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Where in the world is The Netherlands?

Total N 16,920,700

Population density 1050 / sq mile

Autostrada 3025 miles

Autostrada

density

94 miles/1000 sq

miles

Hospitals 90

Intervention 

centers
16

Acute ischemic 

stroke
20,000 / year
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Published randomized trials of intra-arterial treatment

Á1st wave:   PROACT I and PROACT II

ÅLandmark studies

ÅIntra-arterial thrombolyticsandguidewire

manipulation

Á2nd wave: IMS III, MR RESCUE and SYNTHESIS

ÅLargerstudies

ÅMechanicaldevices



3d wave studies

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

THRACE, PISTE 

Å2nd generationmechanicaldevices: retrievablestents

Å1 studyusedaspirationonly

ÅRestrictedtime window

ÅConfirmedthromboembolicintracranialocclusion

ÅSomekind of patient selection



Why start a new trial in 2010?

Å Improved patient selection through 

widespread availability of CTA

ÅFast access to treatment through 

good infrastructure

ÅAvailability of promising new 

treatment modality: Retrievable 

stents
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The studies: size and inclusion / exclusion criteria

Trial N Time

window

Age 

limit

NIHSS Collateral

score

Penumbra Ischemic

core

Thrombus

length

MR CLEAN 500 <6 hrs ṍ >2 ṍ ṍ ṍ ṍ

ESCAPE 315 <12 hrs ṍ ṍ ṉ ṉ ṉ ṍ

EXTEND-IA 70 <6 hrs ṍ ṍ ṍ ṉ ṉ ṍ

SWIFT PRIME 196 <6 hrs 85 8-29 ṍ ṉ ṉ ṍ

REVASCAT 206 <8 hrs 85 >5 ṍ ṍ ṉ ṍ

THERAPY 108 3+ hrs 85 >7 ṍ ṍ ṍ ṉ

THRACE 402 <5 hrs 80 10-25 ṍ ṍ ṍ ṍ

PISTE 65 <4.5 hrs ṍ ṍ ṍ ṍ ṉ ṍ



The studies: baseline characteristics

Trial N Onset to

groin

(minutes)

Age 

(yrs)

NIHSS

(points)

MR CLEAN 500 260 66 17

ESCAPE 315 185 70 16

EXTEND-IA 70 210 69 15

SWIFT PRIME 196 196 65 17

REVASCAT 206 269 66 17

THERAPY 108 227 68 17

THRACE 402 250 67 17

PISTE 65 200 66 16



Aim of MR CLEAN

To assess the effect of intra-arterial treatment on functional outcome after 

acute ischemic stroke caused by intracranial arterial occlusion,

against a background of best medical management.

Best medical management could include IV tPA.
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Questions 
Å Does the treatment work and is the treatment safe?

ÅIs there a long term benefit?

Å Is treatment effect influenced by:

ÅAge

ÅStroke Severity

ÅTime?

ÅWhat is the role of imaging

ÅOcclusionlocation

ÅInfarct core

ÅPenumbra

ÅCollaterals 

ÅCervical carotid obstruction

Å Type of mechanical treatment, tPApretreatment?

Å Use of general anesthesia?



Is the treatment safe?

Goyal et al. Lancet  2016



Is the treatment efficacious? Imaging outcomes

Trial mTICI 2b/3

MR CLEAN 59%

ESCAPE 72%

EXTEND-IA 86%

SWIFT PRIME 88%

REVASCAT 66%

THERAPY 70%

THRACE 69%

PISTE 77%*
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Is the treatment efficacious? 
Neurological outcomes

Goyal et al. Lancet  2016



Is the treatment effective?
Modified Rankin Scale score

Goyal et al. Lancet  2016

Adjusted cOR 2·49, 95% CI 1·76ï3·53; p<0·0001) 



Additionalevidence



All cause mortality in MR CLEAN

ÁVital status at 2 years obtained in 459 patients

Intervention

(212)

Control 

(247)

ARR (95 % CI)

59 (27.8%) 82 (33.2%) 5.4 (-3.1-13.8)

	

Van den Berg et al. Submitted



	

Primary outcome at 3 months and 2 years

acOR: 1.68, 

95% CI: 1.15 to 2.45

acOR:1.67, 

95% CI:1.21 to 2.30

90 days

2 years

Van den Berg et al. Submitted



Which patients benefit?

Goyal et al. Lancet  2016



Age at baseline

Goyal et al. Lancet  2016



NIHSS at baseline

Goyal et al. Lancet  2016



Time from onset to groin puncture

Effect of treatment diminishesrapidly
with time.  

For everyhour the proportion of 
patientswith goodoutcome
decreasesandthe absolute benefit of 
treatment is reducedby 4-5%.

Pinteraction = 0.07

Saver et al. JAMA 2016



Occlusion location

Goyal et al. Lancet  2016



Occlusion location

Goyal et al. Lancet  2016



Occlusion location

Goyal et al. Lancet  2016



Infarct core

Goyal et al. Lancet  2016



Infarct core

Goyal et al. Lancet  2016



Infarct core and mismatch on CT-P

ÅNo selectionbasedon CTP in MR 

CLEAN

ÅCTP images were processedafter

inclusion

ÅAssessment was maskedfor

treatment allocationandoutcome

ÅNo interactionbetweenmismatch 

or infarct coreandtreatment effect

Borst et al. Stroke 2015



Collaterals on CTA

cOR

1.0

1.2

1.7

3.2

P =0.038

Berkhemer et al. Stroke 2016



Extracranial carotid obstruction



	 Extracranial	carotid	obstruction	

	 Present	(N=162)	 Absent	(N=314)	 No	carotid	data	

available	

(N=24)	

Age	-	median	(IQR)	 64	(55-76)	 66	(56-77)	 63	(53-74)	

Male	sex	-	n	(%)	 117	(72	%)	 163	(52	%)	 12	(50	%)	

NIHSS	-	median	(IQR)	 17	(14-21)	 18	(14-22)	 21	(16.5-24.5)	

Clinical	localization:	Left	hemisphere	-	n	(%)	 87	(54	%)	 166	(53	%)	 16	(67	%)	

Atrial	Fibrillation	-	n	(%)	 35	(22	%)	 94	(30	%)	 6	(25	%)	

	

Clinical Characteristics at Baseline
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nECO

ECO

pinteraction= 0.12 

acOR: 2.8 (95%CI 1.5 to 5.2) 

acOR : 1.3 (95%CI 0.9 to 2.0) 
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>50% 

stenosis

pinteraction 0.04 

Ò50% 

stenosis

acOR: 5.4 (95%CI 1.7 to 17.2) 

acOR: 1.4 (95%CI 1.0 to 2.0) 



Which technical approaches are most 
effective?

ÅMechanicalthrombectomywith

retrievablestents has proven its

worth.

ÅType of retrievablestent does not

seemto beof major influence

ÅEven first generationmechanical

devicesseemto beeffectivein well 

selectedpatients. 

Demchuk et al. Radiology 2014

N=124

N=31

N=40

Dippel et al. Stroke 2016



Is mechanical thrombectomy effective without 
tpA pretreatment?

Goyal et al. Lancet  2016

Pinteraction: 0.43



Is it onlystent thrombectomythat works?

aspiration



The role of General Anesthesia

500 patients were included in 
the MR CLEAN trial

233 allocated to IAT 267 allocated to control

137 Non-GA79 GA

216 entered angiosuite

17 did not reach 
angiosuite

266 standard tx
1 received IAT under GA



Clinical characteristics at baseline

Characteristics GA (N=79) Non-GA (N=137)

Age in years - median (IQR) 63 (52-75) 67 (57-76)

Male sex –n (%) 47 (59%) 79 (58%)

NIHSS score - median (IQR; range)
18 (15-21;4-

30)
17 (14-21;4-30)



Time intervals 
GA 

(N=79)

Non-GA 

(N=137)

Difference 

(95% CI)

Door to start IAT 162 (69) 134 (60) 28 (10 to 46)

Randomization to start IAT 64 (29) 50 (32) 14 (6 to 23)

Procedural duration 76 (35) 79 (41) -4 (-15 to 7)

Onset to revascularization 348 (80) 334 (86) 14 (-10 to 38)



Safety parameters GA (N=79)
Non-GA 

(N=137)

Death

Within 7 days –n (%) 12 (15%) 18 (13%)

Within 30 days –n (%) 14 (18%) 26 (19%)

Vessel perforations –n (%) 0 (0%) 2 (1.7%)

Procedure related dissections –n (%) 2 (2.6%) 2 (1.8%)

Conversion to GA –n (%) - (-) 6 (4.4%)



Serious Adverse Events
GA 

(N=79)

Non-GA 

(N=137)

Patients with at least one SAE ïn (%) 43 (54%) 57 (42%)

Symptomatic ICH ïn (%) 6 (8%) 11 (8%)

Parenchymal hematoma type 2 (PH2) ï

n (%)
5 (6%) 8 (6%)

Pneumonia ïn (%) 11 (14%) 13 (9%)



Primary outcome in the MR CLEAN trial

Common adjusted odds ratio:  1.67 (95% CI:1.21 to 2.30)



Effect on GA/Non-GA on the Primary outcome

Common adjusted odds ratio Non-GA vs Control = 2.13 (95%CI 1.46 ï3.11)

Common adjusted odds ratio GA vs Control = 1.09 (95%CI 0.69 ï1.71)

P = 0.013



Effect on GA/Non-GA on good functional outcome (mRS 0-2)

Adjusted odds ratio Non-GA vs Control ï2.79 (95%CI 1.70 ï4.59)

Adjusted odds ratio GA vs Control ï1.09 (95%CI 0.56 ï2.12)



THRACE and SIESTA

THRACE

GA in 49% CS in 51%

No difference in reperfusion

No difference in functional outcome 

Siesta

Conscious sedation vs GA
N=150
No advantage of GA or CS 

Schöndorfer et al Jama 2016



Time is brain: improve your workflow

Pre-hospital
ÅPre-notification
ÅTriage

In-hospital
ÅNeuro-imaging 24/7 available and 

ready
ÅWork in parallel (neuro/radio 

teams)
ÅHave angiosuiteprepared
ÅAvoid intubation
ÅHave a thrombectomyset ready
ÅStart immediately

Benchmarks
Time from door to groin:
60 minutes

Time from imaging to groin:
50 minutes



Take home messages

Å Intra-arterial treatment, by means of stent thrombectomy, is safe andveryeffective

for patientswith a proximalintracranialthrombo-embolicocclusionin the anterior

circulation. 

Å Long term resultsare encouraging: treatment effect is still present at 2 years

Å The treatment effect is equallylarge for patientswho have been treated with iv-tPA

andfor patientswho werenot eligiblefor iv-tPA.

Å Time is crucial, for everyhour delay, the benefit of treatment diminishesrapidly.

Å Selectionof patientsshouldbe basedon time andfast imaging of brain tissue and

extra/intracranialvessels.


