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Acute ischemic stroke

¨ Stroke is a major cause of death and disablity
¨ Even if an individual survives a stroke, can lead to permanent 

impairment
¨ Early and proper stroke treatment associated with better outcome



Acute ischemic stroke

Penumbra

1.Excitatory neurotransmitter release à Ca2+ released
2.Oxidative stress
3.Inflammation

Cell death

Core

Reperfusion 
Restoration blood flow
Tissue protection

Reversible ischemia



Acute ischemic stroke

Stroke is treatable 
Stroke is preventable

Time is importance 

Time loss is brain loss

How to safe time?



AHA/ASA guideline 2013

AHA/ASA guideline 2015

AHA/ASA guideline 2016



Stroke Chain of Survival

1. Detection
2. Dispatch
3. Delivery

4. Door
5. Data
6. Dicision
7. Drug
8. Disposition

Advanced cardiac life support stroke chain of survival 

AHA stroke system

Stroke. 2013;44:870-947. 

“8D”



1. Detection
2. Dispatch

Activating emergency medical services à Call 1669
3. Delivery

Recognizing the signs and 
symptoms of an acute stroke

Pre-arrival informations: Patient’s age
• Last seen normal 
• Medical history and baseline mental status

Stroke Chain of Survival

Stroke. 2013;44:870-947. 



ER physician and stroke team
• Prompt assessment and diagnosis
• Physical and neurological examination
• Vital signs
• NIHSS Hypoglycemia

Seizure
Syncope
Migraine

Brain tumor
Toxin

CNS infection

Stroke Chain of Survival

1. Detection
2. Dispatch
3. Delivery

4. Door
5. Data
6. Dicision
7. Drug
8. Disposition

Rule out stroke mimics

Protocal
• Laboratory test: POCT, CBC, 

coagulogram, blood chemisty
• EKG 12 lead
• CT brain non contrast



NIHSS The National Institutes of Health Stroke Scale

Stroke. 2013;44:870-947. 

Total 42

Score Severity

0-4 Minor stroke

5-15 Moderate stroke

16-20 Moderate to severe stroke

21-42 Severe stroke

Tips: do not coach patient à 1st thing 
the patient done
Do not think what patient can or can’t 
do à just scale by objective test



NIHSS The National Institutes of Health Stroke Scale



NIHSS The National Institutes of Health Stroke Scale

1st answer 
Do not count if 
repeat answer

Tips: ให้ทำท่าไปด้วยพร้อม
บอกคนไข้ ให้รับ sensory 
input จากท่าทางด้วย



NIHSS The National Institutes of Health Stroke Scale

Tip: patient 
incooperate: use VOR 
or observe eye 
movement tracking 
examiner face



NIHSS The National Institutes of Health Stroke Scale



NIHSS The National Institutes of Health Stroke Scale

Tip: ต้องทำ 3 ท่า
If not co-operative 
use noxious stimuli 



NIHSS The National Institutes of Health Stroke Scale

Tip: Start test with non paralytic arm
Use pantomine ให้ทำท่า จับแขนคนไข้ตั้งได้ นับ 

1-10 ให้คนไข้ฟัง



NIHSS The National Institutes of Health Stroke Scale

Tip: Scale3: shoulder movement : OK
** Pt. coma (1A=3 à score 4)



NIHSS The National Institutes of Health Stroke Scale



NIHSS The National Institutes of Health Stroke Scale

Tip: score2 (2limb = leg+arm or 2 legs or 2 arms)
** ataxia out of proportion to weakness, patient 1A=3 à score 0 ataxia



NIHSS The National Institutes of Health Stroke Scale

Tip: sensation test pinprick: 3 level (face, arm, leg) 
if no feeling à noxious stimuli test (nail bed)





NIHSS The National Institutes of Health Stroke Scale
Describe: fluency



NIHSS

Naming object



Read



NIHSS The National Institutes of Health Stroke Scale

Tip: patient 1A=3 à score 2 dysarthria



Read

Dysarthria



NIHSS The National Institutes of Health Stroke Scale

Tip: stimuli touch 3 location (face, arm, leg)
Visual or auditory



NIHSS 



Stroke. 2005;36:2121-2125. 

NIHSS scores = 10 à PPVs occlusions 
in 97% of carotid and 96% of 
vertebrobasilar strokes
NIHSS score =12 à PPV to find a 
central occlusion 91% 



Suspected acute stroke
Especially within 8 hr

Neuro-Med Neuro-
Radiologist

Neuro-
Intervention

CT brain non contrast 
Additional: CTA or CT perfusion

Or MRI 

เวรเปล
หน่วยรักษาความ

ปลอดภัย

Tel ศูนย์แพทย์ 99499 



Early signs of infarction

Rule out hemorrhage

CT brain non contrast 



ASPECT score Early detecting signs of ischemia

Arrange 
Subcortical : C, L, IC
Cortical : I, M1-M6

Total score = 10

Ganglionic level

Supraganglionic level

Score 8-10: small core
Score 6-7: moderate core

Score 0-5: large core



Alberta Stroke Program Early CT score (ASPECTS) 

Favorable outcome 
ASPECTS > 7

Imanuel Dzialowski, MD, et al. Stroke. 2006;37:973-978. 

Modify rankin score (mRS) 
In stroke patients
Score 0: no symptoms
Score 1: No significant disablility
Score 2: Slight disability
Score 3: Moderate disablitiy
Score 4: Moderately severe disability
Score 5: Severe ability
Death 



ASPECT score



Neuro-Med and Neuro-interventionist

Stroke Chain of Survival

4. Door
5. Data

6. Dicision
7. Drug Informed risks and benefit 

with patient and family
Q1: Reperfusion ?
• Yes: 1) Thrombolysis

2) Endovascular treatment: mechanical thrombectomy
• No: mild stroke or TIA à Admission



Reperfusion 

Time

0 3 4.5 6 8 24 hr

Thrombolytic: IV r-TPA (Alteplase) 

Two positive randomized trial: NINDS II, IST3 à ECAS III (extend to 4.5hr)
FDA approved indication (Class I, Level of Evidence A )

Dose: 0.9 mg/kg (max. 90mg)
10% bolus in 1 min 

90% in 60 min 
Stroke. 2013;44:870-947. 

12

Door to needle time < 60 min 
(Class I, Level of Evidence A )



Functional independence 
thrombolytic vs control group

mRS 0-1 at 90d: ↑13% 

ECASS III (3-4.5H)

mRS 0-1 at 90d: ↑7.3% 

NINDS trial 1995

Cochrane Database of Systematic Reviews 2014, Issue 7 
N Engl J Med 2008;359:1317-29. 

N Engl J Med 1995 



Reperfusion 

General bleeding risk
sICH 6.4% (NINDS: 0-3hr)

sICH 2.4% (ECASSIII: 0-4.5hr) 

OR and NNT after thrombolytic by time

90min 3 hr 4.5 hr



POST RTPA BLEEDING: NIHSS AND 
ASPECT



ASPECT score

rTPA group ASPECTS ≤ 7: sICH increased 2.8% à 14.5%

Imanuel Dzialowski, MD, et al. Stroke. 2006;37:973-978. 

ASPECT score and bleeding risk



Stroke. 2009;40:3067-3072. 



Stroke. 2014;45:1000-1006. 



Bleeding risk 
after rTPA

Functional outcome 
after rTPA



Bleeding risk 
after rTPA

Neurology 2008;71:1417– 1423 

HAT score



Bleeding risk 
after rTPA

Stroke. 2012;43:2293-2299. 

GWTG storke
sICH ‘GRASPS’



Contraindications

Stroke. 2013;44:870-947. 

Need individualized evaluations
• Levels of evidence supporting individual 
exclusion criteria for intravenous alteplase vary widely 

Relative C/I (3-4.5hr)
• Age > 80y
• Taking oral anticoagulants 

regardless INR
• NIHSS > 25 
• History of stroke and DM

Some of these exclusions 
• More common than others
• Potentially treatable, modifiable, or 

reversible before alteplase administration 

Stroke. 2016;47:581-641 



Contraindications

Stroke. 2013;44:870-947. 
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Stroke. 2016;47:581-641 



Stroke. 2016;47:581-641 



Stroke. 2016;47:581-641 



Stroke. 2016;47:581-641 



Age: not contraindicate

Age > 80 y 
Favorable outcome 
mRS 0-2 > control in 3 hr onset

Predictor for post rTPA
bleeding
• Large infarction area 

(NIHSS, ASPECTS)
• High blood pressure
• Older age
• DM (high blood sugar)

Jonathan Emberson, et al. Lancet 2014; 384: 1929–35 
Stroke. 2016;47:581-641 



Adverse effect: Alteplase

Orolingual angioedema 

1.3-5.1% swelling of tongue, lips or oropharynx
Typically mild, transient à can be severe airway 
obstruction
Contralateral to ischemic hemisphere
Associated risk
• ACEI used, insular and frontal cortex infarction 

Rx: diphenhydramine, methylprednisolone

Stroke. 2013;44:870-947. 



Mechanism of rTPA

Tissue 
plasminogen 
activator

Tenecteplase



Mechanism of rTPA



How to give rTPA







Mechanical thrombectomy

Time
Anterior circulation stroke

Large a. occlusion: ICA, MCA (proximal M1)

0 3 4.5 6 8 24 hr12



Mechanical thrombectomy
Anterior circulation stroke

ASPECT score > 6 or                      
Collateral score > 3 or
Mismatched area > 2/3 of 
the territory
(Ischemic zone-reversible)

Siriraj protocal: within 8 hr

Stroke. 2015;46: 3024-3039. 



CT perfusion
Penumbra zone (CBV/CBF mismatch)

MTT

CBF

CBV

Multi-phase CTA



Jeffrey L. Saver, et al. JAMA. 2016;316(12)

Mechanical 
thrombectomy

• Favorable outcome 
• Add on standard 

therapy: 8.2% 

NNT=4
Not differ in sICH



12

Mechanical thrombectomy
Time

0 3 4.5 6 8 24 hr

Posterior circulation stroke

Without clinical or imaging 
of  brainstem infarction

High mortality and morbidity rates associated 
with basilar artery occlusion

Lack evidence from RCT for efficacy
45 observational study meta-analysis show 
decrease in death or dependency

International Journal of Stroke 2016, Vol. 11(1) 134–147



Collateral blood vessels in acute stroke

Lancet Neurol 2011; 10: 909–21 

Collateral flow can sustain brain tissue for hours 
after the occlusion of major arteries to the brainA: Extra-intracranial circulation

B: Intracranial collateral circulation



Collateral blood vessels in acute stroke



Collateral blood vessels in acute stroke

Lancet Neurol 2011; 10: 909–21 

Maintain good 
collateral is importance

Good collateral circulation 
• Prevent or delay permanent neural damage
• Could restrict the extent of infarction in ischaemic

stroke 
**effectiveness of collateral flow varies greatly between 
patients 



Lancet Neurol 2011; 10: 909–21 



Lancet Neurol 2011; 10: 909–21 



Lancet Neurol 2011; 10: 909–21 



Multiphase CTA (MCTA) collateral score

G. Bennett, et al. BMJ Volume 9, Issue Suppl 1

Collateral scores of 4 and 5 have 
over 80% rate of inclusion for 
thrombectomy in the setting of a 
large vessel occlusion



Multiphase CTA (MCTA) collateral score



Multiphase CTA (MCTA) collateral score



Multiphase CTA (MCTA) collateral score



Post stroke care

General management
• Airway, Ventilatory Support,

and Supplemental Oxygen (if SpO2 < 94%)
• Treatment of hyperthermia (T>37.6 oC)
• Correction of hypovolemia, avoid hypervolemia
• BP management
• Normoglycemia, avoid hypoglycemia
• ADA recommended: 140-180 mg/dl

• Cardiac monitoring at least 24 hr

Admit stroke unit 

Stroke. 2013;44:870-947. 

Class I; Level of  Evidence C 

Class IIa; Level of  Evidence C 

(Class I; Level of  Evidence A )

Class I; Level of  Evidence B

Class I; Level of  Evidence B

Lower overall 30day mortality



Blood pressure 
management 

1. Acute reperfusion therapy 
BP < 185/110 mmHg

2. During and after reperfusion
BP < 180/105 mmHg

• Labetalol IV
• Nicardipine IV 
Non reperfusion group
BP < 220/120 mmHg in first 
24 hr

Stroke. 2013;44:870-947. 



Post acute stroke care

Medication management
• Antiplatelets for non cardioembolic stroke
• Aspirin in 48 hr of stroke onset 
Initial 325 mg (range 160-300mg from 2RCT) 
Reduction in early recurrent stroke in 14 day 
Reduced mortality and unfavorable outcome

• Other antiplatelets: selection individualized on patient risk 
factors (ex. combination aspirin and clopidogrel or 
dipyridamole)  

Class I; Level of  Evidence A

Not recommend aspirin in 24 hr after thrombolytic Class III; Level of  Evidence C 

Class IIa; Level of  Evidence B 

Stroke. 2013;44:870-947. 



Complications after acute ischemic stroke

Cytotoxic edema normally peaks 3 to 4 days after injury
Early reperfusion of large necrotic volume accellerate edema 
à “Malignant edema” within first 24 hr

Decompressive surgery for malignant edema of the cerebral hemisphere is 
effective and potentially lifesaving (Class I; Level of Evidence B) 

High mortality rate upto 80%

Intensive medical management for lowering ICP
• Temporary: Mannitol, hyperventilation
• Before definitive treatment



mRS 0-5 vs death 
at 12 months

Reduced death from best medical 69% à 30%

mRS 0-3 vs 4-6 
at 12 months

Alexander P, et al. 
BMJ Open 2016 

Good functional 
outcome ↑13%



Complications after acute ischemic stroke

Hemorrhagic infarction Parenchymal hemorrhage

Radiographic classification of  the spectrum of  hemorrhagic transformation 

Criteria proposed by Fiorelli et al. (1999). 

PH-2: 1.9-2.9%
(ECASIII, SIST-MOST)



Post stroke care

General management
• Assessment of swallowing
• Maintain nutrition and hydration
• Early mobilization of less severely affected patients 

Admit stroke unit 

Stroke. 2013;44:870-947. 

Class I; Level of  Evidence B 

Class I; Level of  Evidence C 

Individualized secondary prevention 



Suspected acute stroke
Especially within 8 hr

Tel ศูนย์แพทย์ 99499 

Neuro-Med Neuro-
Radiologist

Neuro-
Intervention เวรเปล

หน่วยรักษาความ

ปลอดภัย

CT brain non 
contrast 

Thrombolytic 
eligible?

IV rTPA at 
CT room

Reperfusion Rx?

Mechanical 
thrombectomy

eligible?

Angiography 
room

Stroke unit admission
No



THANK YOU

Good multidisciplinary 
team working 

“Better patient outcome 
and quality of life”



Complications after acute ischemic stroke

Frontiers in Neurology REVIEW ARTICLE 10 June 2013 


