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Ischemic
Stroke 

85%

Intracerebral
Hemorrhage

10%

Subarachnoid 
Hemorrhage 

5%

Stroke is the leading cause of death and disability 
worldwide



Top most priority is 

needed for AIS

?



USA
By 2030 ~ 4% of the 
US population over 
the age of 18 is 
projected to have 
had a stroke

Affects ~ 800, 000 
people per year

Leading cause of 
disability, cognitive 
impairment, and 
death



AIS should also be addressed 
more aggressively, 

In 
each of our referral hospital

And

“Stroke ready” setup in 
tertiary hospitals



Evidence-based Treatment for 
Acute Ischemic Stroke 

upto 2015

3-4.5 hrs:

IV tPA 0.9mg/kg, 0.6 mg/kg

< 6 hrs:    

IV tPA 0.9 mg/kg + IA thrombectommy



IV tPA only

Saver et al Stroke 2009;40:2433-37

1–3 Hours 3–4.5 Hours

NINDS tPA Trials ECASS 3 

Trial 

Benefit per 100 32.3 16.4

Harm per 100 3.3 2.7



AIS: Pathophysiology

No Collateral 
circulation

– CBF reduces sharp

– Treatment window 
is less

– Reflex hypertension 
and 
Microcirculatory 
change CBV, CBF, 
TTP, CMRO2

– Keeps the brain 
fighting for survival

After AIS it is not the 
clock, but the 
biological clock that 
determines whether 
the 

brain is surviving or 
not. 

And that is the 
determinants of 
thrombectomy 
outcome

Very good 
collaterals

– Depending on 
place of Occlusion  
the collaterals can 
be 

– Pial, CW, 
Transosceous

– Penumbra persisit
and treatment 
window is prolong



Stages of impaired cerebral circulation 

CBF indicates cerebral blood flow; 
CBV, cerebral blood volume; 
OEF, oxygen extraction fraction; 
CMRO2, cerebral metabolic rate for 
oxygen; 
CVR, cerebrovascular reserve. The stages 
are referenced to the changes in OEF. 

Stage I, OEF is unchanged. 

Stage II, OEF begins to increase. Whether 
the increase is linear is unknown. 

Stage III, OEF declines again. Solid lines 
show changes that are known and 
dashed lines, those that are postulated.

Need to Understand This Graphic



Pathophysiology: Concept of PENUMBRA and mismatch



Time is Brain
Core =Diffusion deficit
Penumbra= Perfusion 
deficit

More the penumbra 
more the mismatch 

better the outcome, i.e.
Mismatch is brain



• Stroke Imaging

ASPECTS  (CT/MRI)



Imaging options for acute stroke: Overview

The presence of a small dots 
in SWI MRI– micro 

haemorrhages

Objective is to find out 
Diffusion perfusion/cliniclal mismatch,
The more the mismatch better the outcome



Body response to AIS
Increase BP,
Pial Collaterals
Circle of WILLIS
Microcirculatory change: 

CBF, CBV, TTP, CMRO2

Fight between 
body response 
and AI insult.
Lets see who 
wins and give 

us time for 
thrombectomy.

Are we 
prepared?



THROMBECTOMY: How it is done



Effectiveness of IV TPA+IA Thrombectomy

Trials

90d mRS 0-2 Mortality TICI 2b-3

Control IA Control IA IA

MR CLEAN 19% 33% 22％ 21％ 59%

ESCAPE 29% 53% 19％ 10％ 72%

EXTEND-IA 40% 71% 20％ 9％ 86%

SWIFT PRIME 36% 60% 12％ 9％ 88%

REVASCAT 28% 44% 16％ 18％ 66%

THERAPY 30.4% 38%

THRACE 42.1% 54.2% 13.1% 12.5%

EAST 28.6% 53% 4.4% 8.3% 90.4%



After AIS If any study show us

Good candidate for thrombectomy, 

With favourable outcome

Calculate diffusion 
perfusion mismatch 

and volume of 
ischemic tissue

An initial infarct size 
of less than 70 ml, 
and a ratio of the 
volume of ischemic 
tissue on perfusion 
imaging to infarct 
volume of 1.8 





After AIS If any study show us

Good candidate for thrombectomy, 

have favourable outcome





RAPID software

Calculate Volume of infarct and ratio in 5 minutes
Also gives us updates in mobile where ever we are



Beyond 12 hrs, 16 hrs? Possible?

D WI/PWI 

E volution

F or 

U nderstanding

S troke

E valuation 

DEFUSE 3 
6-16 hours

DAWN 
6-24 hours

Game 
changer





DEFUSE 3

Patients 6 to 16 hours and who had remaining ischemic brain tissue 
that was not yet infarcted. 

Patients with proximal middle-cerebral-artery or internal-carotid-
artery occlusion, 

An initial infarct size of less than 70 ml, and a ratio of the volume of 
ischemic tissue on perfusion imaging to infarct volume of 1.8 or more 
were randomly assigned to 

endovascular-therapy group



DAWN trial 
Treating stroke 6 to 24 last known well

• Mechanical thrombectomy with the

– Trevo Retriever plus 

– medical management leads to superior clinical 
outcomes at 90 days as

• compared with medical management alone in 
acute stroke patients treated 6 to 24 hours 
after last seen well. 



DEFUSE 3 OUTCOME



DAWN Outcome



• Messages for all of us

•

Identify patient early

• The earlier, the more options we have

• Define mismatch and select the case for 
thrombectomy

• After DAWN and DEFUSE 3: 

– We should not give up patients with AIS; we 
should search for mismatch.



Where we are
How can we proceed?

Team Work



Team Work

Internist,

Neurologist

Neuro interventionist 24/7

Radiologist, CT, MRI 247

Neurosurgeon

Rehab

Paramedics,

ER staff

Work closely with

Policy makers

Social Workers,

Media

Time is passing

Time is Brain 

Mismatch is Brain



• National Guideline re management of AIS

• Selection of centers ready for thrombolysis and 

secondary prevention

• Selection of centers/Medical Colleges to make them 

Stroke Ready hospital having all the fascilities

including cathlab keeping catchment area and 

transportation in mind

• Stroke Alarm whenever a patient with AIS is on way.



• Setup stroke center and 
selection of catchment area

• Calculate Expected manpower 
INR personnel in particular and 
generate/train accordingly

• Satellite clinic, regular meeting 
with them

• Awareness
• Patient Transport
• Treatment Cost



Thank You



shows areas of increased time to peak (TTP) 
which correspond to decreased flow and 
volume. 

For TTP, higher scale (red) means longer TTP 
(compromised), and lower scale (blue) means 
shorter TTP (intact). 

For CBF (cerebral blood flow), higher scale 
(red) means faster flow (preserved), and lower 
scale (blue) means less flow (compromised). 

For CBV (cerebral blood volume), higher scale 
(red) means more volume (generally 
preserved), and lower scale (blue) less volume 
(generally compromised). 


