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  Learning objec5ve

										•  Describe	the	different	stages	and	evoluGon	of	concepts	in	

intravenous	thrombolysis	of	stroke	

•  List	stroke	thrombolysis	inclusion	and	exclusion	criteria		

•  Organize	rapid		clinical	assessment	for	evaluaGng	stroke	

•  Choose	appropriate	cerebral	vascular	imaging	

•  Describe	rtPA	side-effects	and	and	risk	factor	for	complicaGons		

	



INTRODUCTION
•  Ischemic	stroke	is	a	major	cause	of	mortality	and	morbidity		

•  Blockage	of	an	artery	in	the	brain	by	a	blood	clot.		

•  ThrombolyGc	drugs:	

•  can	restore	blood	flow	before	major	brain	damage	has	occurred		

•  improve	recovery	aPer	stroke	in	some	people.		

•  can	also	cause	serious	bleeding	in	the	brain,	which	can	be	fatal.		

•  Recombinant	Gssue	plasminogen	acGvator	(rt-PA),	is	licensed	for	use	in	selected	paGents	

•  PaGents	consulGng	during	the	first	hours	of	stroke	are	candidate	for	thrombolysis	and	could	take	an	

advantage	of	this	therapy.		

•  The	final	size	of	the	infarct	will	depend	on	the	extent	of	cerebral	ischemic	infarct	and	quality	of	care.	
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•  Decreased	cerebral	blood	flow,	resulGng	from	acute	arterial	occlusion,	

reduces	oxygen	and	glucose	delivery	to	brain	Gssue		

•  The	ulGmate	result	of	ischemic	cascade	is	neuronal	death.	

•  Degree	of	cerebral	blood	flow	reducGon:	not	uniform.		

•  Tissue	at	the	center	of	the	zone	is	typically	exposed	to	lower	blood	flow	

•  Ischemic	‘‘penumbra’’:	viable	but	dysfuncGonal	brain	Gssue,	oPen	

surrounding	a	zone	of	irreversible	damage		

•  Ischemic	‘‘penumbra’’:	infarcGon	in	the	absence	of	perfusion.	

•  RestoraLon	of	blood	flow	to	the	penumbra:	goal	of	thrombolyGc	therapy.		

Ra5onal for IVT
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Please save my ischemic 
penumbra!!!!!! 



3 hours 

As	Gme	passes,	more	and	

more	of	the	hypoperfusion	

zone	goes	on	to	infarcLon,	

and	the	relaGve	size	of	the	

penumbra	decreases.	

Ra5onal for IVT
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4 hours 

As	Gme	passes,	more	and	

more	of	the	hypoperfusion	

zone	goes	on	to	infarcLon,	

and	the	relaGve	size	of	the	

penumbra	decreases.	

Ra5onal for IVT
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24 hours 
Late	reperfusion,	may	be	

associated	with	hemorrhagic	

transformaGon	of	the	

infarcGon,	with	worse	

outcomes	than	those	

observed	in	the	absence	of	

reperfusion.	

Ra5onal for IVT
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•  THROMBUS:	plasminogen,	becomes	trapped	among	the	fibrin	strands	

that	consGtute	the	bulk	of	the	thrombus.		

•  ENDOGENOUS	t-PA,	cleaves	plasminogen	(surface	of	the	thrombus)	

releasing	acGve	PLASMIN	(Plasmin	begins	to	degrade	fibrin)	

•  The	process	conGnues	unGl	the	thrombus	is	lysed.		

•  Such	spontaneous	lysis	of	the	thrombus,	and	recanalisaGon	of	the	artery,	

do	not	occur	unGl	aPer	the	ischaemic	brain	has	become	infarcted.		

•  EXOGENOUS	thrombolysis	aims	to	rapidly	restore	blood	flow	by	lysing	

fresh	thrombi		before	the	ischaemic	brain	has	become	infarcted.		

•  Improvement	or	resoluGon	of	neurological	deficits	

	

ENDOGENOUS	 EXOGENOUS	

Ra5onal for IVT
INTRAVENOUS THROMBOLYSIS



NINDS	(1995):	

Study	QuesGon:	Does	tPA	reduce	morbidity	and	mortality	in	ischemic	stroke?	

Design:		mulGcenter	(8	US	centers),	double-blinded,	randomized	placebo-controlled	

N=624	NINDS	I:	291	-	NINDS	II:	333	

Inclusion:	acute	ischemic	strokes	presenGng	<3	h	from	symptom	onset	

Results		administraGon	of	tPA	w/in	3	h	from	symptom	onset	demonstrated	improved	neurologic	outcome	at	90	days		

Despite	greater	numbers	of	symptomaGc	ICH	in	the	tPA	group,	mortality	rate	was	not	staGsGcally	significant	between	

the	groups.	

ECASS	I	(1995),	ECASS	II	(1998),	ATLANTIS	A	(1999)	and	ATLANTIS	B	(1999):	confirmed	benefit	within	3	hours	of	onset		

	

Clinical trialsClinical trials
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ECASS	III	(2008):	
Study	QuesGon:	Is	administraGon	of	tPA	in	acute	stroke	3-4.5	h	aPer	symptom	onset	safe	and	effecGve?	
Design:	RCT,	n=821	
Same	inclusion/exclusion	as	NINDS,	but	with	addiGonal	exclusions	below:	

baseline	NIHSS	score	>25,	use	of	any	oral	anGcoagulant,	combined	history	of	DM	and	prior	stroke	

Results:	

IV	tPA	demonstrated	improved	neurologic	outcome	at	90	days	when	given	within	3-4.5	h	aPer	symptom	onset	(NNT=	14).		
Despite	a	greater	incidence	of	intracranial	hemorrhage	in	the	tPA	group	(NNH=11),	there	was	no	significant	difference	in	mortality	between	groups.	

IST-3	(2012):	
Largest	RCT	of	tPA	use	in	acute	stroke	to	date	n=	3035	
Inclusion	criteria	broadened	to	include	pts	>	80	yo	and	a	wider	BP	range	(SBP	90-220;	DBP	40-130)	
Results:		
AdministraGon	of	IV	tPA	in	acute	stroke	within	6	hours	did	not	demonstrate	improved	funcGonal	neurologic	outcome	at	6	months.		
High	incidence	of	symptomaGc	ICH	in	the	tPA	group.			

IST-3	(2012):	confirmed	benefits	of	prior	trials	for	up	to	4.5	hours	of	onset;	advised	thrombolysis	aged	over	80	years	old		

	
		

	

	

Clinical trials
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Meta-analysis	(8	first	clinical	trials)	3670	thrombolysed	paLents	
• 	benefit	more	important	as	the	paGents	were	thrombolysed	early	

• 	"Lost	Gme	is	lost	brain"	(!me	lost	is	brain	lost)		
• 	The	benefit	gradually	decreases	with	the	extension	of	the	delay.		

• 	<90	min	x	2.5	the	chances	of	1	excellent	result.		

• 	1h	30	min-3	h,	increases	1.6	x	the	chances	of	1	excellent	result.	

• 	3	h	and	4h	30	min	Results	were	slightly	lower	between.		

• 	4	h	30	min-6h	Not	staGsGcally	significant	between.		

• 	Treatment	delayed	by	10	min:	lost	benefit	for	1%	of	treated	paGents			

• 	Mortality		Reduced	by	22%	if	treatment	<90	min.			

• 	Mortality	increases	by	13%	between	1h	30	min-3	hours			

• 	Mortality		increases	by	22%	between	3	h	and	4	h	30	min	NS.			

• 	mortality	significantly	increased	by	49%>	4	h	30	min	(risk	exceeds	benefice).		

Clinical trials
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Meta-analysis	in	2014,	Emberson	J	Lancet.	2014		

		

6756	paGents	(RCTs)	Benefit	of	the	rtPA	according	to	the	delay,	of	

advanced	age	the	iniGal	severity	of	the	stroke.			

Regardless	of	age,	ini:al	severity	and	despite	an	increased	risk	of	

fatal	intracranial	hemorrhage,		

rtPA	improves	overall	odds	of	a	good	outcome	when	administered	

within	4.5	hours			

Earlier	treatment	is	associated	with	be?er	results	

Clinical trials
INTRAVENOUS THROMBOLYSIS



2019	Metaanalysis	of	3	trials:		
EXTEND,	ECASS4-EXTEND,	and	EPITHET.	

• 	PaGents	with	IS	4.5–9	h	aPer	stroke	onset	or	with	wake-up	
stroke	with	evidence	of	salvageable	brain	Lssue	using	CTP		

or	perfusion-diffusion	MRI	who	were	given	IV	alteplase	

have	improved	funcGonal	outcomes/	placebo.		

• 	Increased	risk	of	symptomaGc	ICH,	but	not	offset	the	net	

benefit	of	thrombolysis.	

• 	The	benefit	to	risk	raGo	seems	to	be	larger	in	paGents	who	

meet	automated	perfusion	mismatch	criteria.	
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Fibrinoly5c drugs: ALTEPLASE

• Alteplase	(acGvateur	Gssulaire	du	plasminogène	–	tPA)		
•  50	mg	-	20	mg	-	10mg	
• Dose	0,9mg	/kg	(max	90	mg)	

•  10%	as	a	bolus	in	1	minute	
•  90%	as	a	conGnuous	infusion	over	60	min		
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ATTEST	study	Huang		Lancet	2015	

•  Alteplase-Tenecteplase	Trial	Evalua!on	
for	Stroke	Thrombolysis	(104:52/52)	

•  tenecteplase	0·25	mg/kg	VERSUS	alteplase	0·9	mg/kg.	

•  No	difference	

NORTEST	study	Logallo	Lancet	2015	

tenecteplase	0·4	mg/kg		versus	alteplase	0·9	mg/kg	

1100	paGents	

tenecteplase	(n=549)	alteplase	(n=551)	

Rankin	0-1	64%	versus	63%	Similar	safety	efficiency	profile	

Fibrinoly5c drugs: TENECTEPLASE
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Pa5ents selec5on

Inclusion	criteria	 Exclusion	criteria	
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Minor stroke : Case 1

Mr	L.F,	52	years	old,	journalist		

history:		Chronic	smoking		

18/05/2018	at	10.00	pm	right	hemiplegia		with	facial	asymmetry.		

Arrived		to	the	emergency	room	at	11:50pm	(OTD:	1h50min)	

	Improvement	during	the	transport	

BP	=	130/90	-	capillar	glycemia	=	1.06	g/l	-	T	=	36.8	°		

Right	hemiparesis	+	moderate	facial	paralysis		

NIHSS	=	3	(F1,	RLL1,	RUL1)	

•  RIMS:	rapidly	improving	and/or	mild	symptoms		

		The	rapid	improvement	in	symptoms	was	defined	as	
an	NIHSS	score	<4	which,	by	a	previous	examinaGon,	
showed	a	more	severe	deficit.	

•  END:	early	neurological	deteriora!on	

•  ENDIE:	early	neurologic	deteriora:on	with	infarct	expansion	
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• NIHSS	=	3	(F1,	RLL1,	RUL1)	
• ASPECTS	at	10		
• EKG:	normal	
• Biology:	normal	
• Delay:2h	

	 	 	?	

Minor stroke : Case 1
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•  Occlusion	of	the	M1	segment		
•  thrombus	11.3mm	extended	leP	ACM		
•  Collaterality	+	
•  RIMS:	rapidly	improving	and/or	mild	symptoms		
•  WITH		
•  LARGE	VESSEL	OCCLUSION	



•  Decision:		
Thrombolysis	by	TNK	0,25	mg/kg	
(4000UI)	at	00h10	aPer	2h10	du	délai	
•  EvoluLon:	
Improvement	(no	«	early	neurological	
deteriora:on:	END	»)	

NIHSS	at		1	aker	24	h	(F1).	

Minor stroke : Case 1
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39 RIMS (no reperfusion) 
4/39 ENDIE (10%) 
8/39 mRS>3

2006	
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Recent stroke : Case 2

•  63	year	old	man	

• Right	Hemiplegia	

• NIHSS	at	15	

• OTD	2h30min	

•  Lek	MCA	stroke	7	days	ago	(Aphasia)	
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•  63	year	old	man	

•  Right	Hemiplegia	

•  NIHSS	at	15	

•  OTD	2h30min	

•  Lek	MCA	stroke	7	days	ago	

(Aphasia)	

•  NO	IVT	

Recent stroke : Case 2
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MRI 5 hours a\er MT

Endarteriectomy	48	hours	laters	
NIHSS	at	4	(aphasia	+	hemianopia)	
mRS	3	mois:	0	

D7





•  IniGal	evaluaGon	in	the	ER	should	focus	on	establishing	

whether	the	paLent	is	eligible	for	reperfusion	therapy.		

•  Necessary	informaGon:		

•  Time	the	paGent	was	last	known	to	be	well	

•  Medical	condiLons	or	recent	surgery	that	could	CI	IVT	

•  Neurologic	examinaGon	to	calculate	the	NIHSS	score	

•  A	capillary	glucose	level	

•  Blood	pressure	

•  Brain	imaging	(CT	scan	with	or	without	a	CT	angiogram)	

INITIAL  EVALUATION
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Modified Rankin Score (mRS: 3 months)

0	-		No	symptoms	at	all	

1	-		No	significant	disability	despite	symptoms:	able	to	carry	out	all	usual	duLes	and	acLviLes	

2	-	Slight	disability:	unable	to	carry	out	all	previous	acLviLes,	but	able	to	look	aker	own	affairs	without	assistance	

3	-	Moderate	disability:	requiring	some	help,	but	able	to	walk	without	assistance	

	4	-	Moderate	to	severe	disability:	unable	to	walk	without	assistance,	and	unable	to	amend	to	own	bodily	needs	without	assistance	

	5	-	Severe	disability:	bedridden,	inconLnent,	and	requiring	constant	nursing	care	and	amenLon	

6	-		Death	
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Non Contrast CT
• Normal	(negaGve	NCCT)	
•  	Showing	early	ischemic	changes,	which	can	be	detected	in	the	
majority	of	paGents	with	careful	awenGon		

•  HypoaQenua:on	
•  Hypodensity	

EVALUATION: IMAGING
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• 	ASPECTS	<7		
• 	no	thrombolysis:		
• 	high	risk	of	bleeding		
• 	high	risk	of	
dependency	

• 	ASPECTS	>7	
thrombolysis:	

• 	good	prognosis	



L	 I	

M1	

M2	

M3	

ASPECTS	=	5	(<7)	
NO	

THROMBOLYSIS	



L	 I	

M1	

M2	

M3	
C	

M4	

M5	

M6	

ASPECTS	=	1	(<7)	
NO	IVT	



CT Angiography
• Occlusion	site	
•  	thrombus	size		
• CollateraliGes	+++	

EVALUATION: IMAGING
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CT Perfusion

EVALUATION: IMAGING

MRI - MRA

Roldan-Valadez	Indian J Med Res 2014 
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Stroke mimics

Common	disorders	other	than	stroke	that	may	present	
with	an	acute	neurological	deficit	

Stroke	mimics:		17.9%	(56/313)	
•  Post-stroke	epilepsy	(46.4%)	
•  Conversion	disorders		(26.8%)		
•  Hypoglycemia	(10.7%)	
•  Brain	tumors	(10.7%)	
•  Chronic	subdural	hematoma	(1.8%)	
•  CO	intoxicaGon	(1.8%)		
•  Cavernoma	(1.8%)	

Seizures 

Conversion 
disorder 

Hypoglycemiae  

Brain tumor 

313	paLents		

INTRAVENOUS THROMBOLYSIS



Thrombolysis side effects and complica5ons

• Allergic	rash		

• Bronchospasm	

•  Severe	Hypotension	

• AnaphylacGc	reacGon	

• Bleeding/ICH		

INTRAVENOUS THROMBOLYSIS

Diestro, J. D. B.,. Journal of Stroke and Cerebrovascular Diseases.2019 in 
press	



How to increase the number of IVT?

• Reducing	prehospital	delay	
• Reducing	intrahospital	delay	
•  Increase	delay	beyond	4.5	hours	for	selected	paGent	(mismatch:	
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Rohit	BhaGa	et	al.	Low	rates	of	acute	recanalizaGon	with	intravenous	rt-PA	in	ischemic	stroke,		Stroke	2010	

Groupe	1	CaroLd	int	
NIHSS=	19+/-	6	
RecanalisaGon:	31%	
Mortalité:	56.3%	
Mortalité	non	recan	(72.7%)	

Groupe	2		ACM	M1	
NIHSS=	15+/-	5	
RecanalisaGon:	63%	
Mortalité:	27.5%		
Mortalité	non	recan	(36.8%)	

Groupe	3		ACM	M2/M3	
NIHSS=	10+/-	6	
RecanalisaGon:	72.7%	
Mortalité:	0%		
Mortalité	non	recan	(0%)	

 
LIMITS OF THROMBOLYSIS
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IVT+MT: Case 3

74	year	old	paGent		

19/02/2019	at	6:00	pm	leP	

hemiplegia		with	facial	asymmetry.		

	Emergency	room	at	7:10	pm	(OTD:	

70	min)	

NIHSS	=	17	

EKG	normal		

Biology	normal	

•  ASPECTS:	10		
•  NIHSS	17	19h30	(1H30min)		

•  PaGent	thrombolysed	with	
5000	IU	of	Metalyse	(0.4	mg	/	
kg)	at	19:40	(OTT	1:40).		

•  EvoluGon	no	improvement		

•  NIH	score	remained	at	17		

•  The	decision	was	to	perform	
MT	



IVT+MT: Case 3
• PaGent	installed	for	angiography		at	21:30	(50	
minutes	aPer	IVT).		

• He	recovered	4	points	on	the	table	(PF:	1,	MS:	2,	MI:	
1,	Dysarthria:	1)		

• He	was	sedated	by	the	agitaGon.	

•  No	thrombectomy		
•  Full	recanalizaLon	by	

IVT	alone		
•  NIHSS	score	from	17	to	

1	(LUL1).		
•  CT	control:	parGal	

superficial	sylvian	
stroke	

•  NIHSS	from	1	to	0	aPer	
24	hours.	



IVT     MT

TIV	+	MT>>>	TIV	seule	

MR CLEAN, ESCAPE, 
REVASCAT, SWIFT 
PRIME, EXTEND IA 	

IVT before Mechanical Thrombectomy
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EXTEND-IA TNK	

RESULTS 	
Of 202 patients enrolled, 101 were assigned to receive tenecteplase and 101 to receive 
alteplase. The primary outcome occurred in 22% of the patients treated with 
tenecteplase versus 10% of those treated with alteplase (incidence difference, 12 
percentage points; 95% confidence interval [CI], 2 to 21; incidence ratio, 2.2; 95% CI, 1.1 
to 4.4; P=0.002 for noninferiority; P=0.03 for superiority). Tenecteplase resulted in a 
better 90-day func- tional outcome than alteplase (median modified Rankin scale score, 
2 vs. 3; common odds ratio, 1.7; 95% CI, 1.0 to 2.8; P=0.04). Symptomatic intracerebral 
hemorrhage oc- curred in 1% of the patients in each group. 	
CONCLUSIONS 	
Tenecteplase before thrombectomy was associated with a higher incidence of 
reperfusion and better functional outcome than alteplase among patients with ischemic 
stroke treated within 4.5 hours after symptom onset. 	

IVT(TNK)	+	MT>	IVT(rtPA)	+	MT>>>	TIV	alone	

IVT	+	MT>>>	IVT	

OR	

?	



•  The	fibrinolyGc	process	of	IVT	could	increase	the	
speed	and	chances	of	success	of	TM	reperfusion		

•  Reduce	the	number	of	passages	required	with	a	

retriever	stent	and	decrease	the	frequency	of	

microvascular	thromboses		

•  PaGents	of	distal	occlusions		

•  TIV	alone	may	have	recanalizaGon,	avoiding	the	

use	of	TM.	

•  IVT	may	increase	the	risk	of	bleeding	

complicaGons		

•  IVT	can	result	in	thrombus	fragmentaGon,	

reducing	the	effecGveness	of	TM	in	achieving	

complete	reperfusion	of	distal	vessels.		

•  IVT	may	delay	the	start	of	the	TM	procedure,	

(primary	center	/	full	center)	

•  IVT	is	an	expensive	therapy	

TIV + MT/MT alone ?



SWIFT	DIRECT	



  Key messages: IVT

•  IVT	has	been	shown	to	improve	acute	stroke	outcomes	if	given	within	4.5	hours	of	

symptom	onset.		

•  IVT	beyond	4.5	hours	for	selected	paGents	

•  Time	from	symptom	onset	remains	criGcal	

•  Bewer	paGent	selecGon	and	triage	criteria:	to	reduce	risk	and	increase	efficacy	

•  Centers	must	develop	an	organized	response	to	acute	ischemic	stroke	with	clinical	

protocols	and	quality	of	care	assessment	tools.		
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