR = 1.21 [95% CI, 
0.98 to 1.49]) or death (OR = 1.20 [95% CI, 0.98 to 1.45]) 
compared with patients undergoing surgery approximately  
12 months after initial stroke (reference; fig. 2A–C).

Long-term Interval between Stroke and Surgery in All 
Patients: Absolute Risk by Comorbidity, Age, and Sex
The absolute risks of MACE in all patients undergoing non-
vascular surgery are presented for a total of 36 clinically rel-
evant patient subgroups, stratified by comorbidities, sex, and 
age (fig. 3). Risks of MACE in any male stroke patient more 
than 70 yr of age (16.2%) were lower than those of men 
more than 70 yr of age with concomitant stroke and chronic 
obstructive pulmonary disease (23.7%), stroke and myo-
cardial infarction (27.7%), and stroke and kidney disease 
(22.7%). On the contrary, the impact of comorbidities in 
addition to previous stroke was less pronounced in women 
less than 70 yr of age where the absolute risks of MACE 
included any stroke patient (9.1%), stroke and chronic 
obstructive pulmonary disease (7.3%), stroke and myo-
cardial infarction (12.1%), and stroke and kidney disease 
(12.5%). The sensitivity analysis of absolute risks of MACE 
stratified by the revised cardiac risk index is presented in 
table 4, Supplemental Digital Content (http://links.lww.
com/ALN/B461).

Immediate and Early Surgery: Baseline
A large proportion of patients with previous stroke under-
went surgery within 14 days of index stroke (see fig. 2, A 
and B, Supplemental Digital Content, http://links.lww.
com/ALN/B461, which displays time between previous 
stroke and surgery). Using propensity-score matching, we 
matched 323 patients undergoing early surgery (4 to 14 days 
after stroke) with the same number of patients undergoing 
immediate surgery (1 to 3 days after stroke). Baseline char-
acteristics before and after matching are shown in table 5, 
Supplemental Digital Content (http://links.lww.com/ALN/
B461). After successful matching, standardized mean dif-
ferences were less than 0.10, indicating minimal imbalance 
between the groups.

Immediate and Early Surgery: Crude Events and Adjusted 
Models
In the propensity score–matched population, risk of 30-day 
MACEs were significantly lower after immediate surgery  
(69 events) compared with early surgery (93 events;  
P = 0.029). No difference was observed for 30-day all-cause 
mortality (P = 0.678; table  3). In spline analyses, time 
between stroke and surgery up to 14 days was assessed as a 
continuous variable (fig. 2A–C). The point estimates indi-
cated that risks of MACE and death after surgery increased 
within the first 7 and 3 days, respectively, after a stroke; how-
ever, 95% CIs were wide and the day-by-day differences not 
statistically significant.

Sensitivity Analyses: All Patients and Orthopedic Surgery 
Patients
Risks of MACE associated with each stroke subgroup were 
estimated in analyses stratified by time of surgery, anesthe-
sia type, and duration of anesthesia, including all patients 

Fig. 1. Odds ratios for major adverse cardiovascular events 
and all-cause mortality. Data were adjusted for sex, age, body 
mass index, and all comorbidities, pharmacotherapy, surgery 
group, and surgery risk, as listed in table 1. MACE = major 
adverse cardiovascular events; Ref = reference.
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• Connaître	l’étiologie
• Risque	périopératoire augmenté
• Différer	chirurgie	si	possible	>	9	mois?
• Évaluation	risques/bénéfices	pour	timing	– discussion	neuro/chx/anesth
• Chx urgente	=	très	haut	risque	périopératoire,	pire	entre	4	jours	et	3	mois
• Impact	de	poursuite	ou	arrêt	de	traitement	antithrombotique

• Pas	de	modalité	anesthésique	clairement	plus	sécuritaire
• (ALR	en	ortho?)

• Cibles	intraopératoires (éviter	hypotension,	hypocapnie,	anémie)	
• Évaluation	neurologique	postopératoire	précoce	
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Hémorragie	intracérébrale
• Hémorragie	intracérébrale	spontanée	non-traumatique

• 2e cause	d’accident	vasculaire	cérébral
• Pire	morbidité/mortalité

• Taux	de	mortalité	40%	
• Évolution	neurologique	défavorable	60-70%

• Étiologies	multiples
• Vasculopathie hypertensive	(putamen,	thalamus,	protubérance,	cervelet)	– plus	fréquente
• Angiopathie	amyloïde	(hémorragie	lobaire)	– patients	plus	âgés	(>	60	ans)
• Secondaires	

• Malformation	vasculaires	(anévrysme,	MAV,	fistule	durale)
• Transformation	hémorragique	secondaire																																																																																							

(AVC	ischémique,	thrombose	veineuse	cérébrale	– infarctus	veineux)
• Néoplasie	(primaire,	métastase)
• Infectieuses	(embolie	septique,	anévrysme	mycotique,	encéphalite	HSV,	etc)	
• Coagulopathie (primaire,	médicamenteuse,	insuffisance	hépatique)
• Hyperperfusion cérébrale
• Autres:	Moyamoya,	RCVS,	drogues	(cocaïne,	amphétamines)

Articles

haematoma (left vs right), depth from the cortical
surface (!1 cm vs "1 cm), and country were used as
minimisation criteria.

A cost analysis covering a period of up to 6 months
after randomisation was undertaken for UK patients.
The unit costs used (base year 2001) were an amalgam of
local costs from one participating centre (Newcastle) and
nationally published figures in those circumstances
where individual unit costs were not available.27

The protocol for this study was peer reviewed and
accepted by The Lancet; a summary of the protocol was
published on the journal’s website, and the journal then
made a commitment to peer-review the primary clinical
manuscript.19

Role of the funding source
The sponsor of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study after unmasking and had final
responsibility for the decision to submit for publication.

Results
1033 patients from 83 centres in 27 countries were
randomised: 503 to early surgery and 530 to initial
conservative treatment. Details of all patients’ age, sex,
previous medical history, and Glasgow coma score at
presentation are shown in table 1. The groups were well
matched at baseline. More than half the patients were
men and ages ranged between 19 and 93 years, with a
median of 62 years (IQR 52–70). Time from ictus to
randomisation varied from 2 to 72 h, with half being
randomised within 20 h (10–36). A fifth of patients
presented in coma (ie, Glasgow coma score !8),
whereas two-fifths had a score of 13 or above.
Haematoma characteristics at randomisation are shown
in table 2. About two-fifths of the haematomas were
lobar and a similar number were located in the basal
ganglia or thalamic regions, with the rest extending
through both sites. Slightly more haematomas were
located on the left side than the right. The volume, using
the Broderick method,28 varied from 4 mL to 210 mL
(median 38 mL [24–62]) and the median depth from the
cortical surface was 1 cm (0–2).

The trial profile is shown in figure 1. Eight patients
were withdrawn from the study after randomisation: one
was recruited by an ineligible centre, one was withdrawn
by the centre, five withdrew consent, and the centre lost
all data for one. Thus, process data were available for
496 patients randomised to early surgery and 529 to
initial conservative treatment. Another 43 patients were
lost between the 2-week follow-up and 6-month follow-
up. For a further 17 patients, their status at 6 months
was not recorded but they were known to have died after
6 months. These 17 patients were included in the
survival analysis as they were known to have been alive
at follow-up, but were excluded from all other analyses
because their Glasgow outcome scales at 6 months were
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Early surgery Initial conservative 
(n=503) treatment (n=530)

Site of haematoma
Lobar 196  (39%) 214  (40%)
Basal ganglia/thalamic 210  (42%) 224  (42%)
Both 94  (19%) 90  (17%)
Not assessable 3  (1%) 2  

Left side of haematoma 265  (53%) 285  (54%)
Haematoma volume (mL)* 40  (24–63) 37  (23 – 60)
Minimum depth from cortical 1·0  (0·1–2·0) 1·0 (0·0–2·0)
surface (cm)

Data are number (%) or median (IQR). *Volume=length#width#height/2.28

Table 2: Haematoma characteristics

Early surgery Initial conservative 
(n=503) treatment (n=530)

Men 285 (57%) 306 (58%)
Age (years) 62 (52–70) 62 (53–71)
Pre-ICH modified Rankin index 

0 387 (79%) 397 (76%)
1 81 (16%) 92 (18%)
2 20 (4%) 21 (4%)
3 4 (1%) 13 (2%)
4 0  2  
5 0 0

Pre-ICH mobility
1  200 m or more outdoors 477 (97%) 499 (96%)
2  Walk indoors 13 (3%) 13 (3%)
3  Unable to walk 1  6 (1%)

Time between ictus and 22 (10–36) 20 (10–35)
randomisation (h)

Glasgow coma score
5–8 99 (20%) 106 (20%)
9–12 199 (40%) 211 (40%)
13–15 205 (41%) 213 (40%)

Affected arm
Normal or weak 195 (39%) 225 (42%)
Paralysed 300 (60%) 298 (56%)
Not assessable 8 (2%) 7 (1%)

Affected leg
Normal or weak 245 (49%) 269 (51%)
Paralysed 250 (50%) 251 (47%)
Not assessable 8 (2%) 10 (2%)

Speech
Normal 130 (26%) 142 (27%)
Dysphasic or aphasic 296 (59%) 314 (59%)
Not assessable 77 (15%) 74 (14%)

Any anticoagulation or thrombolytic 39 (8%) 55 (10%)
treatment contributing to ICH
Past medical history*

Hypertension 341 (69%) 378 (72%)
On antihypertensives 225 (46%) 263 (50%)
Previous myocardial infarction 28 (6%) 44 (8%)
Previous stroke 30 (6%) 43 (8%)
Smoker 146 (30%) 134 (26%)
Other medical disorders 132 (27%) 143 (27%)

Prognostic score 27·0 (–4·1 to 50·0) 29·2 (–3·1 to 56·9)
Good prognosis† 245 (49%) 271 (51%)

ICH=intracerebral haemorrhage. Data are number of patients (%) or median (IQR).
*Data missing for between nine and 14 patients in early surgery and between three and
ten cases in initial conservative treatment groups. †Good prognosis is a score greater
than 27·672.

Table 1: Baseline characteristics
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Hémorragie	intracérébale

• Morbidité	élevée	(<	40%	récupèrent	indépendance	fonctionnelle)	
• Mortalité	élevée	(35%	à	1	semaine,	59%	à	1	an)		

• Progression	d’hématome	èmortalité
• « Spot	sign »
• Délai	début	symptômes	et	imagerie
• Warfarine
• Volume	initial	de	l’hématome

• Conséquences	selon	volume,	localisation	et	comorbidités
• Déficit	focal	ad	altération	d’état	de	conscience
• HTIC	– effet	de	masse	régional,	ischémie	globale,	engagement…
• Déversement	intraventriculaire	è hydrocéphalie
• Convulsions	(15%)
• Extracrânienè aspiration,	cardiopathie
• Comorbidités	

followed by both CTA and post-contrast study [53].
Identification of a spot sign on CT may have several
clinical implications:
A. Identification of contrast extravasation and the

spot sign are potent and independent predictors
of hematoma expansion [60]. In the multicenter
prospective “Prediction of hematoma growth and
outcome in patients with ICH using the CT-
angiography spot sign” (PREDICT) study [66],
the presence of spot sign was associated with a
relative risk of 2.3 (95 % CI 1.6–3.1) for hematoma
expansion, defined as an absolute increase > 6 ml
or a relative increase > 33 % from baseline ICH
volume. However, identification of spot sign does
not necessarily infer definite hematoma expansion.
A spot sign score has been developed to help
predict hematoma expansion [62]. The score
includes: number of spot signs (1–2 or ≥3),
maximum axial dimension (1–4 mm or ≥5 mm),
and maximum attenuation in Hounsfield Units
(120–179 HU or ≥180 HU). A score of 0 indicates
that no spot sign was identified on CTA, and it has
been associated with minimum risk of hematoma
expansion (2 %). In patients with the maximum
score (4 points), the risk for hematoma expansion
approaches 100 % [62].

B. CTA spot sign is associated with both functional
outcome and mortality. In the PREDICT study
[66] patients with evidence of a spot sign on CTA
had a median 3-month modified Rankin Scale
(mRS) of 5 (severe disability—patient bedridden,
incontinent, and requiring constant nursing care
and attention), in contrast to a median mRS of 3
(moderate disability—patient requiring some help,
but able to walk without assistance) in spot-
sign-negative patients (p < 0.001). The 3-month
mortality was 43.4 % in the spot-sign-positive
group, compared with 19.6 % in the spot-sign-
negative patients (HR 2.4, 95 % CI 1.4–4.0,
p = 0.002). Likewise, in the spot sign score study
[63], the presence of spot sign was associated with
an increased risk of in-hospital mortality (55.6 %,
OR 4.0, 95 % CI 2.6–5.9, p < 0.0001) and with an
unfavorable functional outcome at 3 months
(50.8 %, OR 2.5, 95 % CI 1.4–4.3, p < 0.0014),
defined as mRS ≥ 4 (moderate severe disability—
patient unable to walk unassisted and unable to
attend to own bodily needs without assistance).

C. Patients with positive spot sign on CTA may
benefit from more aggressive treatment to reduce
hematoma expansion, which may decrease
mortality and improve functional outcome [60].
Studies are enrolling spot-sign-positive patients
for treatment with recombinant factor VIIa—Spot

Sign for Predicting and Treating ICH Growth
(STOP-IT) (ClinicalTrials.gov NCT00810888), and
Spot Sign Selection of Intracerebral Hemorrhage to
Guide Hemostatic Therapy (SPOTLIGHT)
(ClinicalTrials.gov NCT01359202)— and for
aggressive antihypertensive treatment (SCORE-
IT: NIH–NINDS R01NS073344) [67] (Additional
file 1: Table S4).

Clinical severity assessment
Routine use of ICH clinical grading scales to assess
baseline severity is useful in the standardization of initial
assessment and in communication between providers.
Scoring systems may allow for outcome risk stratification
based on patients’ presentation characteristics (Class I
recommendation) [9]. Several clinical grading scales
have been developed to risk-stratify and predict outcome
after spontaneous ICH [68]. The ICH score (Table 1) [38]
is the most widely used and externally validated ICH grad-
ing scale [68]. The ICH score was derived from a retro-
spective analysis of 152 spontaneous ICH patients who
presented to the University of California, San Francisco.
Five independent predictors of 30-day mortality were
identified and used to build the score: level of conscious-
ness according to the GCS; age; ICH volume; IVH; and

Table 1 Original ICH score and predicted 30-day mortality
according to total score
Component Points Total ICH score 30-day mortality (%)

Glasgow Coma Scale

3–4 2 0 0–10

5–12 1

13–15 0

Age (years)

≥80 1 1 7–13

<80 0

ICH volume (ml)

≥30 1 2 30–44

<30 0

Presence of intraventricular hemorrhage

Yes 1 3 56–78

No 0

Infra-tentorial origin of ICH

Yes 1 4 70–100

No 0

Total ICH score 0–6 5–6 100

The five independent predictors of 30-day mortality according to the original
ICH score are displayed in the first column (Glasgow Coma Scale, age, ICH
volume, intraventricular hemorrhage, and infra-tentorial location of ICH). The
total score is the sum of the five components, varying from 0 to 6 points
(column 3). The higher the total score (column 3), the higher the predicted
30-day mortality (column 4)
ICH intracerebral hemorrhage

de Oliveira Manoel et al. Critical Care  (2016) 20:272 Page 6 of 29

Hemphill et	al.	Stroke	2001
de	Oliveira	Manoel et	al.	Crit Care	2016
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Hémorragie	intracérébrale:	localisation	typique

much information can be gleaned from a quick assessment

using existing clinical grading scales. The ICH Score is the

most commonly used validated clinical grading scale for
patients with intracerebral hemorrhage, combining ele-

ments related to patient demographics, clinical condition,

and neuroimaging findings that are readily available at the
time of hospital admission [10, 11]. Several other useful

clinical grading scales are also available [12–14].

Components of the ICH Score include age, initial
Glasgow Coma Scale (GCS) score, ICH hematoma vol-

ume, ICH hematoma location (supratentorial or

infratentorial), and presence of IVH. Table 2 demonstrates
the components of the ICH score, with the full score being

the sum of points given for each component. Each point

increase in the ICH Score is associated with an increased
risk of mortality and a decreased likelihood of good

functional outcome. The ICH Score is best used as a

communication tool among providers and with patients or
family members regarding a patient’s condition rather than

as a tool to precisely prognosticate outcome. While it is

tempting to utilize clinical grading scales to triage severely

impaired patients toward less-aggressive intervention, this
approach is not recommended. Rather, in general, initial

aggressive therapy is recommended in order to avoid the

potential for a self-fulfilling prophecy of poor outcome in
the context of early care limitations [1, 15, 16].

Primary Intervention: Blood Pressure,
Coagulopathy, and Surgery

Following the diagnosis of ICH, immediate consideration
should be given to the need for (a) acute control of elevated

blood pressure, (b) correction of coagulopathy due to

medications or underlying medical conditions, and (c) the
need for urgent surgical hematoma evacuation. These are

common themes that should form part of the initial ICH

evaluation and treatment plan. Decisions regarding these
interventions will influence the succeeding aspects of ICH

Fig. 2 Typical locations for intracerebral hemorrhage (ICH). ICH
due to chronic hypertension is usually due to rupture of small
penetrating arterioles and typically occurs in the basal ganglia (a),
thalamus (b), cerebellum (d), and pons (e). ICH from cerebral
amyloid angiopathy and sympathomimetic drugs of abuse such as
cocaine or methamphetamine often occurs in lobar regions such as the

temporal lobe (c). Supratentorial ICH would be considered as basal
ganglia, thalamic, or lobar (a–c), whereas ICH originating in the
cerebellum or pons would be considered infratentorial (d, e). a, b, and
e also demonstrate IVH

S92 Neurocrit Care (2017) 27:S89–S101

123

Hemphill et	al.	Neurocrit Care	2017
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Interventions	thérapeutiques
• Traitements	de	support	– ABC	
• Identifier	et	prévenir	progression	d’hématome

• Réduction	de	pression	artérielle
• Correction	de	coagulopathie

• Interventions	neurochirurgicales
• Prévenir	dommage	secondaire	par	HTIC,	convulsions,	insultes	secondaires...	

factors such as age, previous comorbidities, etiology of the
bleeding, and socioeconomic factors [12], which are known
to affect outcome [16].

Etiology and risk factors
The most important modifiable risk factor in spontaneous
ICH is chronic arterial hypertension [17]. Deep perforator
arteries in the pons, midbrain, thalamus, basal ganglia, and
deep cerebellar nuclei, chronically damaged by hyperten-
sion, are the most common locations for hypertensive
bleeding [18, 19]. Chronic hypertension is present in 50–
70 % of patients who develop ICH [20]. Patients with a sys-
tolic blood pressure (SBP) ≥160 mmHg or a diastolic blood
pressure ≥110 mmHg have a 5.5 (95 % CI 3.0–10.0) times
increased rate of ICH, compared with normotensive pa-
tients [21]. Besides hypertension, cerebrovascular amyloid
deposition (i.e., cerebral amyloid angiopathy) is associated
with ICH in older patients [22]. Intracranial hemorrhage
associated with cerebral amyloid angiopathy seldom occurs
in subjects younger than 60 years of age. The incidence sig-
nificantly increases thereafter, and is almost always associ-
ated with a lobar hemorrhage [23]. Coagulopathies (i.e., the
use of antithrombotic or thrombolytic agents, congenital
or acquired factor deficiencies) and systemic diseases, such
as thrombocytopenia, are possible causes of ICH. The use
of oral anticoagulants, especially vitamin K inhibitors
(i.e., warfarin), has increased coagulopathy-associated
ICH in recent years, accounting for more than 15 % of all
cases [14, 24].

Psychosocial, ethnic, and economic factors play a role
in the prevalence of cerebral hemorrhage, with ICH being
twice as common in low-income and middle-income coun-
tries compared with high-income countries [2, 19, 25].
Other identified risk factors for ICH include age (i.e., each
decade from 50 years of age is associated with a 2-fold
increase in the incidence of ICH) and an elevated alcohol
intake [20].
Etiologies of ICH to always consider include: intracra-

nial aneurysms (typically presenting as subarachnoid
hemorrhage); arteriovenous malformations (ICH is the
first presentation of AVMs in 60 % of cases); cerebral
venous sinus thrombosis and venous infarction; brain tu-
mors (<5 % of all ICH cases) including cerebral metastasis
(e.g., lung cancer, melanoma, renal cell carcinoma, thyroid
carcinoma, and choriocarcinoma) and primary CNS tu-
mors (e.g., glioblastoma multiforme and oligodendrogli-
omas); and drugs of abuse (e.g., cocaine, amphetamines).
Because of the differing etiologies of ICH, a rapid and
accurate diagnosis of the underlying etiology of ICH is
essential to direct appropriate management strategies.

Initial evaluation and clinical stabilization
According to the AHA/ASA guidelines [9] and the
Emergency Neurological Life Support protocols [26],
spontaneous intracranial hemorrhage is a medical emer-
gency and should be managed accordingly. The initial
management should focus on the following principles
(Fig. 1):

Fig. 1 Principles of ICH management. GCS Glasgow Coma Scale, SaO2 Oxygen arterial saturation, PaCO2 partial pressure of carbon dyoxide, ICP intracranial
pressure, CBC Complete Blood Count, PTT Partial Thromboplastin Time, INR international normalised ratio, VKAs Vitamin K inhibitors, NOACs newer oral
anticoagulants, LMWH lower molecular weight heparin, HTN hypertension, NCCT non contrast computed tomography, CTA computed tomography
angiography, MRI magnetic resonance imaging, MRA Magnetic Resonance Angiography, MRV Magnetic Resonance Venogram, DSA digital subtraction
angiography, ICH intracerebral hemorrhage, IVH intraventricular hemorrhage, NIHSS National Institutes of Health Stroke Scale, SBP systolic blood pressure,
EVD external ventricular drain

de Oliveira Manoel et al. Critical Care  (2016) 20:272 Page 2 of 29

de	Oliveira	Manoel et	al.	Crit Care	2016



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Prévenir	progression	d’hématome:	spot	sign
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Progression	d’hématome	=	précoce

• Progression	d’hématome	=	↑>	33%	ou	>	6	mL

• Progression	d’hématome	=	↑>	40%	ou	>	10	mL

Intervalle entre début des symptômes et 1er scan
0-3h 27/74 36% 
3-6h 7/45 16%
6-12h 5/33 15%
12-24h 2/34 6%
> 24h 0/18 0%
Total 41/204 20%

Brouwers et	al.	Neurocrit Care	2012
Kazui et	al.	Stroke	1996
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INTERACT2
(NEJM	2013)

Devis RCT	open-label
(Chine,	Australie,	EU,	France,	RU,	Chili)	

2008-2012

Patients 2839

Inclusion ≥	18	ans
HIP	(+/- HIV	ou	HSA)

220	≥	PAsyst ≥	150	mmHg

Exclusion CI	à	réduction	pression	art
MAV,	anévrysme,	trauma,	ACV

HIP	massive,	GCS	3-5
Cranio	précoce	prévue

mRS	≥	3

Délai	traitement HIP	≤	6	hrs

Traitement	 PAsyst <	180	mmHg
PAsyst <	140	mmHg
(Délai	≤	1	heure)
Durée	7	jours

Issue primaire mRS	≥	3	à	90	jours

Taille	HIP	(méd)	 11	mL
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INTERACT2
(NEJM	2013)

8% 

8% 

21% 

18% 

19% 

19% 

16% 

17% 

18% 

19% 

6% 

8% 

12% 

12% 

INTENSIF

STANDARD

MRS	À	90	JOURS
0 1 2 3 4 5 6

p	=	0.059

• ANALYSE	ORDINAL:	DISTRIBUTION	MRS	PLUS	FAVORABLE	(OR	0.87,	P=0.04)

• ABSENCE	D’AUGMENTATION	D’EFFETS	ADVERSES	è SÉCURITÉ

• ABSENCE	D’EFFET	SIGNIFICATIF	SUR	PROGRESSION	D’HÉMATOME	(mécanisme	présumé…)

p	=	0.038p	=	0.03

Prévenir	progression	d’hématome:	réduction	PA
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ATACH-2
(NEJM	2016)

Devis RCT	open-label	
(EU,	Japon,	Chine,	Taiwan,	Corée	du	Nord,	

Allemagne)	
2011-2015

Patients 1000	(/1280)

Inclusion ≥	18	ans
HIP	spontanée supratentorielle

PAsyst ≥	180	mmHg

Exclusion HIP	massive	(≥	60	mL)
GCS	3-5

Délai	traitment HIP	≤	4.5	hrs
Traitement	 PAsyst <	180	mmHg	(140-179)

PAsyst <	140	mmHg	(110-139)
Délai	≤	2	heure
Durée	24	heures
NICARDIPINE

Issue primaire mRS	≥	4	à	90	jours
Taille	HIP	(méd) 10 mL

141

129

Prévenir	progression	d’hématome:	réduction	PA
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ATACH-2
(NEJM	2016)

5% 

7% 

20% 

20% 

19% 

17% 

18% 

18% 

26% 

27% 

6% 

4% 

7% 

7% 

INTENSIF

STANDARD

MRS	À	90	JOURS
0 1 2 3 4 5 6

• ABSENCE	D’EFFET	SIGNIFICATIF	SUR	L’ÉVOLUTION	(OUTCOME)

• ABSENCE	D’EFFET	SIGNIFICATIF	SUR	PROGRESSION	D’HÉMATOME
• INTENSIF	18.9%	VS	STANDARD	24.4%	RR	0.78	(0.58	– 1.03)	P =	0.08

• PLUS	D’EFFETS	SECONDAIRES	DANS	GROUPE	INTENSIF	
• SAE	25.6%	VS	20%	(P =	0.05)
• EFFETS	ADVERSES	« RÉNAUX »	9%	VS	4%	(P =	0.002)

Prévenir	progression	d’hématome:	réduction	PA
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INTERACT2	VS	ATACH-2

141

129

AGENTS	IV	PRÉ-RANDOMISATION

INTERACT2	è PASYST ≤	220	MMHG

ATACH-2	è PASYST <	180	MMHG



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

INTERACT2	VS	ATACH-2

141

129

Échec d’atteinte d’objectif (PAsyst)
INTERACT2	=	66%	(à 1h)
ATACH-2	=	12%	(à 2h)
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Morotti et	al.	JAMA	2017	
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Réduction	de	PA:	recommandations	

ICP Monitoring and Treatment: Recommendations 
1. Ventricular drainage as treatment for hydrocephalus is reasonable, especially in patients with decreased level of 
consciousness (Class IIa; Level of Evidence B). 

2. Patients with a GCS score of ≤8, those with clinical evidence of transtentorial herniation, or those with significant IVH or 
hydrocephalus might be considered for ICP monitoring and treatment. A CPP of 50 to 70 mm Hg may be reasonable to 
maintain depending on the status of cerebral autoregulation (Class IIb; Level of Evidence C). 

3. Corticosteroids should not be administered for treatment of elevated ICP in ICH (Class III; Level of Evidence B). 

BP: Recommendations 
1. For ICH patients presenting with SBP between 150 and 220 mmHg and without contraindication to acute BP treatment, 
acute lowering of SBP to 140 mm Hg is safe (Class I; Level of Evidence A) and can be effective for improving functional 
outcome (Class IIa; Level of Evidence B). 

2. For ICH patients presenting with SBP >220 mm Hg, it may be reasonable to consider aggressive reduction of BP with a 
continuous intravenous infusion and frequent BP monitoring (Class IIb; Level of Evidence C). 

Hemphill et	al.	Stroke	2015
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Correction	de	coagulopathie

• HIC	associée	aux	anticoagulants/antithrombotiques
• Haut	risque	de	progression	d’hématome
• Haut	risque	de	mortalité	et	de	morbidité

• Renversement	rapide	et	efficace	recommandé		
• Interrompre	l’administration	de	agent!
• Anti-vitamine	K	è vitamine	K	+	CCP	>>>	PFC	
• Héparine	non-fractionné,	HBPM	è protamine
• Antiplaquettaire	è impact	sur	progression	d’hématome	et	évolution	neuro	
incertaine	(données	contradictoires),	transfusion	PLT	controversée,	DDAVP?
• Anticoagulants	oraux	directs	(AOD)	è risque	HIC	plus	faible	que	warfarine,	
CCP	vs	antagoniste	spécifique	si	disponible?
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for such bias using an ANCOVA model. We found no 
statistically signifi cant diff erence between treatment 
groups in terms of predicted blood loss (mean 

predicted blood loss 173·7 mL [SD 188·2] for 4F-PCC 
vs 173·3 mL [188·7] for plasma), supporting the fi nding 
of no bias on the part of the investigators, and the 
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Figure 4: Secondary endpoints
Figure shows INR correction and factor-level repletion in the ITT-E population. Data are proportion of patients or mean percentage of normal levels (SD). 
4F-PCC=four-factor prothrombin complex concentrate. INR=international normalised ratio. ITT-E=intention-to-treat effi  cacy.
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Four-factor prothrombin complex concentrate versus 
plasma for rapid vitamin K antagonist reversal in 
patients needing urgent surgical or invasive interventions: 
a phase 3b, open-label, non-inferiority, randomised trial
Joshua N Goldstein, Majed A Refaai, Truman J Milling Jr, Brandon Lewis, Robert Goldberg-Alberts, Bruce A Hug, Ravi Sarode

Summary
Background Rapid reversal of vitamin K antagonist (VKA)-induced anticoagulation is often necessary for patients 
needing urgent surgical or invasive procedures. The optimum means of VKA reversal has not been established in 
comparative clinical trials. We compared the effi  cacy and safety of four-factor prothrombin complex concentrate 
(4F-PCC) with that of plasma in VKA-treated patients needing urgent surgical or invasive procedures.

Methods In a multicentre, open-label, phase 3b randomised trial we enrolled patients aged 18 years or older needing 
rapid VKA reversal before an urgent surgical or invasive procedure. We randomly assigned patients in a 1:1 ratio to 
receive vitamin K concomitant with a single dose of either 4F-PCC (Beriplex/Kcentra/Confi dex; CSL Behring, Marburg, 
Germany) or plasma, with dosing based on international normalised ratio (INR) and weight. The primary endpoint was 
eff ective haemostasis, and the co-primary endpoint was rapid INR reduction (≤1·3 at 0·5 h after infusion end). The 
analyses were intended to evaluate, in a hierarchical fashion, fi rst non-inferiority (lower limit 95% CI greater than −10% 
for group diff erence) for both endpoints, then superiority (lower limit 95% CI >0%) if non-inferiority was achieved. 
Adverse events and serious adverse events were reported to days 10 and 45, respectively. This trial is registered at 
ClinicalTrials.gov, number NCT00803101.

Findings 181 patients were randomised (4F-PCC n=90; plasma n=91). The intention-to-treat effi  cacy population 
comprised 168 patients (4F-PCC, n=87; plasma, n=81). Eff ective haemostasis was achieved in 78 (90%) patients in the 
4F-PCC group compared with 61 (75%) patients in the plasma group, demonstrating both non-inferiority and 
superiority of 4F-PCC over plasma (diff erence 14·3%, 95% CI 2·8–25·8). Rapid INR reduction was achieved in 
48 (55%) patients in the 4F-PCC group compared with eight (10%) patients in the plasma group, demonstrating both 
non-inferiority and superiority of 4F-PCC over plasma (diff erence 45·3%, 95% CI 31·9–56·4). The safety profi le of 
4F-PCC was generally similar to that of plasma; 49 (56%) patients receiving 4F-PCC had adverse events compared 
with 53 (60%) patients receiving plasma. Adverse events of interest were thromboembolic adverse events (six [7%] 
patients receiving 4F-PCC vs seven [8%] patients receiving plasma), fl uid overload or similar cardiac events (three 
[3%] patients vs 11 [13%] patients), and late bleeding events (three [3%] patients vs four [5%] patients).

Interpretation 4F-PCC is non-inferior and superior to plasma for rapid INR reversal and eff ective haemostasis in 
patients needing VKA reversal for urgent surgical or invasive procedures.

Funding CSL Behring.

Introduction
Patients receiving therapy with a vitamin K antagonist 
(VKA) have an increased risk of bleeding during 
surgical and procedural interventions.1 Therefore, 
guidelines recommend temporary interruption of VKA 
therapy 5 days before elective surgery to minimise 
perioperative bleeding.1 However, when patients need 
an urgent procedure, VKA reversal is often performed 
in the acute setting. Findings from a 2012 clinical trial 
underlined the risks involved, showing that the 
frequency of periprocedural bleeding in patients 
receiving VKA therapy was 3·3% for elective 
procedures, but 21·6% for emergency procedures.2 
Although vitamin K alone can be eff ective, reversal can 
take several hours.3 Therefore, emergency reversal 

additionally necessitates the rapid replacement of 
vitamin K-dependent coagulation factors (ie, factors II, 
VII, IX, and X).

In some countries, including the USA, plasma is the 
most commonly used agent for rapid VKA reversal. 
Although plasma contains the vitamin K-dependent 
coagulation factors, it needs ABO typing and thawing 
before use, and is associated with long infusion times.4–6 
More importantly, it can be associated with severe adverse 
outcomes including transfusion-related acute lung 
injury and transfusion-associated circulatory overload.7 
Non-activated prothrombin complex concentrates contain 
vitamin K-dependent coagulation factors and are 
categorised as three-factor (3F-PCC) or four-factor 
(4F-PCC) prothrombin complex concentrates (depending 
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plasma for rapid vitamin K antagonist reversal in 
patients needing urgent surgical or invasive interventions: 
a phase 3b, open-label, non-inferiority, randomised trial
Joshua N Goldstein, Majed A Refaai, Truman J Milling Jr, Brandon Lewis, Robert Goldberg-Alberts, Bruce A Hug, Ravi Sarode

Summary
Background Rapid reversal of vitamin K antagonist (VKA)-induced anticoagulation is often necessary for patients 
needing urgent surgical or invasive procedures. The optimum means of VKA reversal has not been established in 
comparative clinical trials. We compared the effi  cacy and safety of four-factor prothrombin complex concentrate 
(4F-PCC) with that of plasma in VKA-treated patients needing urgent surgical or invasive procedures.

Methods In a multicentre, open-label, phase 3b randomised trial we enrolled patients aged 18 years or older needing 
rapid VKA reversal before an urgent surgical or invasive procedure. We randomly assigned patients in a 1:1 ratio to 
receive vitamin K concomitant with a single dose of either 4F-PCC (Beriplex/Kcentra/Confi dex; CSL Behring, Marburg, 
Germany) or plasma, with dosing based on international normalised ratio (INR) and weight. The primary endpoint was 
eff ective haemostasis, and the co-primary endpoint was rapid INR reduction (≤1·3 at 0·5 h after infusion end). The 
analyses were intended to evaluate, in a hierarchical fashion, fi rst non-inferiority (lower limit 95% CI greater than −10% 
for group diff erence) for both endpoints, then superiority (lower limit 95% CI >0%) if non-inferiority was achieved. 
Adverse events and serious adverse events were reported to days 10 and 45, respectively. This trial is registered at 
ClinicalTrials.gov, number NCT00803101.

Findings 181 patients were randomised (4F-PCC n=90; plasma n=91). The intention-to-treat effi  cacy population 
comprised 168 patients (4F-PCC, n=87; plasma, n=81). Eff ective haemostasis was achieved in 78 (90%) patients in the 
4F-PCC group compared with 61 (75%) patients in the plasma group, demonstrating both non-inferiority and 
superiority of 4F-PCC over plasma (diff erence 14·3%, 95% CI 2·8–25·8). Rapid INR reduction was achieved in 
48 (55%) patients in the 4F-PCC group compared with eight (10%) patients in the plasma group, demonstrating both 
non-inferiority and superiority of 4F-PCC over plasma (diff erence 45·3%, 95% CI 31·9–56·4). The safety profi le of 
4F-PCC was generally similar to that of plasma; 49 (56%) patients receiving 4F-PCC had adverse events compared 
with 53 (60%) patients receiving plasma. Adverse events of interest were thromboembolic adverse events (six [7%] 
patients receiving 4F-PCC vs seven [8%] patients receiving plasma), fl uid overload or similar cardiac events (three 
[3%] patients vs 11 [13%] patients), and late bleeding events (three [3%] patients vs four [5%] patients).

Interpretation 4F-PCC is non-inferior and superior to plasma for rapid INR reversal and eff ective haemostasis in 
patients needing VKA reversal for urgent surgical or invasive procedures.
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surgical and procedural interventions.1 Therefore, 
guidelines recommend temporary interruption of VKA 
therapy 5 days before elective surgery to minimise 
perioperative bleeding.1 However, when patients need 
an urgent procedure, VKA reversal is often performed 
in the acute setting. Findings from a 2012 clinical trial 
underlined the risks involved, showing that the 
frequency of periprocedural bleeding in patients 
receiving VKA therapy was 3·3% for elective 
procedures, but 21·6% for emergency procedures.2 
Although vitamin K alone can be eff ective, reversal can 
take several hours.3 Therefore, emergency reversal 

additionally necessitates the rapid replacement of 
vitamin K-dependent coagulation factors (ie, factors II, 
VII, IX, and X).

In some countries, including the USA, plasma is the 
most commonly used agent for rapid VKA reversal. 
Although plasma contains the vitamin K-dependent 
coagulation factors, it needs ABO typing and thawing 
before use, and is associated with long infusion times.4–6 
More importantly, it can be associated with severe adverse 
outcomes including transfusion-related acute lung 
injury and transfusion-associated circulatory overload.7 
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vitamin K-dependent coagulation factors and are 
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We applied an ANCOVA model with predicted blood 
loss as a dependent variable, treatment, sex, surgical 
type, and study site as factors, and preinfusion 
haemoglobin as a covariate to establish whether predicted 
blood loss diff ered by treatment, which would suggest 
bias in the estimation of predicted blood loss.

We compared incidences of thromboembolic events, 
fl uid overload events, and deaths between treatment 
groups using Newcombe-Wilson CIs with continuity 
correction; other safety outcomes were analysed 
descriptively. We computed p values using the χ² test for 
homogeneity or Fisher’s exact test when any of the cell 
sizes were small (less than fi ve).

As a result of the protocol amendment to halt 
enrolment of patients undergoing non-surgical invasive 

procedures, we also planned to do non-inferiority and 
superiority analyses of the haemostatic effi  cacy and rapid 
INR reduction endpoints with the exclusion of patients 
needing non-surgical invasive procedures.

We analysed data with SAS version 9.3. This trial is 
registered at ClinicalTrials.gov, number NCT00803101.

Role of the funding source
This research was funded by CSL Behring. A steering 
committee of academic medical experts and rep-
resentatives of the funder oversaw the design and 
conduct of the study. The funder participated in the 
selection of the board members. The funder was 
responsible for data collection, management, and 
analysis of the data according to a predefi ned statistical 

Figure 2: Study overview (ITT-E population)
Data are mean (SD) or median (IQR). ITT-E=intention-to-treat effi  cacy. 4F-PCC=four-factor prothrombin complex concentrate. INR=international normalised ratio.
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Figure 3: Primary and co-primary endpoints
Figure shows eff ective haemostasis (haemostatic effi  cacy rating of excellent or good) and rapid INR reduction (INR ≤1·3 at 0·5 h after end of infusion) by non-
inferiority analysis in the ITT-E population. Treatment diff erence refers to between-group diff erence of 4F-PCC minus plasma. Tinted area shows zone of non-
inferiority, bounded by non-inferiority margin (dotted line) set at −10%. Superiority margin was set at 0% (solid line), meaning that 4F-PCC is superior to plasma if 
the lower limit of the 95% CI is to the right of the solid line. 4F-PCC=four-factor prothrombin complex concentrate. INR=international normalised ratio. 
ITT-E=intention-to-treat effi  cacy.
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• PFC	20	mL/kg	vs	CCP	30	UI/kg
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Fresh frozen plasma versus prothrombin complex 
concentrate in patients with intracranial haemorrhage 
related to vitamin K antagonists (INCH): a randomised trial
Thorsten Steiner*, Sven Poli*, Martin Griebe, Johannes Hüsing, Jacek Hajda, Anja Freiberger, Martin Bendszus, Julian Bösel, Hanne Christensen, 
Christian Dohmen, Michael Hennerici, Jennifer Kollmer, Henning Stetefeld, Katja E Wartenberg, Christian Weimar, Werner Hacke, Roland Veltkamp

Summary
Background Haematoma expansion is a major cause of mortality in intracranial haemorrhage related to vitamin K 
antagonists (VKA-ICH). Normalisation of the international normalised ratio (INR) is recommended, but optimum 
haemostatic management is controversial. We assessed the safety and effi  cacy of fresh frozen plasma (FFP) versus 
prothrombin complex concentrate (PCC) in patients with VKA-ICH.

Methods We did an investigator-initiated, multicentre, prospective, randomised, open-label, blinded-endpoint trial. 
Patients aged at least 18 years with VKA-ICH who presented within 12 h after symptom onset with an INR of at least 
2·0 were randomly assigned (1:1) by numbered sealed envelopes to 20 mL/kg of intravenous FFP or 30 IU/kg of 
intravenous four-factor PCC within 1 h after initial cerebral CT scan. The primary endpoint was the proportion of 
patients with INR 1·2 or lower within 3 h of treatment initiation. Masking of treatment was not possible, but the 
primary analysis was observer masked. Analyses were done using a treated-as-randomised approach. This trial is 
registered with EudraCT, number 2008-005653-37, and ClinicalTrials.gov, number NCT00928915.

Findings Between Aug 7, 2009, and Jan 9, 2015, 54 patients were randomly assigned (26 to FFP and 28 to PCC) and 
50 received study drug (23 FFP and 27 PCC). The trial was terminated on Feb 6, 2015, after inclusion of 50 patients after 
a safety analysis because of safety concerns. Two (9%) of 23 patients in the FFP group versus 18 (67%) of 27 in the PCC 
group reached the primary endpoint (adjusted odds ratio 30·6, 95% CI 4·7–197·9; p=0·0003). 13 patients died: eight 
(35%) of 23 in the FFP group (fi ve from haematoma expansion, all occurring within 48 h after symptom onset) and fi ve 
(19%) of 27 in the PCC group (none from haematoma expansion), the fi rst of which occurred on day 5 after start of treatment. 
Three thromboembolic events occurred within 3 days (one in the FFP group and two in the PCC group), and six after 
day 12 (one and fi ve). 43 serious adverse events (20 in the FFP group and 23 in the PCC group) occurred in 26 patients. 
Six serious adverse events were judged to be FFP related (four cases of haematoma expansion, one anaphylactic reaction, 
and one ischaemic stroke) and two PCC related (ischaemic stroke and pulmonary embolism).

Interpretation In patients with VKA-related intracranial hemorrhage, four-factor PCC might be superior to FFP with 
respect to normalising the INR, and faster INR normalisation seemed to be associated with smaller haematoma 
expansion. Although an eff ect of PCC on clinical outcomes remains to be shown, our data favour the use of PCC over 
FFP in intracranial haemorrhage related to VKA. 
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Introduction
Intracranial haemorrhage related to vitamin K 
antagonists (VKA-ICH) is responsible for up to 36% of 
bleeding-associated deaths during long-term anti-
coagulation.1,2 The incidence of VKA-ICH was between 
0·33% and 0·85% per year in randomised controlled 
trials of warfarin versus non-VKAs,3–6 and as high as 
1·9% in a cohort study.7 Haematoma expansion remains 
a major cause of mortality, occurring in 36–54% of 
patients with VKA-ICH, most frequently in the fi rst few 
hours after haemorrhage onset.1,8

Since VKAs lead to the depletion of coagulation factors 
II, VII, IX, and X, repletion of coagulation factors using 
fresh frozen plasma (FFP) or prothrombin complex 
concentrate (PCC; three or four factor) might normalise 
coagulation and prevent haematoma expansion. Only 

two randomised trials have compared PCC and FFP for 
urgent VKA reversal.9,10 Findings from both trials suggest 
superiority of PCC regarding international normalised 
ratio (INR) reversal and eff ective haemostasis. However, 
only a few patients in these trials had VKA-ICH or were 
in need of VKA reversal before urgent neurosurgical 
intervention. In a retrospective international study in 
2015, no diff erence in mortality between FFP and PCC in 
VKA-ICH was found.11 Four-factor PCC might be superior 
to three-factor PCC for INR reversal, but only two 
retrospective studies have directly compared both PCC 
types and data from prospective randomised trials are 
absent.12,13

In the absence of evidence from randomised controlled 
trials specifi cally of VKA-ICH, treatment guidelines 
recommend using PCC or FFP on the basis of plausibility 
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concentrate in patients with intracranial haemorrhage 
related to vitamin K antagonists (INCH): a randomised trial
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Summary
Background Haematoma expansion is a major cause of mortality in intracranial haemorrhage related to vitamin K 
antagonists (VKA-ICH). Normalisation of the international normalised ratio (INR) is recommended, but optimum 
haemostatic management is controversial. We assessed the safety and effi  cacy of fresh frozen plasma (FFP) versus 
prothrombin complex concentrate (PCC) in patients with VKA-ICH.

Methods We did an investigator-initiated, multicentre, prospective, randomised, open-label, blinded-endpoint trial. 
Patients aged at least 18 years with VKA-ICH who presented within 12 h after symptom onset with an INR of at least 
2·0 were randomly assigned (1:1) by numbered sealed envelopes to 20 mL/kg of intravenous FFP or 30 IU/kg of 
intravenous four-factor PCC within 1 h after initial cerebral CT scan. The primary endpoint was the proportion of 
patients with INR 1·2 or lower within 3 h of treatment initiation. Masking of treatment was not possible, but the 
primary analysis was observer masked. Analyses were done using a treated-as-randomised approach. This trial is 
registered with EudraCT, number 2008-005653-37, and ClinicalTrials.gov, number NCT00928915.

Findings Between Aug 7, 2009, and Jan 9, 2015, 54 patients were randomly assigned (26 to FFP and 28 to PCC) and 
50 received study drug (23 FFP and 27 PCC). The trial was terminated on Feb 6, 2015, after inclusion of 50 patients after 
a safety analysis because of safety concerns. Two (9%) of 23 patients in the FFP group versus 18 (67%) of 27 in the PCC 
group reached the primary endpoint (adjusted odds ratio 30·6, 95% CI 4·7–197·9; p=0·0003). 13 patients died: eight 
(35%) of 23 in the FFP group (fi ve from haematoma expansion, all occurring within 48 h after symptom onset) and fi ve 
(19%) of 27 in the PCC group (none from haematoma expansion), the fi rst of which occurred on day 5 after start of treatment. 
Three thromboembolic events occurred within 3 days (one in the FFP group and two in the PCC group), and six after 
day 12 (one and fi ve). 43 serious adverse events (20 in the FFP group and 23 in the PCC group) occurred in 26 patients. 
Six serious adverse events were judged to be FFP related (four cases of haematoma expansion, one anaphylactic reaction, 
and one ischaemic stroke) and two PCC related (ischaemic stroke and pulmonary embolism).

Interpretation In patients with VKA-related intracranial hemorrhage, four-factor PCC might be superior to FFP with 
respect to normalising the INR, and faster INR normalisation seemed to be associated with smaller haematoma 
expansion. Although an eff ect of PCC on clinical outcomes remains to be shown, our data favour the use of PCC over 
FFP in intracranial haemorrhage related to VKA. 
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superiority of PCC regarding international normalised 
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intervention. In a retrospective international study in 
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terminated on Feb 6, 2015, after the inclusion of 50 patients 
after the second safety analysis on the request of the 
competent legal authority because of weak evidence of  
more pronounced haematoma expansion in the FFP than 
in the PCC group (fi gure 2). The DSMB had favoured 
continuation of the trial.

The mean age of patients was 75·6 years and 19 (38%) 
were women. Table 1 and the appendix list baseline 
values. Some baseline characteristics seemed to diff er 
between groups; haematoma volumes seemed to be 
higher and more haematomas seemed to be located in 
the brainstem and within the ventricles in the PCC 
group than in the FFP group. Recruitment of patients 
took place in six of eight centres (appendix). Two 
centres did not recruit because of a short timeframe 
between site initiation and study termination. One of 
these centres also had a change in the referral system 
such that patients were not able to be enrolled quick 
enough. 

Two (9%) of 23 patients in the FFP group and 18 (67%) 
of 27 in the PCC group had an INR of 1·2 or lower within 

3 h (adjusted odds ratio 30·6, 95% CI 4·7–197·9; 
p=0·0003; table 2). 

Haematoma expansion at 3 h was higher in the FFP 
than in the PCC group (adjusted diff erence 16·9 mL, 
95% CI 2·5–31·3; p=0·023; table 2). Death or haematoma 
expansion of at least 15% expansion from baseline at 3 h 
occurred in 16 (73%) of 22 patients in the FFP group and 
15 (58%) of 26 in the PCC group (adjusted odds ratio 2·0, 
95% CI 0·6–7·3; p=0·29). In three patients who died 
before 24 h, the highest haematoma value on previous 
cerebral CT was carried forward. At 24 h, the adjusted 
diff erence in haematoma expansion was 16·4 mL (95% CI 
2·9–29·9; p=0·018), and haematoma expansion of at least 
15% had occurred in 14 (70%) of 20 patients with cerebral 
CT available (reasons for missing values are reported in 
table 2), and 12 of 27 in the PCC group (all surviving to 
24 h; adjusted odds ratio 3·9, 95% CI 1·0–17·6; p=0·044).

At day 90, eight (35%) of 23 patients in the FFP group 
and fi ve (19%) of 27 in the PCC group had died (p=0·14; 
fi gure 3; table 2). Five deaths in the FFP group were 
due to haematoma expansion as assessed by local 

Fresh frozen plasma 
(n=23)

Prothrombin complex 
concentrate (n=27)

Treatment eff ect (95% CI) p value

Primary outcome

INR ≤1·2 within 3 h 2 (9%) 18 (67%) OR 30·6 (4·7 to 197·9)* 0·0003

Secondary clinical outcomes

Deaths at day 90 8 (35%) 5 (19%) No proportional hazard assumed 0·14†

Functional independence (mRS score 0–3)

At day 15 or discharge 7 (30%) 7 (26%) OR 2·3 (0·5 to 13·1)* 0·31

At day 90 9 (39%) 10 (37%) OR 1·7 (0·4 to 6·8)* 0·47

NIHSS score at day 15 or discharge 10·9 12·2 –1·9 (–8·3 to 4·4)‡ 0·53

Barthel index at day 90 52·5 (40·3) 70·0 (37·7) –16·0 (–44·9 to 12·8)‡ 0·27

Quality of life at day 90§ 8·21 9·25 –0·7 (–5·6 to 4·2)‡ 0·78

Extended Glasgow Outcome Scale at day 90 4·60 4·18 0·39 (–0·84 to 1·63)‡ 0·52

Secondary imaging outcomes

Time until INR ≤1·2 normalisation of INR (min) 1482 (1335–1610) 40 (30–1610) No proportional hazard assumed 0·050†

Imaging data at 3 h¶

Haematoma expansion (mL) 23·7 (28·4) 9·7 (20·9) 16·9 (2·5 to 31·3)‡ 0·023

≥15% growth|| 16/22 (73%)** 15/26 (58%)** OR 2·0 (0·6 to 7·3)* 0·29

≥33% growth|| 13/22 (59%)** 12 (44%)** OR 3·8 (1·1 to 16·0)* 0·048

Imaging data at 24 h

Haematoma expansion (mL) 22·1 (27·1) 8·3 (18·3) 16·4 (2·9 to 29·9)‡ 0·018

≥15% growth or death|| 14/20 (70%)†† 12/27 (44%) OR 3·9 (1·0 to 17·6)* 0·044

≥33% growth or death|| 12/20 (60%) †† 8/27 (30%) OR 4·8 (1·3 to 20·4)* 0·024

Secondary exploratory outcomes

Time from onset to baseline CCT (min) 202 (152) 199 (160) –6 (–98 to 90)‡ 0·90

Time from baseline CCT to start of treatment (min) 80 (33) 59 (20) 26 (13 to 39)‡ 0·0002

Duration of infusion (min) 129 (69) 34 (31) 103 (75 to 130)‡ <0·0001

Data are number, median (IQR), or mean (SD). INR=international normalised ratio. mRS=Modifi ed Rankin Scale. NIHSS=National Institute of Health Stroke Scale. OR=odds 
ratio. CCT=cerebral CT. *Obtained using logistic regression analysis including treatment group, baseline value of outcome and site as explanatory variables. †Log-rank test. 
‡Obtained using linear regression analysis including treatment group, baseline value of outcome and site as explanatory variables. §Assessed by EQ-5D self-report 
questionnaire. ¶Two cerebral CTs (one in each group) were not done at the 3 h timepoint. ||Change in mean volume between baseline and follow-up cerebral CT. **One 
patient in each group had no CT taken. ††Three patients in the fresh frozen plasma group were unavailable for analysis because of poor general condition, inability to 
undertake cerebral CT, or use of magnetic resonance tomography instead of cerebral CT. 

Table 2 : Outcomes

Articles

570 www.thelancet.com/neurology   Vol 15   May 2016

terminated on Feb 6, 2015, after the inclusion of 50 patients 
after the second safety analysis on the request of the 
competent legal authority because of weak evidence of  
more pronounced haematoma expansion in the FFP than 
in the PCC group (fi gure 2). The DSMB had favoured 
continuation of the trial.

The mean age of patients was 75·6 years and 19 (38%) 
were women. Table 1 and the appendix list baseline 
values. Some baseline characteristics seemed to diff er 
between groups; haematoma volumes seemed to be 
higher and more haematomas seemed to be located in 
the brainstem and within the ventricles in the PCC 
group than in the FFP group. Recruitment of patients 
took place in six of eight centres (appendix). Two 
centres did not recruit because of a short timeframe 
between site initiation and study termination. One of 
these centres also had a change in the referral system 
such that patients were not able to be enrolled quick 
enough. 

Two (9%) of 23 patients in the FFP group and 18 (67%) 
of 27 in the PCC group had an INR of 1·2 or lower within 

3 h (adjusted odds ratio 30·6, 95% CI 4·7–197·9; 
p=0·0003; table 2). 

Haematoma expansion at 3 h was higher in the FFP 
than in the PCC group (adjusted diff erence 16·9 mL, 
95% CI 2·5–31·3; p=0·023; table 2). Death or haematoma 
expansion of at least 15% expansion from baseline at 3 h 
occurred in 16 (73%) of 22 patients in the FFP group and 
15 (58%) of 26 in the PCC group (adjusted odds ratio 2·0, 
95% CI 0·6–7·3; p=0·29). In three patients who died 
before 24 h, the highest haematoma value on previous 
cerebral CT was carried forward. At 24 h, the adjusted 
diff erence in haematoma expansion was 16·4 mL (95% CI 
2·9–29·9; p=0·018), and haematoma expansion of at least 
15% had occurred in 14 (70%) of 20 patients with cerebral 
CT available (reasons for missing values are reported in 
table 2), and 12 of 27 in the PCC group (all surviving to 
24 h; adjusted odds ratio 3·9, 95% CI 1·0–17·6; p=0·044).

At day 90, eight (35%) of 23 patients in the FFP group 
and fi ve (19%) of 27 in the PCC group had died (p=0·14; 
fi gure 3; table 2). Five deaths in the FFP group were 
due to haematoma expansion as assessed by local 

Fresh frozen plasma 
(n=23)

Prothrombin complex 
concentrate (n=27)

Treatment eff ect (95% CI) p value

Primary outcome

INR ≤1·2 within 3 h 2 (9%) 18 (67%) OR 30·6 (4·7 to 197·9)* 0·0003

Secondary clinical outcomes

Deaths at day 90 8 (35%) 5 (19%) No proportional hazard assumed 0·14†

Functional independence (mRS score 0–3)

At day 15 or discharge 7 (30%) 7 (26%) OR 2·3 (0·5 to 13·1)* 0·31

At day 90 9 (39%) 10 (37%) OR 1·7 (0·4 to 6·8)* 0·47

NIHSS score at day 15 or discharge 10·9 12·2 –1·9 (–8·3 to 4·4)‡ 0·53

Barthel index at day 90 52·5 (40·3) 70·0 (37·7) –16·0 (–44·9 to 12·8)‡ 0·27

Quality of life at day 90§ 8·21 9·25 –0·7 (–5·6 to 4·2)‡ 0·78

Extended Glasgow Outcome Scale at day 90 4·60 4·18 0·39 (–0·84 to 1·63)‡ 0·52

Secondary imaging outcomes

Time until INR ≤1·2 normalisation of INR (min) 1482 (1335–1610) 40 (30–1610) No proportional hazard assumed 0·050†

Imaging data at 3 h¶

Haematoma expansion (mL) 23·7 (28·4) 9·7 (20·9) 16·9 (2·5 to 31·3)‡ 0·023

≥15% growth|| 16/22 (73%)** 15/26 (58%)** OR 2·0 (0·6 to 7·3)* 0·29

≥33% growth|| 13/22 (59%)** 12 (44%)** OR 3·8 (1·1 to 16·0)* 0·048

Imaging data at 24 h

Haematoma expansion (mL) 22·1 (27·1) 8·3 (18·3) 16·4 (2·9 to 29·9)‡ 0·018

≥15% growth or death|| 14/20 (70%)†† 12/27 (44%) OR 3·9 (1·0 to 17·6)* 0·044

≥33% growth or death|| 12/20 (60%) †† 8/27 (30%) OR 4·8 (1·3 to 20·4)* 0·024

Secondary exploratory outcomes

Time from onset to baseline CCT (min) 202 (152) 199 (160) –6 (–98 to 90)‡ 0·90

Time from baseline CCT to start of treatment (min) 80 (33) 59 (20) 26 (13 to 39)‡ 0·0002

Duration of infusion (min) 129 (69) 34 (31) 103 (75 to 130)‡ <0·0001

Data are number, median (IQR), or mean (SD). INR=international normalised ratio. mRS=Modifi ed Rankin Scale. NIHSS=National Institute of Health Stroke Scale. OR=odds 
ratio. CCT=cerebral CT. *Obtained using logistic regression analysis including treatment group, baseline value of outcome and site as explanatory variables. †Log-rank test. 
‡Obtained using linear regression analysis including treatment group, baseline value of outcome and site as explanatory variables. §Assessed by EQ-5D self-report 
questionnaire. ¶Two cerebral CTs (one in each group) were not done at the 3 h timepoint. ||Change in mean volume between baseline and follow-up cerebral CT. **One 
patient in each group had no CT taken. ††Three patients in the fresh frozen plasma group were unavailable for analysis because of poor general condition, inability to 
undertake cerebral CT, or use of magnetic resonance tomography instead of cerebral CT. 
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Abstract
Background The use of vitamin K antagonists is an

independent risk factor for the development of intracere-

bral hemorrhage (ICH). Four-factor prothrombin complex
concentrate (4F-PCC) is recommended for urgent reversal

of anticoagulation in this setting. The safety and efficacy of

4F-PCC in ICH with subtherapeutic levels of anticoagu-
lation is yet to be determined.

Methods This was a retrospective, observational study of

4F-PCC administration data from September 2013 to July
2015. Patients with spontaneous or traumatic ICH with

initial INR 1.4–1.9 were compared to those with INR

2–3.9. A Fisher’s exact test was used to compare the dif-
ference between the two groups in the effectiveness of 4F-

PCC in reversing the INR to B1.3 and in the occurrence of

thrombotic events within 7 days of administration.
Results A total of 131 patients with a presenting INR

between 1.4 and 3.9 received 4F-PCC during the study

period. Twenty-three of 29 patients (79 %) in the INR <2
group achieved an INR reduction to B1.3 after 4F-PCC

administration compared to 47 of 92 patients (51 %) in the
INR 2–4 group, p = 0.03. There was no difference in

thrombotic complications within 7 days after administration

(6.7 % in INR 1.4–1.9 group, 10 % in INR 2–3.9 group,
p = 0.73).

Conclusion The use of 4F-PCC in patients with INR

between 1.4 and 1.9 results in an effective reduction in INR
with similar thrombotic risks compared to patients pre-

senting with an INR of 2–3.9.

Keywords Prothrombin complex concentrates !
Cerebral hemorrhage ! Vitamin K antagonist !
Anticoagulants

Introduction

In both primary and secondary intracerebral hemorrhage

(ICH), vitamin K antagonist (VKA) therapy is an inde-
pendent risk factor associated with increased mortality and

hematoma expansion [1–7]. Hematoma expansion is asso-

ciated with neurologic deterioration as measured by
Glasgow Coma Scale (GCS) and the National Institute of

Health Stroke Scale [8]. While there is a clear and con-

sistent link between mortality and hematoma expansion in
ICH and VKA therapy, there is no proven pharmacologic

management that both decreases hematoma expansion and
improves mortality.

Current guidelines and consensus opinion support the use

of four-factor prothrombin complex concentrate (4F-PCC)
over fresh-frozen plasma (FFP) for urgent correction of

international normalized ratio (INR) in ICH [9–12]. How-

ever, it is lesswell-defined as towhat degree of INRelevation
requires the need for reversal or to what extent the INR

should be reversed. There is emerging data suggesting rapid

correction of INR to levels below 1.3 may have some ben-
eficial effects on hematoma expansion [13–15].
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Abstract
Background The use of vitamin K antagonists is an

independent risk factor for the development of intracere-

bral hemorrhage (ICH). Four-factor prothrombin complex
concentrate (4F-PCC) is recommended for urgent reversal

of anticoagulation in this setting. The safety and efficacy of

4F-PCC in ICH with subtherapeutic levels of anticoagu-
lation is yet to be determined.

Methods This was a retrospective, observational study of

4F-PCC administration data from September 2013 to July
2015. Patients with spontaneous or traumatic ICH with

initial INR 1.4–1.9 were compared to those with INR

2–3.9. A Fisher’s exact test was used to compare the dif-
ference between the two groups in the effectiveness of 4F-

PCC in reversing the INR to B1.3 and in the occurrence of

thrombotic events within 7 days of administration.
Results A total of 131 patients with a presenting INR

between 1.4 and 3.9 received 4F-PCC during the study

period. Twenty-three of 29 patients (79 %) in the INR <2
group achieved an INR reduction to B1.3 after 4F-PCC

administration compared to 47 of 92 patients (51 %) in the
INR 2–4 group, p = 0.03. There was no difference in

thrombotic complications within 7 days after administration

(6.7 % in INR 1.4–1.9 group, 10 % in INR 2–3.9 group,
p = 0.73).

Conclusion The use of 4F-PCC in patients with INR

between 1.4 and 1.9 results in an effective reduction in INR
with similar thrombotic risks compared to patients pre-

senting with an INR of 2–3.9.
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Fig. 2 Scatterplot of initial and
repeat INR values for individual
patients in the group with
presenting INR 1.4–1.9 and the
group with presenting INR of
2–3.9. INR international
normalized ratio

Table 2 INR and 4F-PCC

INR 1.4–1.9 (N = 29) INR 2–3.9 (N = 92) p value

Follow-up INR B1.3, N (%) 23 (79) 47 (51) 0.01

Follow-up INR >1.3 1.3 ± 0.1 1.4 ± 0.2 0.004

Time to follow-up INR after 4F-PCC administration, min 162, 91–408 173, 88–285 0.64

INR international normalized ratio, 4F-PCC four-factor prothrombin complex concentrate

Normally distributed data reported as mean ± standard deviation, non-normally distributed data reported as median, interquartile range

Table 3 Thrombotic events within 7 days and follow-up INR after 4F-PCC administration

INR 1.4–1.9 (N = 30) INR 2–3.9 (N = 101) p value

Definite thrombotic event within 7 days post 4F-PCC, N (%) 2 (6.7) 8 (8)a 1

Deep venous thromboembolism 1 (3.3) 5 (5) 1

Superficial thromboembolism 1 (3.3) 0 (0) n/a

Pulmonary embolism 0 (0) 1 (1) n/a

Myocardial infarction 0 (0) 2 (2) n/a

Ischemic stroke 0 (0) 1 (1) n/a

Probable thrombotic event within 7 days post 4F-PCC, N (%) 0 (0) 2 (2) n/a

Pulmonary embolism 0 (0) 1 (1)

Ischemic stroke 0 (0) 1 (1)

Definite and probable thrombotic events within 7 days post 4F-PCC, N (%) 2 (6.7) 10 (10)a 0.73

4F-PCC four-factor prothrombin complex concentrate
a One deep-vein thrombosis and one myocardial infarction occurred in the same patient in the INR 2–3.9 group
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79% 51%

RNI	1,4–1,9	vs	2,0–3,9
CCP	25	UI/kg

Taux	de	complications	
thromboemboliques

6,7%	vs	10%	
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MAIS…

• CRITÈRES	D’EXCLUSIONS
• HÉMATOME	SOUS-DURAL,	ÉPIDURAL
• HÉMORRAGIES	INFRATENTORIELLES
• HÉMORRAGIES	INTRAVENTRICULAIRES
• ÉVACUATION	HÉMATOME	PRÉVUE	<	24	HEURES

• ÉTAT	DE	CONSCENCE	GCS	14	vs	15
• TAILLE	MÉDIANE	DE	L’HÉMATOME	13	mL	vs	8	mL
• INHIBITEUR	ADP	7%	vs	2%
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Effet	significatif	de	transfusion	de	
PLT	(6	ou	12	unités)	

• Évolution	comparable	aux	patients	sans	
ASA	ou	résistants	à	ASA

• ↓	récidive	HIP	postop (14	vs	35%)
• ↓	volume	HIP	postop (35	vs	57	mL)	
• ↓	mortalité	(16	vs	34%)
• Amélioration	du	taux	AVQ	à	6	mois	de	15%
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ACETYLSALICYLIC acid (aspirin) is a widely used 
drug that can inhibit the aggregation of platelets. 
When used for the secondary prevention of car-

diocerebrovascular disease, treatment with ASA yields 
a greater absolute reduction in serious vascular events, 
with a nonsignificant increase in hemorrhagic stroke 
but reductions of about one-fifth in the total number of 
strokes and coronary events.1 Unfortunately, in patients 
with acute hypertensive basal ganglia hemorrhage after 
craniotomy for hematoma removal, ASA may increase 
the possibility of postoperative hemorrhage, as well as 

the disability rate and the mortality rate. The transfusion 
of both fresh and previously frozen apheresis platelets 
may decrease the possibility of postoperative hemor-
rhage, as well as lower the disability and mortality rates, 
and it has been proven that there is no significant differ-
ence between the effects of the two preparations.17 How-
ever, the size of the therapeutic doses of platelets used in 
the study described were large and the indications were 
not clear. There are also patients who are resistant or only 
semiresponsive to ASA.

To examine the effects of ASA on postoperative hem-
orrhage following craniotomy and the usefulness of trans-
fusion of apheresis platelets, we performed a prospective 
study. The study included 780 patients with acute hyper-

Effect of acetylsalicylic acid usage and platelet transfusion 
on postoperative hemorrhage and activities of daily living in 
patients with acute intracerebral hemorrhage

Clinical article
XIAOWEI LI, M.S., ZHAOSHENG SUN, B.M., WANGMIAO ZHAO, M.S., JINRONG ZHANG, 
JIANCHAO CHEN, B.M., YONGQIAN LI, B.M., YANQIAO YE, B.M., JINLIAN ZHAO, B.M., 
XUEHUI YANG, M.S., YI XIANG, M.S., GUANGJIE LI, B.M., JIANHUI MAO, M.S., 
WENCHAO ZHANG, M.S., MINGZHE ZHANG, B.M., AND WANZENG ZHANG, M.S.
Department of Neurosurgery, Harrison International Peace Hospital attached to Hebei Medical University, 
Hengshui City, Hebei Province, People’s Republic of China

Object. The authors evaluated the effects of acetylsalicylic acid (ASA) usage and transfusion of previously frozen 
apheresis platelets on postoperative hemorrhage, activities of daily living (ADL) score, and mortality rate in patients 
with acute hypertensive basal ganglia hemorrhage undergoing craniotomy.

Methods. This was a prospective, double-blind, parallel, randomized controlled trial in patients with acute hy-
pertensive basal ganglia hemorrhage, who had either not received ASA therapy (control) or received ASA therapy. 
The patients who received ASA therapy were divided according to the results of a platelet aggregation test into 
ASA-resistant, ASA-semiresponsive, and ASA-sensitive groups. All patients required an emergency craniotomy for 
hematoma removal after hospitalization. The patients who were sensitive to ASA were randomized to receive one of 
the following transfusion regimens of previously frozen apheresis platelets: no transfusion, 1 therapeutic dose before 
surgery, or 2 therapeutic doses (1 before surgery and 1 after 24 hours of hospitalization). The postoperative hemor-
rhage rate and the average postoperative hemorrhage volume were recorded and the ADL scores and mortality rate 
were measured during a 6-month follow-up period. 

Results. The rate of postoperative hemorrhage, average postoperative hemorrhage volume, and mortality rate 
were significantly higher in the ASA-sensitive patients who received ASA therapy compared with patients who did 
not receive ASA therapy (all p < 0.005). The ADL scores were grouped into different grades and the number of cases 
in the lower grades was higher and the overall scores were poorer in patients who received ASA therapy compared 
with those who did not (all p < 0.005). After transfusion of previously frozen apheresis platelets, the postoperative 
hemorrhage rate, average postoperative hemorrhage volume, and mortality rate of the ASA-sensitive patients were 
significantly lowered (all p < 0.005), and the ADL scores and their classification level were better than those of pa-
tients who did not undergo transfusion (all p < 0.005).

Conclusions. Transfusion of previously frozen apheresis platelets reduces the rate of postoperative hemorrhage, 
average postoperative hemorrhage volume, disability rate, and mortality rate in ASA-sensitive patients with acute 
hypertensive basal ganglia hemorrhage undergoing craniotomy.
(http://thejns.org/doi/abs/10.3171/2012.9.JNS112286)

KEY WORDS      •      acute hypertensive basal ganglia hemorrhage      •      craniotomy      • 
hematoma      •      postoperative hemorrhage      •      frozen apheresis platelets      • 
acetylsalicylic acid      •      sensitivity      •      vascular disorders

Abbreviations used in this paper: ADL = activities of daily living; 
ASA = acetylsalicylic acid.

X. Li et al.
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28.22–43.00); Group D, 37.30 ± 21.771 cm3 (95% CI 
28.68–45.91); Group E, 57.35 ± 18.898 cm3 (95% CI 
51.87–62.84). The total number of deaths in all 5 groups 
was 143 (18.333%) of 780 patients. In Group A there were 
40 deaths (14.337%), in Group B 22 deaths (16.296%), 
in Group C 19 deaths (15.574%), in Group D 20 deaths 
(16.393%), and in Group E 42 deaths (34.426%). For the 
ADL scores, the numbers of patients in the different 
grades in each group are shown in Table 4 and Fig. 3. The 
mean ADL scores for each group were as follows: Group 
A, 65.63 ± 27.294 (95% CI 62.15–69.11); Group B, 64.78 
± 27.061 (95% CI 59.73–69.82); Group C, 66.60 ± 24.617 
(95% CI 61.79–71.41); Group D, 64.26 ± 25.894 (95% CI 

59.18–69.35); Group E, 50.50 ± 29.474 (95% CI 43.94–
57.06). There were significant differences among the 5 
groups in postoperative hemorrhage rate, average volume 
of postoperative hemorrhage, mortality rate, ADL scores 
and the number of cases in each ADL grades in each 
group (chi-square test 21.754, F = 9.390, chi-square test 
25.380, F = 5.470, H = 19.596, respectively; all p = 0.000) 
(Table 5).

Outcomes
The primary outcome of the study was that the post-

operative hemorrhage rate and the average postoperative 

Fig. 1. Flow of participants through the trial.
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fresh frozen plasma (FFP) to patients with VKA-associ-
ated intracranial hemorrhage and INR greater than or 
equal to 1.4 (Strong recommendation, moderate quality 
evidence).

  a.  We suggest the use of four-factor PCC over three-fac-
tor PCC (Conditional recommendation, low quality 
evidence).

  b.  We suggest initial reversal with PCC alone (either 
three- or four-factor) rather combined with FFP or 
recombinant factor VIIa (rFVIIa) (Conditional recom-
mendation, low quality evidence).

  c.  We recommend that PCC dosing should be weight based 
and vary according to admission INR and type of PCC used 
(Strong recommendation, moderate quality evidence).

TABLE 2. Summary of Recommendations for Reversal of Antithrombotic Agents in Patients 
With Intracranial Hemorrhage

Antithrombotic Reversal Agent

Vitamin K antagonists If INR ≥ 1.4:

vitamin K 10 mg IV, plus 3- or 4-factor PCC IV (dosing based on weight, INR, and PCC type) or 
fresh frozen plasma 10–15 mL/kg IV if PCC not available

Direct factor Xa inhibitors Activated charcoal (50 g) within 2 hr of ingestion, activated PCC (FEIBA) 50 U/kg IV or 4-factor 
PCC 50 U/kg IV

DTIs For dabigatran reversal:

Activated charcoal (50 g) within 2 hr of ingestion, and idarucizumab 5 g IV (in two 2.5 g/50 mL vials)

Consider hemodialysis or idarucizumab redosing for refractory bleeding after initial administration

For other DTIs:

Activated PCC (FEIBA) 50 U/kg IV or

4-factor PCC 50 U/kg IV

Unfractionated heparin Protamine 1 mg IV for every 100 units of heparin administered in the previous 2–3 hr (up to 50 mg 
in a single dose)

LMWHs Enoxaparin:

Dosed within 8 hr: protamine 1 mg IV per 1 mg enoxaparin (up to 50 mg in a single dose)

Dosed within 8–12 hr: protamine 0.5 mg IV per 1 mg enoxaparin (up to 50 mg in a single dose)

Minimal utility in reversal > 12 hr from dosing

Dalteparin, nadroparin, and tinzaparin:

Dosed within 3–5 half-lives of LMWH: protamine 1 mg IV per 100 anti-Xa units of LMWH  
(up to 50 mg in a single dose) or

rFVIIa 90 μg/kg IV if protamine is contraindicated

Danaparoid rFVIIa 90 μg/kg IV

Pentasaccharides Activated PCC (FEIBA) 20 U/kg IV or rFVIIa 90 μg/kg IV

Thrombolytic agents 
(plasminogen activators)

Cryoprecipitate 10 units IV or antifibrinolytics (tranexamic acid 10–15 mg/kg IV over 20 min or ε- 
aminocaproic acid 4–5 g IV) if cryoprecipitate is contraindicated

Antiplatelet agents Desmopressin 0.4 μg/kg IV × 1

If neurosurgical intervention: platelet transfusion (one apheresis unit)

DTI = direct thrombin inhibitor, FEIBA = factor eight inhibitor bypassing activity, INR = international normalized ratio, LMWH = low molecular weight heparin, 
PCC = prothrombin complex concentrates, rFVIIa = recombinant factor VIIa.

life threatening bleeding in patients taking factor-Xa inhi-

bitors. Studies have shown the intravenous administration
of a bolus of andexanet, followed by 2 h of continuous

infusion, restores endogenous factor-Xa function with

effective hemostasis in patients with acute major bleeding
receiving oral factor-Xa inhibitors [40, 41].

Recombinant activated factor VII (rFVIIa) was shown to

decrease hematoma growth in non-coagulopathic ICH
patients, however no improvement in mortality was

demonstrated in a large randomized trial so it is not rec-
ommended in this patient population [42]. The NCS,

CHEST and AHA/ASA do not recommend rFVIIa for

warfarin reversal although its use to supplement 3-factor
PCC in patients with life threatening bleeding on warfarin

may be considered [24, 43–45]. The dose of rFVIIa is not

well established and generally lower doses (10–20 mcg/kg)

are preferred due to risk of thrombosis with higher doses.
The duration of INR correction is dose dependent, tran-

sient, and does not reflect efficacy. Furthermore, there may

be an increased risk of thrombotic complications with the
use of rFVIIa and this risk may be increased with con-

comitant use of PCC although not well established.

Platelet transfusions are used commonly for both pro-
phylactic and therapeutic reversal of antiplatelet therapy in

patients taking an antiplatelet agent (Aspirin, clopidogrel,
prasugrel, ticagrelor) with acute neurologic injury.

Although a paucity in the literature still exists in regards to

administration of platelets for an emergent neurosurgical
procedure or in patients after TBI or aSAH, recent findings

from the PATCH trail demonstrate worse outcomes in

Table 5 Reversal of vitamin K antagonist

INR Clinical setting Treatment options

Vitamin K antagonist reversal

<4.5 No bleeding Hold warfarin until INR in therapeutic range

Rapid reversal required (<24 h) Hold warfarin

Vitamin K 2.5 mg PO

If urgent reversal needed (B12 h) for procedure consider 4PCC 25 IU/kg IV or rFVIIa 1 mg IV

4.5–10 No bleeding Hold warfarin until INR in therapeutic range

Consider vitamin K 2.5 mg PO if risk factors for bleedinga

Rapid reversal required (<24 h) Hold warfarin

Give vitamin K 5 mg PO

If urgent reversal needed (B12 h) for procedure consider 4PCC 35 IU/kg IV or rFVIIa 1 mg IV

>10 No bleeding Hold warfarin until INR in therapeutic range

Give vitamin K 2.5–5 mg PO or 1–2 mg IVa

Repeat every 24 h as necessary

Rapid reversal required (<24 h) Hold warfarin

Give vitamin K 1–2 mg IV

Repeat every 6–24 h as necessary

If urgent reversal needed (B12 h) for procedure consider 4PCC 50 IU/kg IV or rFVIIa 1 mg IV

ANY
INR

Serious or life threatening
bleeding

Hold warfarin

Give vitamin K 10 mg IV over 30 min

If patient volume overloaded give PCC

Recheck INR 30 min after PCC administeredb

If volume resuscitation needed give 15–20 ml/kg FFP

Recheck INR after FFP administered

b Consider second dose of PCC if INR still elevated and patient still bleeding

Neurocrit Care (2017) 27:S51–S73 S59
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Table 2 Pharmacokinetic parameters for selected anticoagulants and antiplatelet agents [161, 423]

Medication Mechanism of action Elimination Half-life Impairment
affects
excretion

Dialyzable

Renal Hepatic

Vitamin K antagonists

Warfarin Inhibits

vitamin K-dependent c-carboxylation of
coagulation factors II, VII, IX, and X, reducing
activity of clotting factors

Hepatic
metabolism;
92 % renal
elimination

20–60 h Yes Yes No

Direct factor Xa inhibitors

Rivaroxaban Prevents factor Xa-mediated conversion of
prothrombin to thrombin

66 % renal;
28 % fecal

5 h Yes Yes No

Apixaban Prevents factor Xa-mediated conversion of
prothrombin to thrombin

majority fecal;
27 % renal

12 h Yes Yes Minimal, area under
the curve
decreased by
14 % over 4 h

Edoxaban Prevents factor Xa-mediated conversion of
prothrombin to thrombin

50 % renal 10–14 h Yes Yes No

Direct thrombin inhibitors

Dabigatran Competitive direct inhibition of thrombin

(factor IIa) including thrombin-mediated
platelet activation and aggregation

>80 % renal 12–17 h

16.6 h in mild,
18.7 h in moderate,

27.5 h in severe
renal failure,

34.1 h in patients on
hemodialysis

Yes No Yes

*57 % over 4 h

Argatroban Reversible direct inhibition of thrombin

(factor IIa) including thrombin-mediated
platelet activation and aggregation

0 % renal 39–51 min No Yes Yes

*20 % over 4 h

Bivalirudin Reversible direct inhibition of thrombin

(factor IIa) including thrombin-mediated
platelet activation and aggregation

20 % renal 25 min;

GFR 30-59 34 min

GFR 10–29, 57 min

Yes No Yes

*25 % over 4 h

Desirudin Irreversible direct inhibition of thrombin

(factor IIa) including thrombin-mediated
platelet activation and aggregation

40–50 % renal 2 h;

With renal
impairment 12 h

Yes No Yes

Lepirudin Irreversible direct inhibition of thrombin

(factor IIa) including thrombin-mediated
platelet activation and aggregation

90 % renal 1.3 h;

With renal
impairment 2 days

Yes Yes Yes

Unfractionated Heparin, LMWHs, and Heparinoids

Heparin Binds and activates antithrombin (which
blocks coagulation factors Xa and IIa). By
inactivating thrombin, heparin prevents fibrin
formation.

Renal 60–90 min No No No

Enoxaparin Binds and activates antithrombin (which
blocks coagulation factors Xa and IIa)

40 % Renal 4.5 h Yes No No

Dalteparin Binds and activates antithrombin (which
blocks coagulation factors Xa and IIa)

Renal 2.5 h;

3.7–7.7 h with renal
insufficiency

Yes No No

Nadroparin Binds and activates antithrombin (which
blocks coagulation factors Xa and IIa)

Renal 3.5 h Yes No No

Tinzaparin Binds and activates antithrombin (which
blocks coagulation factors Xa and IIa)

Renal 3.4 h Yes No No

Neurocrit Care (2016) 24:6–46 9

123

Brophy et	al.	Neurocrit Care	2017
Frontera	et	al.	Crit Care	Med	2016	
Frontera	et	al.	Neurocrit Care	2016



MMD	6513	– Anesthésie	et	système	nerveux	
Antoine	Halwagi,	MD	FRCPC

Acide	tranexamique

• TICH-2	(Sprigg et	al.	Lancet	2018)
• RCT	multicentrique	(124	hôpitaux,	12	pays)	– 2325	patients	
• TxA 1g	IV	bolus	+	1g	IV	en	8h	(tx <	8	hrs)
• Volume	médian	HIP	14	mL

• Résultats
• Pas	de	changement	significatif	de	l’évolution	neurologique	à	90	jrs	(mRS)
• Secondaires…

• Réduction	de	mortalité	précoce	(<	7	jrs):	9	vs	11%	(idem	à	90	jrs)
• Réduction	de	progression	d’hématome:	25	vs	29%	
• Réduction	de	volume	d’hématome:		1.37	mL

• Sous	groupes…
• PAsyst <	170	mmHg (marqueur	de	saignement	moins	sévère?)
• HIP	modérée	entre	30-60	mL

• Sécuritaire!
• Moins	d’effets	secondaires	que	placébo
• TVP,	thromboses	artérielles,	convulsions	idem	

• Manque	de	puissance?	Effet	minime	si	présent…

Articles

www.thelancet.com   Published online May 16, 2018   http://dx.doi.org/10.1016/S0140-6736(18)31033-X 1

Tranexamic acid for hyperacute primary IntraCerebral 
Haemorrhage (TICH-2): an international randomised, 
placebo-controlled, phase 3 superiority trial
Nikola Sprigg, Katie Flaherty, Jason P Appleton, Rustam Al-Shahi Salman, Daniel Bereczki, Maia Beridze, Hanne Christensen, Alfonso Ciccone, 
Ronan Collins, Anna Czlonkowska, Robert A Dineen, Lelia Duley, Juan Jose Egea-Guerrero, Timothy J England, Kailash Krishnan, 
Ann Charlotte Laska, Zhe Kang Law, Serefnur Ozturk, Stuart J Pocock, Ian Roberts, Thompson G Robinson, Christine Roffe, David Seiffge, 
Polly Scutt, Jegan Thanabalan, David Werring, David Whynes, Philip M Bath, for the TICH-2 Investigators*

Summary
Background Tranexamic acid can prevent death due to bleeding after trauma and post-partum haemorrhage. We 
aimed to assess whether tranexamic acid reduces haematoma expansion and improves outcome in adults with stroke 
due to intracerebral haemorrhage.

Methods We did an international, randomised placebo-controlled trial in adults with intracerebral haemorrhage from 
acute stroke units at 124 hospital sites in 12 countries. Participants were randomly assigned (1:1) to receive 1 g 
intravenous tranexamic acid bolus followed by an 8 h infusion of 1 g tranexamic acid or a matching placebo, within 
8 h of symptom onset. Randomisation was done centrally in real time via a secure website, with stratification by 
country and minimisation on key prognostic factors. Treatment allocation was concealed from patients, outcome 
assessors, and all other health-care workers involved in the trial. The primary outcome was functional status at day 90, 
measured by shift in the modified Rankin Scale, using ordinal logistic regression with adjustment for stratification 
and minimisation criteria. All analyses were done on an intention-to-treat basis. This trial is registered with the 
ISRCTN registry, number ISRCTN93732214.

Findings We recruited 2325 participants between March 1, 2013, and Sept 30, 2017. 1161 patients received tranexamic 
acid and 1164 received placebo; the treatment groups were well balanced at baseline. The primary outcome was 
assessed for 2307 (99%) participants. The primary outcome, functional status at day 90, did not differ significantly 
between the groups (adjusted odds ratio [aOR] 0·88, 95% CI 0·76–1·03, p=0·11). Although there were fewer deaths 
by day 7 in the tranexamic acid group (101 [9%] deaths in the tranexamic acid group vs 123 [11%] deaths in the placebo 
group; aOR 0·73, 0·53–0·99, p=0·0406), there was no difference in case fatality at 90 days (250 [22%] vs 249 [21%]; 
adjusted hazard ratio 0·92, 95% CI 0·77–1·10, p=0·37). Fewer patients had serious adverse events after tranexamic 
acid than after placebo by days 2 (379 [33%] patients vs 417 [36%] patients), 7 (456 [39%] vs 497 [43%]), and 90 (521 [45%] 
vs 556 [48%]).

Interpretation Functional status 90 days after intracerebral haemorrhage did not differ significantly between patients 
who received tranexamic acid and those who received placebo, despite a reduction in early deaths and serious adverse 
events. Larger randomised trials are needed to confirm or refute a clinically significant treatment effect.

Funding National Institute of Health Research Health Technology Assessment Programme and Swiss Heart 
Foundation.

Copyright © 2018 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Spontaneous (non-traumatic) intracerebral haemorrhage 
is the cause of up to 20% of all strokes, yet accounts for 
nearly half of all stroke deaths worldwide. Survival after 
intracerebral haemorrhage has not changed for several 
decades,1 and the only intervention that improves 
functional outcome is early intensive blood pressure 
lowering.2

Around a quarter of intracerebral haemorrhages are 
complicated by haematoma expansion, which most often 
occurs within the first few hours, but can occur at up to 

24 h, and is associated with poor outcomes.3–5 Radiological 
markers, including the CT angio graphy (CTA) spot sign, 
have been used to try to predict which patients are at 
greater risk of haematoma ex pansion.6 Drug therapies 
aimed at limiting haematoma expansion include 
recombinant factor VII, but a meta-analysis of this and 
other haemostatic therapies found no benefit on 
functional outcome.7

In patients with traumatic haemorrhage (including 
from head injuries), tranexamic acid, an antifibrinolytic 
drug, significantly reduces death due to bleeding and 
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Facteur	VIIa

• RCT	69	patients	(CAN/USA)	– fusion	2	études
• HIC	spontanée,	non-traumatique,	non-associée	à	anticoagulants	

• Exclusion	si	évacuation	chirurgicale	prévue
• rFVIIa 80	mcg/kg	vs	placebo	<	6-6.5	hrs depuis	début	des	sx
• HIP	16-20	mL,	délai	161-195	min

• Aucun	effet	sur	progression	d’hématome
• Aucun	effet	sur	évolution	neurologique
• Pas	plus	d’effets	secondaires

• Bénéfice	si	administration	précoce	(<	3h)?		

Effect of Recombinant Activated Coagulation Factor VII
on Hemorrhage Expansion Among Patients
With Spot Sign–Positive Acute Intracerebral Hemorrhage
The SPOTLIGHT and STOP-IT Randomized Clinical Trials
David J. Gladstone, MD, PhD, FRCPC; Richard I. Aviv, MD; Andrew M. Demchuk, MD; Michael D. Hill, MD; Kevin E. Thorpe, MMath; Jane C. Khoury, PhD;
Heidi J. Sucharew, PhD; Fahad Al-Ajlan, MD; Ken Butcher, MD, PhD; Dar Dowlatshahi, MD, PhD; Gord Gubitz, MD; Stephanie De Masi, BSc;
Judith Hall, MSc; David Gregg, MD; Muhammad Mamdani, PharmD; Michel Shamy, MD; Richard H. Swartz, MD, PhD; C. Martin del Campo, MD;
Brett Cucchiara, MD; Peter Panagos, MD; Joshua N. Goldstein, MD; Janice Carrozzella, MSN; Edward C. Jauch, MD; Joseph P. Broderick, MD;
Matthew L. Flaherty, MD; for the SPOTLIGHT and STOP-IT Investigators and Coordinators

IMPORTANCE Intracerebral hemorrhage (ICH) is a devastating stroke type that lacks effective
treatments. An imaging biomarker of ICH expansion—the computed tomography (CT)
angiography spot sign—may identify a subgroup that could benefit from hemostatic therapy.

OBJECTIVE To investigate whether recombinant activated coagulation factor VII (rFVIIa)
reduces hemorrhage expansion among patients with spot sign–positive ICH.

DESIGN, SETTING, AND PARTICIPANTS In parallel investigator-initiated, multicenter,
double-blind, placebo-controlled randomized clinical trials in Canada (“Spot Sign” Selection of
Intracerebral Hemorrhage to Guide Hemostatic Therapy [SPOTLIGHT]) and the United States
(The Spot Sign for Predicting and Treating ICH Growth Study [STOP-IT]) with harmonized
protocols and a preplanned individual patient–level pooled analysis, patients presenting to
the emergency department with an acute primary spontaneous ICH and a spot sign on CT
angiography were recruited. Data were collected from November 2010 to May 2016. Data
were analyzed from November 2016 to May 2017.

INTERVENTIONS Eligible patients were randomly assigned 80 μg/kg of intravenous rFVIIa or
placebo as soon as possible within 6.5 hours of stroke onset.

MAIN OUTCOMES AND MEASURES Head CT at 24 hours assessed parenchymal ICH volume
expansion from baseline (primary outcome) and total (ie, parenchymal plus intraventricular)
hemorrhage volume expansion (secondary outcome). The pooled analysis compared
hemorrhage expansion between groups by analyzing 24-hour volumes in a linear regression
model adjusted for baseline volumes, time from stroke onset to treatment, and trial.

RESULTS Of the 69 included patients, 35 (51%) were male, and the median (interquartile
range [IQR]) age was 70 (59-80) years. Baseline median (IQR) ICH volumes were 16.3
(9.6-39.2) mL in the rFVIIa group and 20.4 (8.6-32.6) mL in the placebo group. Median (IQR)
time from CT to treatment was 71 (57-96) minutes, and the median (IQR) time from stroke
onset to treatment was 178 (138-197) minutes. The median (IQR) increase in ICH volume from
baseline to 24 hours was small in both the rFVIIa group (2.5 [0-10.2] mL) and placebo group
(2.6 [0-6.6] mL). After adjustment, there was no difference between groups on measures of
ICH or total hemorrhage expansion. At 90 days, 9 of 30 patients in the rFVIIa group and 13 of
34 in the placebo group had died or were severely disabled (P = .60).

CONCLUSIONS AND RELEVANCE Among patients with spot sign–positive ICH treated a median
of about 3 hours from stroke onset, rFVIIa did not significantly improve radiographic or
clinical outcomes.

TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT01359202 and NCT00810888

JAMA Neurol. 2019;76(12):1493-1501. doi:10.1001/jamaneurol.2019.2636
Published online August 19, 2019.
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onset to treatment, and trial. The adjusted treatment effect was
estimated to reduce final ICH volume by 1.8% (95% CI, 27%
reduction to 23% increase) (eTable 2 in Supplement 3). Simi-
lar findings were observed for the secondary outcome of 24-
hour total (parenchymal hemorrhage plus IVH) hemorrhage
volume in the adjusted model, where the adjusted treatment
effect was estimated to reduce total hemorrhage volume by
1.5% (95% CI, 27% reduction to 24% increase) (eTable 2 in
Supplement 3).

Figure 2 plots the individual patient changes in ICH vol-
ume in relation to time from stroke onset to baseline CT.
Figure 3 shows the expected relationship between baseline ICH
volume and final ICH volume; there is no significant between-
group difference.

In an exploratory subgroup analysis of 36 patients who re-
ceived the study drug within 3 hours from onset, the median
(IQR) ICH volume change from baseline to 24 hours was 0.9
(−0.02 to 6.2) mL in the rFVIIa group and 4.3 (0.5-12.4) mL in
the placebo group. The median (IQR) total hemorrhage
volume change was 1.6 (0-11.2) mL for the rFVIIa group and
4.9 (0.9-12.4) mL for the placebo group.

The eFigure in Supplement 3 shows the distribution of mRS
scores at 90 days. There was no treatment effect on 90-day mRS
score, with 9 of 30 patients in the rFVIIa group (30%) and 13
of 34 in the placebo group (38%) scoring 5 to 6 (P = .60). Ninety-
day mortality was 20% (6 of 30) in the rFVIIa group and 21%
(7 of 34) in the placebo group (P = .98).

There was agreement on the presence of a spot sign
between enrolling investigators and the blinded study neuro-
radiologist in 64 of 69 patients (93%; 5 patients had spot sign–
negative ICH according to the neuroradiologist). A per-
protocol analysis excluding these 5 patients did not
significantly alter the results for the primary or secondary
outcomes.

There were no significant safety concerns (eTable 3 in
Supplement 3). The composite outcome of myocardial
infarction, ischemic stroke, or pulmonary embolism within
4 days occurred in 2 of 32 patients (6%) in the rFVIIa group
and 4 of 37 patients (11%) in the placebo group (P = .68).
There were no cases of ST-elevation myocardial infarction, deep
vein thrombosis, or pulmonary embolism within 4 days.

Non–ST-elevation myocardial ischemia or infarction within 4
days occurred in 1 of 32 patients (3%) in the rFVIIa group and
3 of 37 patients (8%) in the placebo group (P = .62), and none
were clinically significant; 3 of these patients died of the in-
dex ICH. The incidence of isolated troponin elevation within
4 days was 9 of 32 patients (28%) in the rFVIIa group and 10
of 37 patients (27%) in the placebo group (P = .92); most were
mild (only 8 of 69 patients [12%] had troponin levels greater
than 0.1 ng/mL [to convert to micrograms per liter, multiply
by 1]). There was 1 asymptomatic cerebral infarct on brain mag-
netic resonance imaging in the rFVIIa group and 1 ischemic
stroke in the placebo group within 4 days. There were 3 cases
of asymptomatic diffusion-weighted imaging–positive brain
magnetic resonance imaging lesions of uncertain significance21

within the first 7 days (1 patient in the rFVIIa group and 2 pa-
tients in the placebo group).

Discussion
We used an imaging biomarker, the CT angiography spot sign,
to target hemostatic therapy for patients with acute ICH. Our
trials were designed on the premise that image-guided pa-
tient selection could identify a subgroup of patients with ICH
who may derive greater benefit from rFVIIa than previous trials
that did not assess spot sign status. However, in patients who
had a spot sign on CT angiography and were treated within 6.5
hours from stroke onset, we found no benefit of rFVIIa on fi-
nal hemorrhage volumes (adjusted for baseline volumes) or on
clinical outcomes. Our findings reinforce the high morbidity
of ICH and provide lessons for future treatment trials.

The neutral results likely relate to several factors: (1)
limitations of the spot sign, (2) long times from stroke onset
to CT angiography, (3) long times from stroke onset to treat-
ment, (4) restrictive eligibility criteria, and (5) underpowered
statistical analysis. We had anticipated that image-guided
treatment, a strategy successful in ischemic stroke, could be
effective for ICH. Our trials were predicated on the notion
that the presence of a spot sign would be associated with sig-
nificant ongoing ICH expansion. However, in contrast to
observational studies, the spot sign was a poor predictor of

Table 2. Radiographic Outcomes

Outcome

Median (IQR)

P ValuearFVIIa (n = 32) Placebo (n = 37)
Primary outcome

ICH volume expansion from baseline to 24 h, mL 2.5 (0 to 10.2) 2.6 (0 to 6.6) .89

Secondary outcome

ICH plus IVH volume expansion from baseline to 24 h, mL 3.2 (0.1 to 11.5) 4.8 (0 to 7.2) .91

Additional radiographic outcomes

ICH volume at 24 h, mL 22.0 (10.0 to 53.0) 29.0 (14.0 to 52.0) .89

IVH present at 24 h, No. (%) 17 (53) 20 (54) .94b

IVH volume at 24 h, mL 10.2 (5.3 to 14.9) 7.1 (2.1 to 14.2) .18

IVH volume expansion from baseline to 24 h, mL −0.2 (−1.2 to 1.6) 1.0 (0 to 4.4) .18

ICH plus IVH volume at 24 h, mL 25.7 (18.5 to 55.5) 31.0 (15.9 to 59.6) .91

ICH volume expansion >6 mL or >33% from baseline
to 24 h, No. (%)

13 (41) 16 (43) .83b

Abbreviations: ICH, intracerebral
hemorrhage; IQR, interquartile range;
IVH, intraventricular hemorrhage;
rFVIIa, recombinant activated
coagulation factor VII.
a P value for the between-group

comparison is from the linear
regression model with
log-transformed hemorrhage
volume, adjusted for baseline
hemorrhage volume, time from
stroke onset to treatment, and trial.

b P value for the between-group
comparison is from the χ2 test.
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Intervention	chirurgicale

• Hématome	supratentoriel:	chirurgie	précoce	vs	traitement	conservateur
• STICH

• RCT	multicentrique	internationale,	1033	patients,	équipoise par	NCHx
• Délai	entre	sx et	chirurgie	≈	30	heures,	taille	HIP	40	mL
• Pas	de	différence	a/n	évolution	neurologique	favorable	à	6	mois
• Bénéfice	dans	sous-groupe	d’HIP	superficielle?

• STICH	II	
• RCT	multicentrique	internationale,	597	patients,	
• Délai	entre	sx et	chirurgie	≈	26	heures,	taille	HIP	38	mL
• Pas	de	différence	a/n	évolution	neurologique	favorable	à	6	mois
• Tendance	de	réduction	de	mortalité	si	chirurgie	précoce	(18	vs	24%	p	=	0.091

• Craniectomie	décompressive	en	HIP	(SWITCH)	(NCT01295151)
• HIP	profonde	(NCG/thalamus)	volumineuse	(30-100	mL)
• Chirurgie	précoce	ad	72	hrs après	début	des	sx

Mendelow et	al.	Lancet	2005
Mendelow et	al.	Lancet	2013
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Intervention	chirurgicale

• Chirurgie	minimalement	invasive	
• MISTIE	III:	Hanley	et	al.	Lancet	2019

• Étude	randomisée,	devis	ouvert,	multicentrique	internationale,	506	patients
• HIP	≥	30	mL (≈42	mL)	è évacuation	d’hématome	par	CMI	(cathéter	+	thrombolyse)	vs	tx standard

• Objectif	MISTIE	=	réduire	taille	de	l’HIP	≤	15	mL
• Réduction	significative	de	taille	moyenne	d’HIP	(13	vs	44	mL)	
• Seulement	58%	des	patients	avaient	HIP	≤	15	mL en	fin	d’intervention
• Pas	d’amélioration	d’évolution	vers	autonomie	(mRS <	3)	avec	MISTIE
• Possible	réduction	de	mortalité

• Fosse	postérieure
• Méta-analyse	données	individuelles	de	4	études	observationnelles	(Kuramatsu et	al.	JAMA	2019)
• Évacuation	HIP	cérébelleux	vs	traitement	conservateur	
• Évacuation	chirurgicale	pas	associée	à	meilleure	évolution	fonctionnelle	(mRS ≤	3)	à	3	mois
• Amélioration	de	survie	à	3	mois	(78	vs	61%)
• Bénéfices	lorsque	volume	HIP	≥	15	mL
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Intervention	chirurgicale
Surgical	Treatment	of	ICH:	Recommendations	

1. Patients	with	cerebellar	hemorrhage	who	are	deteriorating	neurologically	or	who	have	
brainstem	compression	and/or	hydrocephalus from	ventricular	obstruction	should	undergo	
surgical	removal	of	the	hemorrhage	as	soon	as	possible	(Class	I;	Level	of	Evidence	B).	Initial	
treatment	of	these	patients	with	ventricular	drainage	rather	than	surgical	evacuation	is	not	
recommended	(Class	III;	Level	of	Evidence	C).	

2. For	most	patients	with	supratentorial ICH,	the	usefulness	of	surgery	is	not	well	established
(Class	IIb;	Level	of	Evidence	A).	Specific	exceptions	and	potential	subgroup	considerations	
are	outlined	below	in	recommendations	3	through	6.	

3. A	policy	of	early	hematoma	evacuation	is	not	clearly	beneficial	compared	with	hematoma	
evacuation	when	patients	deteriorate	(Class	IIb;	Level	of	Evidence	A).	

4. Supratentorial hematoma	evacuation	in	deteriorating	patients	might	be	considered	as	a	
life-saving	measure	(Class	IIb;	Level	of	Evidence	C).	

5. DC	with	or	without	hematoma	evacuation	might	reduce	mortality	for	patients	with	
supratentorial ICH	who	are	in	a	coma,	have	large	hematomas	with	significant	midline	shift,	
or	have	elevated	ICP	refractory	to	medical	management	(Class	IIb;	Level	of	Evidence	C).	

6. The	effectiveness	of	minimally	invasive	clot	evacuation	with	stereotactic	or	endoscopic	
aspiration	with	or	with- out	thrombolytic	usage	is	uncertain	(Class	IIb;	Level	of	Evidence	B).	

factors such as age, previous comorbidities, etiology of the
bleeding, and socioeconomic factors [12], which are known
to affect outcome [16].

Etiology and risk factors
The most important modifiable risk factor in spontaneous
ICH is chronic arterial hypertension [17]. Deep perforator
arteries in the pons, midbrain, thalamus, basal ganglia, and
deep cerebellar nuclei, chronically damaged by hyperten-
sion, are the most common locations for hypertensive
bleeding [18, 19]. Chronic hypertension is present in 50–
70 % of patients who develop ICH [20]. Patients with a sys-
tolic blood pressure (SBP) ≥160 mmHg or a diastolic blood
pressure ≥110 mmHg have a 5.5 (95 % CI 3.0–10.0) times
increased rate of ICH, compared with normotensive pa-
tients [21]. Besides hypertension, cerebrovascular amyloid
deposition (i.e., cerebral amyloid angiopathy) is associated
with ICH in older patients [22]. Intracranial hemorrhage
associated with cerebral amyloid angiopathy seldom occurs
in subjects younger than 60 years of age. The incidence sig-
nificantly increases thereafter, and is almost always associ-
ated with a lobar hemorrhage [23]. Coagulopathies (i.e., the
use of antithrombotic or thrombolytic agents, congenital
or acquired factor deficiencies) and systemic diseases, such
as thrombocytopenia, are possible causes of ICH. The use
of oral anticoagulants, especially vitamin K inhibitors
(i.e., warfarin), has increased coagulopathy-associated
ICH in recent years, accounting for more than 15 % of all
cases [14, 24].

Psychosocial, ethnic, and economic factors play a role
in the prevalence of cerebral hemorrhage, with ICH being
twice as common in low-income and middle-income coun-
tries compared with high-income countries [2, 19, 25].
Other identified risk factors for ICH include age (i.e., each
decade from 50 years of age is associated with a 2-fold
increase in the incidence of ICH) and an elevated alcohol
intake [20].
Etiologies of ICH to always consider include: intracra-

nial aneurysms (typically presenting as subarachnoid
hemorrhage); arteriovenous malformations (ICH is the
first presentation of AVMs in 60 % of cases); cerebral
venous sinus thrombosis and venous infarction; brain tu-
mors (<5 % of all ICH cases) including cerebral metastasis
(e.g., lung cancer, melanoma, renal cell carcinoma, thyroid
carcinoma, and choriocarcinoma) and primary CNS tu-
mors (e.g., glioblastoma multiforme and oligodendrogli-
omas); and drugs of abuse (e.g., cocaine, amphetamines).
Because of the differing etiologies of ICH, a rapid and
accurate diagnosis of the underlying etiology of ICH is
essential to direct appropriate management strategies.

Initial evaluation and clinical stabilization
According to the AHA/ASA guidelines [9] and the
Emergency Neurological Life Support protocols [26],
spontaneous intracranial hemorrhage is a medical emer-
gency and should be managed accordingly. The initial
management should focus on the following principles
(Fig. 1):

Fig. 1 Principles of ICH management. GCS Glasgow Coma Scale, SaO2 Oxygen arterial saturation, PaCO2 partial pressure of carbon dyoxide, ICP intracranial
pressure, CBC Complete Blood Count, PTT Partial Thromboplastin Time, INR international normalised ratio, VKAs Vitamin K inhibitors, NOACs newer oral
anticoagulants, LMWH lower molecular weight heparin, HTN hypertension, NCCT non contrast computed tomography, CTA computed tomography
angiography, MRI magnetic resonance imaging, MRA Magnetic Resonance Angiography, MRV Magnetic Resonance Venogram, DSA digital subtraction
angiography, ICH intracerebral hemorrhage, IVH intraventricular hemorrhage, NIHSS National Institutes of Health Stroke Scale, SBP systolic blood pressure,
EVD external ventricular drain

de Oliveira Manoel et al. Critical Care  (2016) 20:272 Page 2 of 29

de	Oliveira	Manoel et	al.	Crit Care	2016
Hemphill et	al.	Stroke	2015
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Conclusion	
• Peu	d’interventions	démontrant	bénéfices	sur	évolution	neurologique

• Validité	externe	douteuse	chez	population	chirurgicale	(HTIC,	taille	d’hématome)
• Réduction	agressive	de	pression	artérielle
• Renversement	de	coagulopathie
• Thérapies	hémostatiques	

• Utilité	d’approches	chirurgicales	demeurent	mal	définies	
• Détérioration	neurologique
• HTIC	réfractaire,	HIP	volumineux,	patient	comateux

• Considérations	anesthésiques	demeurent	relativement	non-spécifiques
• Urgence,	patient	instable	– ABC	(considérer	estomac	plein)
• Anticiper	et	traiter	HTIC,	convulsions,	insultes	secondaires...	

• Maintenir	PPC	adéquate	(considérer	altération	d’autorégulation	cérébrale)
• Éviter	hypertension	extrême	(validité	de	cible	INTERACT2,	ATACH-2	douteuse)
• Réduire	PIC	– algorithme	HTIC/relaxation	cérébrale	(TIVA,	osmothérapie,	+/- hyperventilation	si	engagement	imminent)	(cours	HTIC)

• Renverser	coagulopathie
• Considérer	atteintes	extracrâniennes (CMP,	IM,	œdème	pulmonaire)
• Considérer	co-morbidités associées	
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Hémorragie	sous-arachnoïdienne
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Hémorragie	sous-arachnoïdienne
• HSA	non-traumatiques	(~	5-10%	AVC)

• Incidence	mondiale	variable	9-23/100,000	"#
• Population	typiquement	plus	jeune	(40-60	ans)
• Origine	anévrysmale chez	80%,	autres	causes	non-anévrysmales	(MAV,	idiopathique,	etc)
• Morbidité/mortalité	élevée

• Mortalité	15%	avant	admission,	30-40%	à	30	jours
• Morbidité/mortalité	augmente	selon	sévérité	de	l’atteinte	initiale,	re-saignement,	DCI,	âge	et	comorbidités

• Anévrysme	intracrânien	1-2%	
• Habituellement	asymptômatiques
• Circulation	antérieure	>	80%
• Sacculaire 90%,	fusiforme	10%
• Multiples	anévrysmes	35%	

• FR	anévrysme:	femmes,	HTA,	tabagisme,	ROH,	reins	polykystiques,	syndrome	Ehlers-
Danlos,	syndrome	Marfan,	NF	type	1,	dysplasie	fibromusculaire

• FR	rupture:	femmes,	HTA,	tabagisme,	âge	avancé,	ROH,	drogues	sympathomimétiques,	
origines	(afroaméricains,	hispanoaméricains,	",	#),	caractéristiques	d’anévrysme	
(circulation	postérieure,	>	7-10	mm,	anévrysmes	géants	>	20-25	mm)

Lawton	et	al.	NEJM	2017
D’Souza	S.	J	Neurosurg Anesthesiol 2015

several ways: headache,23,41 bilateral temporal hemi-
anopsia and bilateral lower extremity weakness (anterior
communicating artery aneurysm),23,41,42 unilateral third
nerve palsy (posterior communicating artery aneurysm),41

facial or orbital pain, epistaxis, progressive vision loss
and/or opthalmoplegia (intercavernous internal carotid
artery),43 and symptoms of brainstem dysfunction
(posterior circulation aneurysms).14 The most common
presenting feature of an aneurysm is SAH. SAH most
commonly presents as a severe headache most often
described by the patient as “This is the worst headache of
my life.”44,45 An SAH headache is most often associated
with nausea, vomiting, neck rigidity, and photophobia.23

As many as 30% to 40% of the patients may present with
a sentinel headache; a warning headache occurring a few
weeks before the major bleed possibly due to a warning
leak.46–49 Depending on the severity of SAH, the patient
may present with drowsiness, confusion, focal neuro-
logical deficits, hemiparesis, and even coma (Table 2).

Assessment of Severity
The severity of SAH is clinically assessed and

graded using either the Hunt and Hess classification or
the World Federation of Neurosurgeons Scale (WFNS).
The prognostic advantage of one scale over the other is
uncertain, these scales have limitations due to intra-
observer and interobserver variability.50 The WFNS
scale, widely used, is composed of focal neurological
deficits and the Glasgow Coma Scale. Higher grades on
both scales are associated with the worst outcomes.
Neurological status should also be assessed using the
Glasgow Coma Scale, which has a prognostic value and
less observer variability.50 Mortality is commonly caused
by neurological injury resulting from the initial bleeding
and rebleeding and from delayed cerebral ischemia (DCI).
Mortality is a function of the volume of initial hemor-
rhage and initial neurological status following SAH.51,52

Elderly patients and patients with coexisting medical
conditions are at higher risk for mortality.51 The clinical
goal is to prevent rebleeding and DCI.

Noncontrast head computed tomography (CT) is
the initial imaging modality of choice.53,54 The presence
of SAH requires further evaluation with CT angiography
(CTA) or cerebral angiography.54 Noncontrast CT
followed by CTA provides diagnosis in aSAH in 99%
of the cases.55,56 In the presence of a normal noncontrast

CT scan, lumbar puncture remains necessary to avoid
potential misdiagnosis.13,54,57 The Fisher scale is used to
classify the appearance of SAH on a CT scan. This scale is
based on the amount of blood in the subarachnoid space
on a cranial CT scan and is a predictor of cerebral vas-
ospasm, DCI, and possibly the overall patient out-
come.58–60

Cardiac Manifestations
Patients following subarachnoid bleed are likely to

show a wide variety of electrocardiographic abnormalities
including ST and T wave changes, suggestive of myocardial
ischemia and QT prolongation and U waves. In addition,
SAH may present with supraventricular and ventricular
arrhythmias, elevated troponin levels, and myocardial
dysfunction without coronary vasospasm.61–63 The exact
mechanism is not known. The likely cause is sympathetic
activation along with parasympathetic dysfunction result-
ing in inflammation of cardiac myocytes.63 The degree of
troponin elevation is associated with an increased risk for
cardiovascular complications and vasospasm-induced DCI
and poor neurological outcome.61,62 An exploratory anal-
ysis of 413 patients from the CONSCIOUS-1 (Clazosentan
to Overcome Neurological iSChemia and Infarct OccUring
after Subarachnoid Hemorrhage) database showed an
association between QT prolongation, tachycardia, and
development of angiographic vasospasm.64 Thus these
cardiac changes primarily reflect the severity of neuro-
logical injury, but are reversible in the majority of cases and
are likely to resolve.65,66 However, patients with severe
myocardial dysfunction may need inotropic support and
rarely temporary intra-aortic balloon counterpulsation.

Neurogenic Pulmonary Edema (NPE)
NPE is thought to be due to a massive sympathetic

discharge resulting from neurological injury and is asso-
ciated with reduced global and segmental left ventricular
systolic function.67 NPE reflects the severity of the sub-
arachnoid bleed and is associated with poor outcome.68,69

Hypertension
Elevated blood pressure (BP) following aSAH is

associated with higher mortality.70,71 However, aggressive
management of hypertension following aSAH is always a
matter of concern, given that a higher BP is required to
maintain cerebral perfusion pressure (CPP), in the pres-
ence of elevated intracranial pressure (ICP).15 Sym-
pathetic activation following SAH is an important cause
of hypertension. Elevated ICP is not the solitary cause.
Sustained elevation of BP increases the risk for aneur-
ysmal rupture and rebleeding. A recent large randomized
controlled trial (RCT), INTEnsive Blood Pressure Re-
duction in Acute Cerebral Hemorrhage Trial (INTER-
ACT-2), with 2794 participants reported that systolic BP
reduction to <140mm Hg within an hour of intra-
cerebral hemorrhage compared with <180mm Hg sys-
tolic had similar mortality and severe disability rate at the
end of 90 days.72 The IntraCerebral Hemorrhage Acutely
Decreasing Arterial Pressure Trial (ICH ADAPT)

TABLE 2. Clinical Features of Intracranial Aneurysms Based on
Location

Location of the Aneurysm Clinical Features

Anterior communicating artery Bilateral temporal hemianopsia
Bilateral lower extremity weakness

Posterior communicating artery Third nerve palsy
Intercavernous internal carotid
artery

Facial or orbital pain

Epistaxis
Progressive vision loss and/or
opthalmoplegia

Posterior circulation aneurysms Brainstem dysfunction

D’Souza J Neurosurg Anesthesiol ! Volume 27, Number 3, July 2015
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HSA:	évolution	intra-hospitalière	typique

• Présentation	immédiate
• Diagnostic	HSA	anévrysmale
• Stabilisation	initiale

• Pré-sécurisation
• Prévenir	re-saignement	

• Sécurisation	précoce,	HTA,	antifibrinolytique
• Prévenir	dommage	cérébral	secondaire	

• DVE,	anticonvulsivants,	complications	intra/extracrânienne

• Post-sécurisation
• Anticiper	et	prévenir	dommage	cérébral	secondaire
• Anticiper	et	traiter	ischémie	cérébrale	retardée	

• Plus	tardivement
• DVP,	remise	volet
• Sevrage	trachéostomie
• Réadaptation	et	disposition	
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Présentation	clinique	et	pronostication	
• Céphalée	brutale	(thunderclap)	ad	décès	

• 10-40%	céphalée	« sentinelle »	2-8	sem pré-HSA
• Altération	de	l’état	de	conscience
• Déficit	neurologique	focal
• Convulsions	ad	20%

• Échelles	pronostiques
• Cliniques	(Hunt	and	Hess,	WFNS)
• Radiologique	(Fisher	modifié,		Hijdra score)
• Combinés	(VASOGRADE)

D’Souza	S.	J	Neurosurg Anesthesiol 2015

ventricles, had equivalent predictive value when considered
in conjunction with thick cisternal SAH. These results sug-
gest that although the presence of any ventricular blood
predisposes to DCI, the risk is highest when blood is present
in both lateral ventricles. This may reflect a larger overall
extent of IVH when blood is in both lateral ventricles or
closer proximity of blood in this location to the deep cortical
vascular territories.

The association of large amounts of cisternal subarachnoid
blood with angiographic and TCD evidence of arterial
spasm,8,11,16,19 and with symptomatic vasospasm,5–9,12–18,20 is
well described. Whether IVH or ICH also predisposes to DCI
has been less clear. Four studies have separately assessed
IVH and SAH as risk factors for deterioration or infarction
from vasospasm,5,6,12,17 with conflicting results: 2 found a
relationship between IVH and DCI,5,6 and 2 others did
not.12,17 In a study of 176 patients, Hijdra et al6 found that the
amount of SAH and IVH, and treatment with tranexamic
acid, were independently predictive in a multivariate model.
In a study of 283 patients, Qureshi et al5 found a univariate
association between IVH and DCI, but IVH did not remain in
the final multivariate model. Although ICH was predictive of
infarction in our study, this relationship was not significant
when both CT and clinical variables were considered, and we
failed to find an association with DCI, as have others.5,12,17

Several investigators have identified acute hydrocephalus as a
risk factor for symptomatic vasospasm,6,23 but others have
not.5,12 Ventricular size was not predictive of DCI in our

study, suggesting that the risk of delayed ischemia is more
related to the amount of ventricular blood than to the extent
of CSF obstruction.

The mechanism by which IVH may increase susceptibility
to DCI is unknown. Several case reports have demonstrated
that IVH related to ruptured arteriovenous malformations can
result in symptomatic vasospasm of the proximal cerebral
arteries in the absence of SAH.25–27 All of these cases
occurred in young women, and the mechanism for this
phenomenon is unknown. Although it is possible that IVH
may promote proximal arterial spasm, adverse effects on
cerebral blood flow or tissue tolerance for ischemia may also
increase susceptibility to DCI. IVH in dogs has been shown to
cause periventricular blood infiltration, extensive ependymal
disruption, cellular desquamation, and subependymal gliosis
involving the ventricular walls.28,29 Injury of this type in brain
regions adjacent to ventricular blood may exacerbate ische-
mia or adversely affect the cerebral microcirculation. Because
all of our patients with acute hydrocephalus and depressed
level of consciousness were treated with ventricular drainage,
it is unlikely that reduced cerebral perfusion pressure related
to elevated intracranial pressure can explain why IVH pre-
disposed to DCI.

In their seminal study, Fisher et al21 did not emphasize ICH
and IVH as risk factors for DCI. Fisher’s scale does not
distinguish between IVH and ICH and does not differentiate
patients with thick cisternal clot and IVH from those without
IVH. Other proposed CT rating scales for SAH have ignored

Proposed SAH CT rating scale: grade 1 (minimal or diffuse thin SAH without bilateral IVH), indicating low risk for DCI; grade 2 (minimal
or thin SAH with bilateral IVH) and grade 3 (cisternal clot without bilateral IVH), indicating intermediate risk for DCI; and grade 4 (cister-
nal clot with bilateral IVH), indicating high risk for DCI.

2018 Stroke September 2001

Journal of Neurology, Neurosurgery, and Psychiatry 1988;51:1457-1463

Letters
A nversal rhage scale:
report of a cottee ofthe World Federation
of N erugial Societies

Sir: At its meeting in Barcelona in September
1987, the Executive Committee of World
Federation of Neurosurgical Societies
received and unanimously approved a report
from a committee that had been working for
six years to devise a simple, reliable, clini-
cally valid scale for grading patients with a
subarachnoid haemorrhage. The commit-
tee's view was that the scale was needed for
describing changes in an individual patient
at different times, for estimating prognosis
and for standardising assessment of man-
agement in different groups of patients; a
requirement was that the scale would meld
with currently used scaling systems.

The committee took into account an
analysis of data from the international co-
operative aneurysm study which contained
3521 patients from 68 countries;' this
showed that the two most important prog-
nostic factors were the level ofconsciousness
(important for the prediction of both death
and disability) and the presence or absence
of hemiparesis and/or aphasia (important
only for disability in survivors). The analysis
had shown that ifconsciousness was normal,
headache and/or a stiff neck did not sig-
nificantly affect outcome.

The committee resolved that five grades
only should be used for patients with subara-
chnoid haemorrhage; patients with an
unruptured aneurysm should be identified
separately, or classified as 'zero'. It believed
that the Glasgow Coma Scale2 should be
used to assess the level of consciousness,
because of its world wide acceptance in
assessment of coma from head injury. The
only additional factor should be the presence
or absence of major focal deficit to differen-
tiate between grades two and three. The
committee also resolved that in assessing
outcome from subarachnoid haemorrhage,
categories of the Glasgow Outcome Scale
should be used3: Dead Vegetative Survival,
Severely disabled; Moderately disabled;
good recovery.
Table WFNS SAH grading scale

Grade GCS Motor deficit
I 15 -
II 14-13 -
III 14-13 +
IV 12-7
V 6-3

The World Federation of Neurosurgical
Societies hope that the scale will prove
acceptable to all those concerned with the
management of patients with subarachnoid
haemorrhage and will be adopted widely
both in day to day clinical practice and in
reports in scientific journals. Members of the
Committee undertook to bring the scale to
the attention of editor and readers of
appropriate journals.

GRAHAM M TEASDALE
On behalfof the WFNS Committee

CG DRAKE, Chairman
W HUNT

N KASSELL
K SANO

B PERaT
JC DE VILLEERS
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Cborea: a new mfestation of maocytois

Sir: Mastocytosis is a uncommon disease,
characterised by the proliferation of mast
cells in various organs of the body, which
presents in a limited cutaneous or a systemic
form.' The central nervous system manifes-
tations of mastocytosis include headache,
dizziness, seizures and alterations in cog-
nitive function.23 The occurrence of chorea,
to the best of our knowledge, have never
before been described in mastocytosis. We
recently examined a patient with mas-
tocytosis who developed choreic
movements.

A 13 year old girl was admitted to hospital
for study ofpruritic skin lesions consisting of
reddish-brown maculopapules. A skin
biopsy was done under local anaesthetic
(mepivacaine 1%). Approximately 4 hours
later, she developed involuntary movements.
Examination revealed choreatic movements
specially involving the upper extremities and
the orofaciolingual muscles, with the trunk
and the lower extremities involved to a lesser
degree. The hands showed choreothetoid
movements. Neurological examination was

1457

otherwise normal. General physical examin-
ation was normal save for skin lesions. One
day after initiation of the chorea, treatment
with cyproheptadine (12 mg/d) and
ketotifen (2 mg/d) was instituted. Resolu-
tion of the abnormal movements began
gradually during the third day after their
onset and completely returned to the
premorbid state on the fifth day. One year
later, the patient has remained well without
further choreic episodes.

Pregnancy, birth and early development
were normal. There was no history ofchorea
or rheumatic fever and the patient had not
been treated with chorea-inducing drugs.
Family history was not significant for any
neurological disease.

The following investigations were all nor-
mal; haemoglobin determination, WBC and
differential counts, ESR, urea and electro-
lytes, creatinine, blood glucose, liver func-
tion tests, calcium and phosphate, choles-
terol, triglycerides, uric acid, serum protein
electrophoresis, quantitative assays for
immunoglobulin levels, C3, C4, autoanti-
body screening, syphilis tests, coagulation
system tests, thyroid function tests, caerulo-
plasmin, serum and urinary copper, 24 hour
5-hidroxylindolacetic acid and urinary his-
tamine levels, skull and chest radiographs,
cerebrospinal fluid, electroencephalogra-
phy, auditory and visual evoked potential
and CT and MRI of the brain. The skin
biopsy specimen showed mast cell infiltra-
tion of the dermis.

The most remarkable finding in our case is
the presence of chorea that, to our
knowledge, has never before been described
in mastocytosis. Choreic movements were
considered to be caused by mastocytosis, not
just because no evidence of other aetiology
was found,' but also in view that the admin-
istration of a well-known activator of a mast
cell secretion as topical anaesthetic3
provoked the choreic movements.

The role of the mast cell in production of
disease appears to be twofold. As a con-
sequence ofa high tissue mast cell concentra-
tion, there are both local effects of mast cell
infiltration, as it interfers with organ func-
tion, and systemic effects resulting from
release of mast cell mediators such as his-
tamine, heparin, prostaglandins and other
peptides.5 6

Chorea can be the result of structural or
functional striatum damage.' In our case, the
possible explanation of these movements is
that as an effect of a sudden and greatly
elevated level of released mast cell
mediators, mastocytosis may induce bio-
chemical alteration in the basal ganglia. This
hypothesis is supported by the fact that the

VASOGRADE WFNS mFisher OR	DCI
Green 1-2 1-2

Yellow 1-3 3-4 1.31	(0,77-2,23)

Red 4-5 any 3.19	(2,07-4,50) Claassen et	al.	Stroke	2001
Hijdra et	al.	Stroke	1990

Teasdale et	al.	J	Neurol Neurosurg Psychiatr 1988	
de	Oliviera Manoel et	al.	Stroke	2015
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Dommage	cérébral	précoce	(early brain injury)
• EBW	=	J0-J3
• ↑↑↑	brutale	de	PIC	è

hypoperfusion	globale	
transitoire

• Sang	sous-arachnoïdien	
• Re-saignement	
• Contribution	de	complications	

extracrâniennes

• Activation	adrénergique
• Vasoconstriction	

microcirculation
• Microthromboses
• Altération	BHE
• Œdème	cytotoxique	
• Œdème	vasogénique	
• Altération	autorégulation	

cérébrale

• ↑	secondaire	de	la	PIC	
• HCP	(communicante,	non-

communicante)
• Effet	de	masse	(HIP,	HSD)
• Œdème	cérébral

that manifests most often between days 3 and 14 after
haemorrhage. Recently, DCI was defined as a change in
level of consciousness (decrease of 2 points in the GCS
or an increase in 2 points in the National Institute of
Health Stroke Scale) or development of new focal deficit
lasting for at least 1 hour and not explained by other fac-
tors (e.g., systemic complications and hydrocephalus) [7].
DCI is believed to be due to a combination of factors such
as angiographic vasospasm, cortical spreading ischaemia,
microthrombosis, and microcirculation vasoconstriction.
In this review, we will discuss the management of patients
with poor-grade SAH on the basis of the current concepts
of EBI and delayed cerebral ischaemia.

Search strategy
A PubMed search for articles published until May 2015
was performed by using the terms “Subarachnoid
Hemorrhage” [Mesh] AND (“poor-grade” [Title/Abstract]
OR “high-grade” [Title/Abstract]), which returned 236
articles. Additionally, the reference lists of the most
recent guidelines on the management of SAH were
searched [8–10]. Lastly, the authors’ personal databases
were used as an additional source for this review.

1. Initial management: medical stabilisation,
prevention of re-bleeding, and control of intracra-
nial pressure
During aneurysmal SAH, extravasation of high-pressure
arterial blood in the subarachnoid space (and often into
the brain parenchyma and ventricles) is associated with
a sudden ICP increase that, if severe and sustained, may
compromise cerebral perfusion, causing global cerebral
ischaemia and EBI (Fig. 1). If the haemorrhage does not
stop, acute cardiopulmonary instability associated with
intracranial hypertension or compromised cerebral
blood flow (CBF) leads to patient death before hospital
admission. In patients who survive the initial haemor-
rhage, re-bleeding is the most severe early complication;
the reported incidence is up to 15 % in the first 24 hours,
and the fatality rate is approximately 70 % [11–13].
Patients with poor-grade SAH are at higher risk of re-
bleeding [14]. Initial management therefore should focus
on strategies aimed to prevent re-bleeding and to con-
trol ICP.
Early aneurysm repair is generally considered the most

important strategy to reduce the risk of aneurysm re-
rupture [15]. However, evidence for optimum timing of

Fig. 1 Early pathophysiology of subarachnoid haemorrhage. Acute haemorrhage from an aneurysm can physically damage the brain and lead to
acute transient global ischaemia. Transient global ischaemia secondary to increased intracranial pressure can also trigger sympathetic nervous
system activation, leading to systemic complications. The contribution of each process to the pathophysiology is unknown, but transient global
ischaemia and subarachnoid blood result in early brain injury, characterised by microcirculation constriction, microthrombosis, disruption of the
blood–brain barrier, cytotoxic and vasogenic cerebral oedema, and neuronal and endothelial cell death. CBF cerebral blood flow, CPP cerebral
perfusion pressure, ECG electrocardiographic, ET-1 endothelin-1, ICH intracranial haemorrhage, ICP intracranial pressure, MMP-9 matrix metalloproteinase-9,
NO nitric oxide, TNF-R1 tumour necrosis factor receptor 1. First published in Nature Reviews Neurology [98]

de Oliveira Manoel et al. Critical Care  (2016) 20:21 Page 2 of 19

Macdonald	RL.	Nat	Rev Neurol 2014
de	Oliveira	Manoel et	al.	Crit Care	2016
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Prévenir	re-saignement	
• Re-saignement	jusqu’à	15%	dans	1ers 72	hrsèmortalité	70%

• FR:	grade	élevé,	gros	anévrysmes,	saignement	sentinel

• Sécurisation	le	plus	tôt	possible	(<	72	hrs)
• Ultra	rapide	(<	24	hrs)	vs	rapide	(24-72	hrs)	– bénéfices	incertains	
• « as	early as	feasible »		« as	early as	logistically and	technically possible »		

• Modalité	thérapeutique:	« clip	vs	coil? »

• Limiter	poussées	hypertensives?	
• ASA/AHA/NCS	è TAsyst <	160	mmHg,	TAM	<	110	mmHg
• ESO	è TAsyst <	180	mmHg

• Antifibrinolytique?
• Considérer	si	sécurisation	sera	retardée	– début	précoce,	arrêt	2h	pré-sécurisation
• Éviter	administration	retardée	(>	48	hrs post-HSA)	ou	prolongée	(>	3	jrs)
• Réduction	du	risque	de	re-saignement	(2%	vs	11%)	
• Augmentation	du	risque	de	TVP
• EP,	DCI,	évolution	neurologique	semble	idem

• Voir	considération	anesthésiques	– induction

D’Souza	S.	J	Neurosurg Anesthesiol 2015
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Complications	extracrâniennes

• Effets	cardiaques
• Changements	ECG	(D ST-T,	prolongation	QT,	ondes	Q,		ondes	U)
• Élévation	de	biomarqueurs	(troponines,	NT-proBNP)
• Dysrythmies	(supraventriculaires,	ventriculaires)
• Dysfonction	myocardique	– dysfonction	globale,	ARC

• STEMI	/	NSTEMI	type	I	surajouté
• NSTEMI	type	II	2o stress	adrénergique
• Changement	ECG	sans	infarctus

• Cardiopathie de	stress	(“axe	neuro-cardiaque”)
• Poussée adrénergique (haut	grade)
• Tachycardie sinusale,	changements ST-T
• Élévation	importante	des	biomarqueurs
• Hypotension	inhabituelle…$

http://www.health.harvard.edu/heart-health/takotsubo-cardiomyopathy-broken-heart-syndrome
Van	der	Bilt et	al.	Neurosurgery	2015
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Complications	extracrâniennes
• Complications	respiratoires	

• Œdème	pulmonaire	(neurogénique,	cardiogénique,	ARDS)
• Aspiration	/	surinfection

• Volémie	et	électrolytes
• Hypovolémie	– polyurie	(CSW,	HTA,	osmothérapie)
• HypoNa*	- CSW,	SIADH	

• Rarement	hyperNa (DI,	osmothérapie)
• HypoMg*
• HypoK,	HypoCa

• Autres
• Hyperthermie	– viser	normothermie,	éviter	frissons
• Hyperglycémie	– viser	normoglycémie
• Infections,	sepsis	
• Anémie	– seuil?	(Étude	SAHaRA à	venir)
• TVP	
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Sécurisation:	« Clip	vs	coil »

• ISAT	(Lancet	2002)	– Arrêt	précoce	(2143	patients)
• Anévrysme	traitable	par	voie	endovasculaire ou	neurochirurgicale	(équipoise)	
• Embolisation:	↓	dépendance	et	mortalité	(mRS ≥	3)	23.7	vs	30,6%	(p=0.0019)
• Embolisation:	plus	de	récidive	de	saignement	à	1	an	(2,6	vs	1%)
• Embolisation:	moins	de	convulsion	post-embolisation	à	1	et	5	ans
• Évolution	neurologique	chez	<	40	ans	similaires	dans	2	groupes	
• Petits	anévrysmes	(<	1	cm),	circulation	antérieure	(97%),	bas	grades	(WFNS	I-II	

88%),	patients	âgés	>	70	ans	exclus

• ISAT	II	(en	cours)	– traitement	chez	patients	non-ISAT	(>	1	cm,	circulation	
postérieure,	WFNS	III-IV,	âge	>	70	ans)

• Non	randomisés:	absence	d’équipoise
• Critères	ISAT
• Anatomie	non	favorable	à	traitement	endovasculaire:	géant,	collet	large	(ratio	>	

0,5),	fusiforme

Choice of Technique for Management of
Intracranial Aneurysms

The choice of technique for non-ISAT type of
aneurysms is yet to be studied in the ISAT II trial. Certain
aneurysms are not suitable for endovascular coiling, such
as giant aneurysms, wide neck aneurysms (a neck to dome
ratio >0.5), fusiform aneurysms, and aneurysms at cer-
tain anatomic locations, such as arterial bifurcation.23

However, aneurysms located in the vertebrobasilar dis-
tribution can be easily accessed by an endovascular ap-
proach compared with surgical clipping.13,23,106 In
particular, basilar tip aneurysms are not amenable to
surgery because of deep location and difficulty in prox-
imal control. These aneurysms can be safely treated with
an endovascular approach, with or without stent
use.107–109 Cavernous sinus internal carotid aneurysms
(ICA) are the most difficult aneurysms to treat, because of
their close proximity to venous structures and cranial
nerves. Surgical access is difficult for aneurysms at this
location.110 Aneurysms located at the intercavernous ICA
can be managed with balloon occlusion of the parent
vessel and coiling.111,112 MCA aneurysms are difficult to
treat by coil embolization and are better suited for sur-
gical clipping; however, recent evidence suggests that
these aneurysms can be safely treated with coiling em-
bolization.113–118 Ruptured aneurysms with mass effect
are better suited for surgical therapy as it enables the
surgeon to evacuate a hematoma and thereby decreases
the incidence of vasospasm.23 In younger patients, sur-
gical clipping is preferred as it provides better protection
from future SAH.94 Coiling is suitable for older patients
and patients with comorbid conditions (Table 3).119

ENDOVASCULAR FLOW DIVERSION
This is a relatively new endovascular technique

whereby an endovascular device with a porous, tubular
tight mesh and high metal ratio is deployed across the
neck of the aneurysm to redirect the flow from the
aneurysm to the parent vessel. This flow diversion even-
tually leads to intra-aneurysmal thrombosis; sub-
sequently, reendothialization of the arterial wall intima
covers the stent.120,121,123 This results in reconstruction
and remodeling of the parent artery and occludes the
aneurysm/parent vessel interface. Thus a combination of
flow diversion hemodynamics, thrombosis, inflammation,

and endothelial regrowth results in endoluminal re-
construction and overall aneurysm obliteration.120,121,123

Larger aneurysms may require a combined technique of
flow diversion and coiling. The advantage of the endo-
vascular flow diversion technique is that coiling is not
required and thereby aneurysmal perforation secondary
to coiling can be avoided. After the deployment of en-
dovascular flow-diverter devices, patients require dual
antiplatelet therapy.120,121,123 The duration of the anti-
platelet therapy is currently debated. The combination of
aspirin 325mg and clopidogrel 75mg is used for 6 months
in most of the centers.120,123 The pipeline embolization
device (PED), silk flow diverter (SFD), Surpass flow
diverter (SURPASS), and the flow redirectional endolu-
minal device (FRED) system are the 4 flow-diverter de-
vices CE marked in Europe for clinical use and available
in other parts of the world. PED is the only device ap-
proved by the US Food and Drug Administration.
SURPASS and FRED are new-generation devices, and
have recently obtained CE marking. Currently limited
data are available on their use.

The recognized problems with this technique are in-
traprocedural aneurysmal perforation or rupture, ischemic
stroke, perianeurysmal cerebral edema, early and delayed
distal intraparenchymal hemorrhages (IPH), perforator
infarction, side branch occlusion, delayed aneurysm rup-
ture, and late parent artery stenosis/occlusion from neo-
intimal overgrowth.120–129 The perforator infarction is
more common in posterior circulation compared with an-
terior circulation.122 Ischemic stroke is thought to be due to
stent occlusion from thrombus formation and throm-
boembolism.120,122 The neointimal overgrowth may cause
parent artery stenosis/occlusion and late cerebral in-
farction.123 The exact mechanism of IPH is not known. The
proposed mechanisms are hemorrhagic reperfusion of the
ischemic stroke, hemodynamic alteration from flow-
diverter placement, and dual antiplatelet therapy.120,122,123

The intra-aneurysmal thrombosis results in an in-
flammatory process and extension of such an inflammatory
process around the aneurysm is the most likely mechanism
of perianeurysmal cerebral edema.120,123 Such edema may
result in headache and worsening of presenting compressive
signs and symptoms.123 The early SAH can occur due to
intraprocedural rupture. The flow diversion technique does
not occlude the aneurysm immediately and requires a la-
tency period. Rupture can occur during this latency peri-
od.120 The late SAH is caused by aneurysmal rupture due
to inadequate occlusion. In addition, there are other theo-
ries to explain the delayed aneurysmal rupture. The in-
flammatory process resulting from intra-aneurysmal
thrombosis may contribute to weakening and breakdown
of the aneurysmal wall and subsequently rupture causing
delayed SAH.120,123 The proximal migration of the flow-
diverter device may redirect the flow from the parent vessel
to the aneurysmal sac resulting in its rupture.120 A meta-
analysis involving 29 studies with 1654 aneurysms treated
with PED and SFD reported the total occlusion rate as
76% at 6 months.122 The periprocedural mortality and
morbidity rate was 4% and 5%, respectively. The overall

TABLE 3. Choice of Technique for Intracranial Aneurysms

Endovascular coiling Posterior circulation aneurysms
Basilar tip aneurysms
Intercavernous internal carotid artery aneurysms
Elderly patients
Patients with comorbid conditions

Surgical clipping Middle cerebral artery aneurysms
Fusiform aneurysms
Giant aneurysms
Aneurysms with wide neck
Aneurysms at arterial bifurcations
Ruptured aneurysms
Younger patients

J Neurosurg Anesthesiol ! Volume 27, Number 3, July 2015 Aneurysmal Subarachnoid Hemorrhage
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HSA	non-sécurisée:	induction
• Minimiser	variation	du	gradient	de	pression	transmurale (DTMP)	à	travers	l’anévrysme

• Assurer	perfusion	cérébrale	adéquate
• Limite	inférieure	d’autorégulation?
• Dysfonction	ad	absence	d’autorégulation	cérébrale	ipsi vs	bilatérale

• Objectifs	paradoxaux!!
• TMP	=	PAM	– PIC
• PPC	=	PAM	– PIC	

• PIC	élevée?
• PPC	de	base?	
⇒Changements	graduels,	minimiser	DP/Dt
⇒Présence	de	DVE?	(éviter	drainage	rapide)
⇒Pré	sécurisation,	maintenir	DVE	≥	15	cm	H2O	

• Considérations	HTIC	(prévenir	engagement	et	hypoperfusion	cérébrale)

• Autres	considérations	(estomac	plein,	agitation,	hypoxémie,	dysfonction	VG)
• NRI	=	hors	bloc,	accès	limité	au	patient

Kundra et	al.	J	Anaesthesiol Clin	Pharmacol 2014
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HSA	non-sécurisée:	induction

Conflit	majeur

Induction	séquence	rapide	
Risque	d’aspiration

Désaturation	rapide

Mauvaise	tolérance	à	l’hypercapnie

-VS-

Stabilité	hémodynamique
Conséquence	d’hypotension	(CPP)	et	hypoperfusion	cérébrale

Ischémie	cérébrale	exacerbée	si	vasospasme surajouté

Possibilité	de	cardiopathie	de	stress

Hypertension	et	risque	de	resaignement
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HSA	non-sécurisée:	maintient
• Modalité	anesthésique	(TIVA	vs	halogénés)	

• Considérations:	
• vasodilatation	cérébrale	directe	(DSC	>	CMRO2	=	perfusion	de	luxe	bénéfique?)
• altération	autorégulation	(significatif	si	<	1	MAC?	impact	chez	patient	ayant	déjà	altération	de	l’autorégulation?)
• relaxation	cérébrale	et	HTIC
• délai	d’émergence
• neuromonitoring intraopératoire (potentiels	évoqués)	

• Aucune	étude	comparative	sur	évolution	neurologique	dans	cette	population
• Extrapolation	de	données	(craniotomie	élective,	ligature	élective)	inadéquate

• Assurer	DSC	adéquat	=	PPC	(assumer	absence	d’autorégulation)
• Prévenir	et	traiter	HTIC	(+/- relaxation	cérébrale	optimale	si	craniotomie)	

• Monitoring	PIC	durant	intervention	
• Minimiser	variations	brusques	et	élévation	de	pression	transmurale (TMP)	durant	dissection	de	anévrysme

• Neuromonitoring (EEG,	SSEP,	MEP,	BAEP)	– absence	de	données	de	haute	qualité
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HSA	non-sécurisée:	maintient
• Cibles	PAM/EtCO2	

• Étude	rétrospective	1099	pts	(Akkermans et	al.	Anesthesiology	2018)
• Intervalles	EtCO2	et	PAM	è aucune	association	à	évolution	neurologique	(GOS)
• Limites:	rétrospectif,	aucune	considération	d’étapes	de	procédure,	PaCO2,	GOS	grossier…

• Normothermie – éviter	hyperthermie	
• IHAST	(Todd	et	al.	NEJM	2005,	Hindman et	al.	Anesthesiology	2011)
• RCT	1001	pts:	WFNS	I-III	/	ligature	anévrysme	/	33oC	vs	36,5oC	intraopératoire
• Évolution	neurologique	favorable	(GOS	1**)	idem	(66	vs	63%)
• Hypothermie:	plus	de	bactériémies	(5	vs	3%),	plus	de	patients	demeurent	intubés	postop (25	vs	13%)
• Post	hoc	(441	pts	– ligature	temporaire):	hypothermie	et	« neuroprotection pharmacologique »	=	outcome idem
• Limites:	WFNS	I-II	(95%),	refroidissement	lent/réchauffement	rapide,	manque	de	puissance?

• Autres	considérations:	
• Normonatrémie
• Normoglycémie
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HSA	non-sécurisée:	maintient

• Occlusion	endovasculaire et	ligature	temporaire
• <	1-2	minutes,	pas	d’intervention	nécessaire
• Durée	sécuritaire	<	10	min
• Plus	long:	FiO2	100%,	augmenter	PAM	120%	baseline,	bouffée-suppression(?),	hypothermie(?)
• Risque	ischémie:	grade	élevé,	patient	âgé,	diabétique,	durée	>	20	minutes,	ligature	répétée
• Perfusion	de	luxe	avec	halogéné?	

n engl j med 377;3 nejm.org July 20, 2017 259
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HSA	non-sécurisée:	rupture	intra-opératoire
• Communication!!!	(neurochirurgien	ou	neuroradiologiste)
• Appel	à	l’aide
• Ligature	è contrôle	proximal	+	distal	par	neurochirurgien

• Dissection	≥	ligature	>>	avant	dissection	
• Ligature	temporaire	ou	permanente,	+/- compression	carotide	ipsilatérale
• Optimiser	relaxation	cérébrale	

• Interventions	à	considérer
• Hypotension	contrôlée	(PAM	≤	50	mmHg)	
• Adénosine	0,4	mg/kg	(pacemaker	externe	car	stimulation	temporaire	nécessaire	chez	4%)	
• Réanimation	volémique (produits	sanguins?)	et	stabilisation	hémodynamique	(accès	IV,	vasopresseurs)
• « Neuroprotection »	- propofol,	barbituriques,	étomidate (réduction	de	CMRO2	et	PAM)

• Embolisation	è occlusion	par	ballon,	embolisation	vs	DVE	+/- craniotomie	STAT
• Absence	d’hémorragie	(externe)	massive
• Renverser	héparine	vs	poursuivre	procédure	pour	sécuriser	anévrysme
• Traitement	HTIC	PRN	
• Contrôle	pression	artérielle	PRN		- limiter	poussée	hypertensive

Mashour,	Farag.	Case	Studies in	Neuroanesthesia	and	Neurocritical	Care	2011
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HSA:	émergence	et	disposition

• Bas	grade	ou	non-rompu	
• Émergence	rapide	

• Haut	grade,	complication	intraopératoire,	HTIC
• Transfert	sécuritaire	aux	SI	

• Monitoring
• Sédation	adéquate	
• Curarisation	
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Ischémie	cérébrale	retardée	(delayed cerebral ischaemia)

Macdonald	RL.	Nat	Rev Neurol 2014
de	Oliveira	Manoel et	al.	Crit Care	2016

DCI-related cerebral infarction had significantly more
microthrombi compared with SAH patients who died be-
cause of re-bleeding or acute hydrocephalus [75, 79].
Haptoglobin is a complex tetramer glycoprotein, con-

sisting of two α and two β chains, synthesised mainly by

the liver [80]. It is an acute-phase protein that increases
in plasma during major stress situations, such as sepsis,
burns, and major trauma. Some recent studies have sug-
gested that the haptoglobin α1-α1 isoform could be pro-
tective after SAH [81–83]. Haptoglobin binds free
extracellular haemoglobin, which reduces free haemo-
globin ability to generate oxygen-free radicals and there-
fore interferes in one of the possible pathophysiological
pathways of angiographic vasospasm (i.e., haemoglobin-
mediated oxidative stress) [82].
Kantor et al. [82] found, in a cohort of 193 patients

with SAH, that the haptoglobin α2-α2 isoform was asso-
ciated with worse functional outcome at 3 months when
compared with the α1-α1 genotype. The haptoglobin
α2-α2 isoform has a lower affinity for binding haemoglo-
bin and possibly inhibits haptoglobin-haemoglobin clear-
ance because of its larger size [84]. The α2-α2 genotype
remained significantly associated with worse functional
outcome (OR 4.138; P = 0.0463) after adjustment for age,
sex, Fisher grade, and Hunt and Hess grade. A previous
study had already shown that haptoglobin α2-α2 geno-
type was associated with higher rates of angiographic
vasospasm by transcranial Doppler (TCD) and conven-
tional angiography performed between days 3 and 14

Fig. 2 Pathophysiological processes in delayed cortical ischaemia. Key processes include angiographic vasospasm, microcirculatory constriction and
formation of microthrombi, and waves of cortical spreading ischaemia, all of which can contribute to cerebral infarction. Delayed effects of the early
brain injury such as neuronal and endothelial cell apoptosis, and systemic complications, can also occur. CPP cerebral perfusion pressure, ICP
intracranial pressure, NO nitric oxide, SAH subarachnoid haemorrhage, TRP transient receptor potential. First published in Nature Reviews Neurology [98]

Table 2 Facts that challenged the concept of angiographic
vasospasm as the main factor leading to delayed cerebral
ischaemia
A. Approximately 70 % of patients with subarachnoid haemorrhage (SAH)

will develop some degree of angiographic vasospasm within 2 weeks of
haemorrhage [64, 165]; however, only 30 % will develop symptoms (i.e.,
delayed cerebral ischaemia, or DCI) [88].

B. DCI-associated cerebral infarct is an independent factor for poor
outcome after SAH [166]; however, cerebral infarction can happen
asymptomatically [88] or in vascular territories not affected by
vasospasm [167].

C. Large-vessel angiographic vasospasm detected by modalities such
as transcranial Doppler has a poor temporal relationship with the
development of DCI [167].

D. There is no evidence that nimodipine decreases the rate of angiographic
vasospasm or promotes cerebral vasodilation; however, it remains the
sole pharmacological intervention proven to improve outcomes
from DCI [108, 111].

E. There is an important dissociation between vasospasm-related
morbidity and functional outcome after SAH [168, 169].

F. The prevention and treatment of angiographic vasospasm do not
necessarily translate into improved outcome [169].

de Oliveira Manoel et al. Critical Care  (2016) 20:21 Page 6 of 19

• Détérioration	neurologique	retardée	
• Progression	EBI
• Hydrocéphalie
• Re-saignement
• Convulsions
• Cause	extra-crânienne
• Ischémie	cérébrale	retardée	(DCI)

• Période	à	risque	J3-J14

• Vasospasme angiographique
• Microthromboses
• Vasoconstriction	microvasculaire
• Dysfonction	endothéliale
• Altération	autorégulation	cérébrale
• Dépression	corticale	propagée
• Contribution	de	complications	

extracrâniennes
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Ischémie	cérébrale	retardée	(delayed cerebral ischaemia)

• Prévention
• Nimodipine x	21	jours
• Éviter	hypoMg
• Éviter	hypovolémie

• Traitement	
• Hypertension	– risque	(œdème	cérébral,	ischémie	myocardique,	
défaillance,	œdème	pulmonaire)

• Hypervolémie – risques	(œdème)
• Hémodilution	– amélioration	de	DSC	mais	réduction	de	DO2…
• Vasodilatateurs	systémiques	vs	intra-artériels?

• IA:	milrinone,	verapamil,	nicardipine
• Nicardipine IV	haute	dose	– améliore	vasospasme,	pas	d’amélioration	

outcome
• Milrinone IV	haute	dose	– RCT	à	venir

• Angioplastie?
• Hypercapnie	permissive?
• Neuromonitoring multimodal	pour	individualiser	thérapie?

Francoeur	et	al.	Crit Care	2016
Macdonald	RL.	Nat	Rev Neurol 2014

de	Oliveira	Manoel et	al.	Crit Care	2016

as well as endothelial dysfunction, lead to neuronal loss
and cerebral edema, respectively. CSD represents a wave
of electrical depolarization that propagates across the
cerebral gray matter at a speed of 2–5 mm/min, with en-
suing depression of ECoG activity for 5–15 min [12]. This
process is accompanied by neurovascular uncoupling: as
the energy expenditure of neurons is reaching its peak,
paradoxical vasoconstriction occurs, resulting in cortical
hypoperfusion and energy failure. CSD is present in 80 % of
poor grade SAH patients, has a biphasic distribution with
peak frequency on SAH days 0 and 7, and has an uncertain
relationship to large-vessel vasospasm and concurrent seiz-
ure activity [13]. Endothelial and platelet dysfunction, co-
agulation cascade activation, and impaired fibrinolysis all
occur after SAH. Numerous biological markers of these
events have been associated with DCI and poor outcome.
Postmortem studies have found evidence of microthrombi,
particularly in areas of cerebral infarction, after SAH. In
fact, this correlates better with cerebral infarction lesions
than vasospasm or aneurysm location [14].

Prevention
Nimodipine
DCI prevention has been the Holy Grail of SAH re-
search for decades, but few options are available and un-
fortunately most attempts have yielded disappointing
results (see Table 2). Nimodipine, a dihydropyridine

calcium channel antagonist, is the only pharmacologic
intervention so far associated with better outcome in
SAH patients. Multiple trials have demonstrated a
benefit [15], with the seminal trial showing an impres-
sive reduction in cerebral infarction, poor neurological
outcome, and death with oral nimodipine 60 mg given
every 4 hours for 21 days [16]. This is now the recom-
mended regimen, although intravenous nimodipine is
approved as an alternative in Europe. Since nimodipine
can cause hypotension, the dose can be divided into
30 mg every 2 hours or reduced to 30 mg every 4 hours.
An ongoing phase 3 trial evaluating a single administra-
tion of intraventricular nimodipine (600 mg) micropar-
ticles to optimize its efficacy and reduce its side effects
is in progress [17].

Enhanced blood clearance
The presence of blood and its breakdown products is
strongly associated with vasospasm. Numerous attempts
have been made to accelerate clearance of subarachnoid
blood, with the hope that this might result in the pre-
vention of delayed arterial spasm. The only randomized
controlled trial (RCT) investigating the use of intraop-
erative administration of rt-PA failed to show any ef-
fect on outcome [18]. Lumbar drainage of CSF was
also unsuccessful at improving mRS [19] or GOS [20]
scores at 6 months in two RCTs. Different other in-
terventions, including cisternal irrigation or use of
urokinase, have been evaluated for feasibility and re-
ported mixed results. Use of such techniques cannot
be advocated at present.

Avoidance of hypovolemia and hyponatremia
Hyponatremia and hypovolemia occur frequently after
SAH due to physiological changes favoring excessive
natriuresis and inappropriate antidiuretic hormone ele-
vation, and have been associated with impending DCI
[21]. Retrospective data indicate that fluid restriction,
the typical treatment for syndrome of inappropriate
antidiuretic hormone (SIADH), can be deleterious and
increases the risk of DCI due to aggravation of hypo-
volemia [22]. Isotonic crystalloid fluid resuscitation tar-
geting normal serum sodium values and euvolemia is
presently the favored fluid management strategy for
preventing DCI. The latter is notoriously difficult to as-
sess in critically ill patients, and the readers are referred
to papers dedicated to this specific subject for a more
in-depth approach to the matter [23–26]. Administra-
tion of fludrocortisone (between 0.2 and 0.4 mg/day)
has been shown to reduce the occurrence of hyponatre-
mia [27], with some indication towards DCI reduction.
Anecdotal evidence indicates that correction of acute
symptomatic hyponatremia with hypertonic saline (3 %)
infusion is usually effective.

Table 2 Selected pharmacologic interventions that have been
evaluated for DCI preventiona

Intervention Effect

Aspirin No effect on new lesion associated with
neurological worsening [103]

Clazosentan No effect on mortality or vasospasm-related
morbidity [5]

Enoxaparin No effect on DCI or GOS at 3 months [104]

Erythropoietin Less neurological deficit with cerebral infarct;
no difference in mRS or GOS at 6 months [105]

Fludrocortisone No effect on incidence of cerebral ischemia or
independent living [27]

Magnesium No difference in mRS at 3 months [106]

Methylprednisolone No effect on neurologic worsening; trend
towards better GOS at 6 months [107]

Nicardipine No effect on neurological worsening or GOS
at 3 months [102]

Prophylactic
angioplasty

No effect on new neurologic deficits or GOS
at 3 months [86]

Prophylactic
hypervolemia

No effect on neurologic worsening or GOS
at 3 months [69]

Statins No effect on DCI, death or mRS at
6 months [108]

aExcluding nimodipine. Only randomized controlled trials are considered.
References are either the most recent, most definitive, or most robust trial
according to the authors’ opinion
DCI delayed cerebral ischemia, GOS, Glasgow Outcome Scale, mRS modified
Rankin Scale
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Conséquences	de	dommage	cérébral	retardé

• 53	ANS	WFNS	5	(4),	mF 3	(HCP)
• DVE	frontale	D	J0	(PIC	14)
• Anévrysme	Pcomm G	– anegio-
embolisée J0
• Extubée J1	è alerte,	
désorientée,	ralentie,	
communique	par	phrases	
simples,	parésie	MSD	4/5
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Prise	en	charge	post-sécurisation

• Dysfonction	autorégulation	cérébrale	
• TAM	>	65	mmHg – pas	suffisant…
• HTA	spontanée	à	tolérer	et	maintenir	
post-induction

• À	risque	d’ischémie	cérébrale	retardée?
• Présence	d’ischémie	cérébrale	retardée?

We reserve its use for refractory DCI patients when
multiple vasoactive agents are required to attain
hemodynamic targets.
A starting systolic target ranging between 160 and

180 mmHg is usually selected, depending on the pa-
tient’s baseline blood pressure. Mean arterial pressure
(MAP) can be used as an alternative to systolic pressure,
as per unit standards. In poor grade patients with an
ICP monitor, induced hypertension should be targeted at
increasing CPP, which is the relevant perfusing pressure
of the brain. The target can then be increased stepwise in
a goal-directed fashion and titrated to clinical response,
which is usually linked to what triggered intervention in
the first place. In symptomatic patients with a reliable
clinical examination, the goal is resolution of symptoms.
In poor grade patients, clinicians must rely on available
monitoring, including reversal of changes in PbtO2, LPR,
and continuous electroencephalography. Once therapy is
instituted, absence of response in 30 min should trigger
an escalation of the BP target. Most centers use a maximal
target range of around 120 mmHg for CPP, 140 mmHg
for MAP, and 220 mmHg for SBP. Clinicians should
monitor for complications such as heart failure and myo-
cardial demand ischemia. Recent data confirm that pursu-
ing induced hypertension in patients with unruptured,
unsecured aneurysms is safe [65].

As far as de-escalation of hypertensive therapy is con-
cerned, the literature is devoid of guidelines. The au-
thors obtain at least a 24–48-hour window of stable
neurological condition before deescalating in a stepwise
fashion, monitoring for recurrence of ischemia. While
induced hypertension is now hardwired in clinical practice
and in every guideline, its impact on outcome has not yet
been submitted to the scrutiny of a RCT. This was the
aim of the HIMALAIA study (Hypertension Induction in
the Management of AneurysmaL subArachnoid haemor-
rhage with secondary IschaemiA) [66], a multicenter RCT
that was terminated in 2015 due to slow recruitment. This
termination confirms that it seems unlikely any such trial
will ever be conducted given the lack of clinical equipoise.

Volume optimization
As induced hypertension was embraced as a therapy
for symptomatic DCI in the 1980s, the concept of
hemodynamic augmentation for DCI evolved into a bun-
dle of hypertension, hypervolemia, and hemodilution: the
so-called “Triple-H” therapy [67, 68]. It has since become
apparent that the hypervolemia component is probably
useless and might actually be harmful [61]. In one clinical
trial, prophylactic hypervolemic therapy directed toward
maintaining elevated central venous pressure failed to
prevent DCI; the additional volume resulted in no net

Fig. 2 Stepwise approach to the treatment of active DCI from vasospasm. The order or the intensity of therapy must be adapted to each
situation. CI cardiac index, Hb hemoglobin, SBP systolic blood pressure
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Conclusion	

• Considérations	en	HSA	varient	en	fonction:

• Sévérité	du	saignement	
• Sécurisation	de	l’anévrisme	
• Présence	d’hydrocéphalie	ou	d’HTIC
• Mécanisme	d’HTIC	

• Présence	ou	période	à	risque	d’ischémie	cérébrale	retardée
• Étendue	d’atteinte	extra-cérébrale	
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En	somme…

• Considérations	à	ajuster	en	fonction	de	pathologie	et	évolution	
• Pas	de	« recette	neuro »	
• HTIC	n’est	pas	invariablement	présente	
• Littérature	en	évolution
• Individualisation	de	thérapie	
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