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Definition of Stroke

 Any disease process that disrupts blood 
flow to a focal region of the brain. 

 Ischemia- hemorrhage



Definition of Stroke

 Focal or generalized neurological 
symptoms

 Rapid development of symptoms
 Completion of symtoms within 24 hrs
 End point – disability or death
 No other obvious causes apart from 

vascular



Background

 Third leading cause of death 
 Leading cause of adult disability
 Mortality: 19/100/mo
 Incidence: 1.35-4/1000/yr
 1/3 of patients younger than 65
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Ischemic Strokes

 Thrombosis-most common cause
 Etiology 
 Atherosclerotic disease-most common
 Vasculitis
 Dissection
 Polycythemia-thrombocythemia
 Hypercoagulable states-primary,secondary
 Infectious Diseases-HIV, TB, syphilis,HZV



Ischemic Strokes
 25% due to Embolism
 Etiology

 Cardiac
 Valvular Vegetations
 Mural thrombi- caused by A-fib, MI, or dysrhythmias
 Paradoxical emboli-from ASD, VSD
 Cardiac tumors-myxoma

 Carotid emboli
 Fat emboli
 Particulate emboli – IV drug injections
 Septic Emboli – heart,aorta



Ischemic Strokes

 Hypoperfusion - less common mechanism
 Typically caused by cardiac failure
 More diffuse injury pattern vs thrombosis 

or embolism
 Usually occur in watershed regions of 

brain



When cerebral 
artery occlude  



Necrotic core and penumbra
CBF
ml/100 gr/min





Hemorrhagic Strokes
 Intracerebral hemorrhage (ICH)

- approx. 10% of all strokes
 Risk Factors

HT
 Increasing Age
Race: Asians and Blacks 
Amyloidosis- esp. in the elderly
 AVMs or tumors
Anticoagulants/Thrombolytic use
History of previous stroke
Tobacco, ETOH, and cocaine use



 Subarachnoid hemorrhage (SAH)
 Result from rupture of berry aneurysm or 

rupture of AVMs, trauma, Moya moya disease, 
angiitis, dissection, CVT, cerebral tumor, 
coagulation defect, SCD, HT, malarιa, illicit 
drugs, labor, idiopathic cases

Hemorrhagic Stroke



Clinical Features

 Stroke presentation often subtle and 
varied

 Key aspects in determining the underlying 
cause and location of the lesion include:
 History
 Physical Exam
 Neurologic Exam



History
 History of:

 HT
 CAD
 DM
 Previous TIA in same vascular distribution
 Symptomatic deficits that wax and wan 
 Gradual onset

 Suggests: atherosclerotic disease and 
thrombosis-metabolic syndrome



History
 History of 
 AF
 Valvular replacement
 Recent MI
Multiple TIAs involving different vascular 

distributions
 Sudden onset of symptoms

 Suggests: Embolism



 History of :
 Recent neck injury, Sports injury
 Chiropractic manipulation

 Suggests: Carotid/vertebral dissection

History



 History of:
 Straining or coughing immediately preceding 

symptoms of CVA

 Suggests: ruptured aneurysm

History



History

 History of:
 Sudden onset of symptoms
 Headache (minority of patients with ischemic 

stroke)

 Suggests: Hemorrhagic stroke - SAH



Physical Exam

 Not inclusive, but some pointers:
 Signs of emboli- Janeway lesions, Osler nodes
 Bleeding dyscrasia- ecchymosis, petechiae
 Papilledema- mass lesion, HT crisis, cerebral 

vein thrombosis
 Carotid bruit or murmurs- vascular or cardiac 

etiology. 



Neurological exam-NIHSS(0-42)
mild stroke6

moderate stroke---7-10

moderately severe stroke---11-15

severe stroke---16-22

very severe stroke23

Goldstein LB, 1989



Neurologic Exam
 National Institutes of Health (NIH) Stroke 

Scale- correlates to infarct volume(0-42)
 Seven major areas:

1. LOC
2. Visual Assessment
3. Motor Function
4. Cerebellar Function
5. Sensation and Neglect
6. Cranial Nerves
7. Speech(aphasia, dysarthria)



 Transient Ischemic Attack (TIA)
 Neurologic deficit that resolves within 24 

hours
Most TIAs resolve < 30 minutes
Approx. 10% of TIA patients will have a stroke in 

90 days
 Half of these in just 2 days

Ischemic Stroke Syndrome



Migrating symptoms

 epilepsy-sec

migraine-min
 Cerebral amyloid angiopathy-min
 TIA-min





Mechanisms of Brain Injury in 
ICH

 Primary
 Tissue dissection
 Displacement and brain 

herniation

 Secondary
 Perihematoma injury (ischemia-edema)
 Hematoma expansion
 Inflammation
 Apoptotic cell death (Qureshi)



 Anterior Cerebral Artery Infarction
 Contralateral weakness/numbness greater in leg than 

arm
 Dyspraxia – contralateral upper limb
 Alien hand – contralateral upper limb
 Abulia

Ischemic Stroke Syndromes



 Middle cerebral artery occlusion
 Dominant Hemisphere (usually the left)

Contralateral weakness/numbness in arm and face  
greater than leg

Contralateral hemianopsia
Aphasia (Wernicke’s -receptive, Broca’s -expressive 

or may have both)

Ischemic Stroke Syndromes



Ischemic Stroke Syndromes

 Middle cerebral artery occlusion
 Nondominant hemisphere

Contralateral weakness/numbness in arm and face 
greater than in the leg

Dressing apraxia
 Inattention, neglect, or extinction



 Posterior Cerebral Artery Infarct
 Contr. Hemianopia (occipital lobe)
 Visual agnosia (occipital lobe)
 Reduced level of consciousness(midbrain)
Ophthalmoparesis(midbrain)
 hemiplegia(midbrain)
 Hemianesthesia(thalamus)
 Alexia with/without agraphia anomia, memory 

deficit, thalamic dementia 

Ischemic Stroke Syndromes



 Vertebrobasilar Syndrome
 Posterior circulation supplies brainstem, 

cerebellum, and visual cortex
Dizziness, vertigo, diplopia, dysphagia, ataxia, 

cranial nerve palsies, and b/l limb weakness, singly 
or in combination

HALLMARK: Crossed neurological deficits: 
ipsilateral CN deficits with contralateral motor 
weakness

Ischemic Stroke Syndromes



Ischemic Stroke Syndromes
 Lateral Medullary (Wallenberg) Syndrome
 Specific post. Circulation infarct involving 

vertebrobasilar and/or post inferior cerebellar 
Art. (PICA)

 Signs:
 Ipsilateral loss of facial pain and temperature with 

contralateral loss of these senses over the body
Gait and ipsilateral limb ataxia
Partial ipsilateral loss of CN V, IX, X, and XI
 Ipsilateral Horner Syndrome may be present



Ischemic Stroke Syndromes

 Basilar Artery Occlusion
 Severe quadriplegia
 Coma
 Locked-in syndrome-complete muscle 

paralysis except for upward gaze



Ischemic Stroke Syndromes

 Cerebellar Infarction-subset of post. circ. infarcts
 Symptoms: “drop attack” with sudden inability to 

walk or stand, vertigo, nausea/vomiting, neck pain
 Diagnosis: MRI, MRA as bone artifact obscures 

CT
 Cerebral edema develops w/in 6-12 hrs →

increased brainstem pressure and decreased 
LOC

 Treatment: decrease ICP and emergent surgical 
decompression



 Lacunar Infarction
 Infarction of small penetrating arteries in pons and 

basal ganglia
 Associated with chronic HT present in 80-90% or DM
 Pure motor deficits, pure sensory deficit, motor-

sensory stroke, ataxic hemiparesis, dysarthria-clumsy 
hand syndrome

 Fisher CM, 1982

Ischemic Stroke Syndrome



DIAGNOSIS OF VASCULAR 
DEMENTIA

 memory impairment
• aphasia, apraxia, agnosia,disturbance in executive 

functioning
• impairment in social, occupational functioning –

decline from a previous level of functioning
• focal neurological symptoms, signs – positive 

laboratory neurovascular profile related to the 
impairment

• relative absence of a delirium

DSM-IV, 1994



Ischemic Stroke Syndrome
 Arterial Dissection

 Often following severe trauma 
 headache, and neck pain hours to days prior to onset 

of neuro symptoms – Horner syndrome
 HT risk factor for spontaneous dissection
Marfan syndrome-medial arterial vacuolar necrosis 

-FMD-migraine
 idiopathic



Ischemic Stroke Syndrome



 Intracerebral Hemorrhage
 ICH – sudden onset of symptoms, elevated 

BP
 Progressive focal neurologic deficits over 

minutes
 Patients may rapidly deteriorate
 Exertion commonly triggers symptoms
 Epilepsy, coma, increased ICP, vomiting
 Bleeding localized to putamen, thalamus, 

pons-pinpoint pupils, and cerebellum

Hemorrhagic Syndromes



Hemorrhagic Syndromes

 Cerebellar Hemorrhage
 Sudden onset dizziness, vomiting, truncal 

ataxia, inability to walk
 Possible gaze palsies and increasing stupor
 Treatment: urgent surgical decompression or 

hematoma evacuation



Hemorrhagic Syndrome
 Subarachnoid hemorrhage

 Severe headache, vomiting, decreasing level of 
consciousness

 headache- often occipital or nuchal in location
 Sudden onset of symptoms– history may reveal 

activities increasing BP such as defecation, coughing 
or intercourse

 Blood in subarachnoid space, vasospasm between 3-
21 days

 manifestations---headache, photophobia, nuchal 
rigidity, vomiting, confusion-irritative state, pre-coma 
or coma, signs of Kerning or Brudzinski





CVT
 CAUSES —thrombophilia primary or secondary, sinus 

compression, inflammation and infection, trauma, cancer 
infiltration, other causes 

 MANIFESTATIONS---increased ICP and cerebral  edema- venous 
infarction – fits/focal signs/ papiledema/ 
confusion/headache/abulia



Diagnosis-Critical Pathway

 History
 Last moment patient known to be normal

 Initial orders
 ECG, Cardiac Enzymes, FBC, PT/a PTT/ INR, 

biochemistry, LFT, electrolytes, glucose, RFT,  
+/- drug screen, Noncontrast CT-head

 Review alteplase inclusion/exclusion criteria



Diagnostic Tests

 Emergent noncontrast CT of head
 Differentiate hemorrhage vs ischemia

MOST ischemic strokes (-) by CT for at least 6 hrs
 Hypodensity indicating infarct seen 24-48 hrs

Can identify hemorrhage greater than 1cm, and 
95% of SAH

 If  CT (-) but still considering SAH may do L.P.



 Depending on circumstances, other helpful tests
 CTA carotids, vertebral,  cerebral vessels
 Echocardiogram – identifies mural thrombus, tumor, valvular 

vegetations in suspected cardioembolic stroke
 Holter monitoring 24 hrs
 Carotid duplex -for known/suspected high grade stenosis
 Angiography – “gold standard” identifies occlusion or stenosis of 

large and small vessels of head/neck, dissections and aneurysms
 MRI scan – identifies posterior circulation strokes better and 

ischemic strokes earlier than CT
 Emergent MRI- considered for suspected brainstem lesion or dural 

sinus thrombosis
 MRA scan – identifies large vessel occlusions – may replace 

angiography in the future
 CTV, MRV

Diagnostic Tests



Diagnostic Tests
 Thrombophilia screen, collagen diseases 
 Brain biopsy (cerebral amyloid or congophilic 

angiopathy)-STA biopsy (TA)
 Brain SPECT – cortical infarcts 



Differential Diagnosis

 Ddx of Acute Stroke (not inclusive)
 Epidural/subdural hematoma
 Hyponatremia
 Brain tumor/abscess
 Postictal paralysis (Todd paralysis)
 Hypertensive encephalopathy
Meningitis/encephalitis
 Hyperosmotic coma



Wernicke Encephalopathy
 Drug toxicity (lithium, phenytoin, 

carbamazepine)
 Complicated Migraine
 Bells palsy
 Multiple sclerosis
 Meniere’s disease
 Labyrinthitis

Differential Diagnosis Cont.



 Hyperventilation syndrome
 Narcolepsy, cataplexy, sleep paralysis, 

hypnagogic hallucinations 
 TGA(TIA, post-ictal state, migraine equivalent, 

venous congestion due to jugular vein deficiency, 
cererbral energy failure, temporal lobe tumors, 
dissociative hysteria) 

 Conversion hysteria

Differential Diagnosis Cont.



Special Populations In Stroke
 Sickle Cell Disease (SCD)

 Most common cause of ischemic stroke in children
 10% of patients with Sickle Cell Disease have stroke 

by age 20
 SCD-↑ frequency of cerebral aneurysm—think SAH
 Treatment: emergent simple or exchange transfusion 

to decrease HbS to < 30%, thus improving blood flow 
and oxygen delivery to infarct zone



 Young Adults (age 15 to 50)
 20% of ischemic strokes due to arterial dissection

 Often preceded by minor trauma
 Cardioembolic etiologies- MVP, rheumatic heart 

disease, or paradoxical embolism
 Migrainous stroke- infarction a/w typical attack
 Air embolism-scuba diving or recent invasive 

procedure
 Drugs: heroin, cocaine, amphetamines

Special Populations In Stroke



 Pregnancy
 ↑risk during peripartum and up to 6 weeks 

postpartum
Contributors to risk-preeclampsia/eclampsia, 

decrease in blood vol. and hormonal status 
following birth

Special Populations In Stroke



TREATMENT-Time is brain!



Ischemic Stroke Management
 General Management
 A, B, Cs
 IV, oxygen, monitor, elevate head of bed 

slightly
 E.D. protocols/Notify stroke team
 Treat dehydration and hypotension 
 Avoid overhydration – cerebral edema
 Avoid hyperglycemia and hypoglycemia
 Fever – worsens neurologic deficits



Ischemic Stroke Management

 Hypertension
 Treatment indicated for SBP > 220 mm Hg or 

mean arterial pressure > 130 mm Hg
 Lowering BP too much reduces perfusion to 

penumbra converting reversible injury to infarction
Use easily titratable Rx (labetalol)
SL Ca-channel blockers should be avoided



Management of HTN cont.

 Thrombolytic candidates- use Labetalol to 
reduce BP < 185/115 to allow tx

 Requirements for more aggressive 
treatment exclude the use of tissue 
plasminogen activator.



rtPA Dose and Complications

 rtPA –Total dose 0.9 mg/kg,  max. 90mg
 10% as bolus, remaining infusion over 60 

min.
 BP and Neuro checks q 15 min x 2 hrs initially

 Treatment must begin within 3 hrs – 4.5 
hrs  of symptoms and meet inclusion and 
exclusion criteria

 No ASA or heparin given for 24 hrs after tx



Emergent Management of HT 
during/following rtPA in Acute Stroke

 Monitor BP closely
 q 15 min x 2 hrs, then q 30 min x 6 hrs, then q 60 min for 24 

hr Total
 If SBP 180-230 or DBP 105-120 mmHg

 10 mg labetalol IVP q 10-20 min, max 200 mg
 If SBP > 230 or DBP 121-140 mmHg

 10 mg labetalol may repeat q 10-20 min, max 200 mg 
 If BP not controlled by labetalol then consider nitroprusside 

(0.5-1.0mcg/kg/min), continuous arterial monitoring advised
 If DBP > 140 mmHg

 Infuse sodium nitroprusside (0.5-1.0mcg/kg/min), continuous 
arterial monitoring advised



IV Thrombolysis Criteria in Ischemic Stroke

 Inclusion criteria
 Age 18 years or older
 Time since onset well established to be < 3 

hrs-4.5 hrs
 Clinical diagnosis of ischemic stroke
 Cerebral CT- normal or mild CVA(<1/3 of 

brain)
 Patient consent



 Exclusion criteria
 Minor/rapidly improving neurologic signs
 Evidence of intracranial hemorrhage on 

pretreatment noncontrast head CT
 History of intracranial hemorrhage at any 

previous time
 High suspicion of SAH despite normal CT
 GI or GU bleeding within last 21 days

Criteria for IV Thrombolysis cont.



 Exclusion criteria
 Known bleeding diathesis

 Platelet count < 100,000 /mm3
 Heparin within 48 hours and has an elevated PTT
 Current use of anticoagulation or PT > 15 

seconds or INR > 1.6

Criteria for IV Thrombolysis cont.



 Exclusion criteria
 Intracranial surgery, serious head trauma or 

previous stroke within 3 months
 Major surgery within 14 days
 Recent arterial puncture at non compressible 

site
 Lumbar puncture within 7 days
 Seizure at onset of stroke

Criteria for IV Thrombolysis cont.



 Exclusion criteria
 History of ICH, AVM or aneurysm
 Recent MI – less than 6 wks
 Sustained pretreatment systolic pressure > 185 

mmHg or diastolic pressure > 110 mmHg despite 
aggressive treatment to reduce BP to within these 
limits

 Blood glucose < 50 or > 400 mg/dL

Criteria for IV Thrombolysis cont.



Exclusion criteria

 Cerebral tumor 
 INR>1.6 – hemophilia 
 Hemorrhagic diseases of the eye 
 Bacterial endocarditis 
 History of previous CVA and DM
 Pregnancy
 Post MI pericarditis or known AAA



THROMBOLYSIS

 ΝΙΗSS (0 - 42 βαθμοί) 3/5-25 – exclusion  - speech, hand dexterity, 
vision 

 Stroke Unit (?) monitoring:
 rt-PA : Alteplase (Actilyse (R)) iv

- 0.9 (0.6) mg/kg body weigt, max 90(60) mg, 10 %(15%) bolus, 
90(85) % in an hrs time (infuson) NINDSS-ENCHANTED

Stroke Unit Trialists' Collaboration. Cochrane D S R. 2007 17;(4):CD000197,  NEJM 2008; 359:1317‐29 & 1393‐5



Thrombolysis side effects

 ICH  or hemorrhage(6.4%)-cessaton of 
thrombolysis, FFP 6 UNITS

 angioedema(5.1%)-adrenaline(0.3 ml 
SC/IM 0.1% solution), solucortef 125 
mg+solumedrol 250 mg IV, fenistil  4 mg/4 
ml IV, O2 mask



Thrombolysis and mechanical 
embolectomy

 In 2014 a positive study was published
(MR CLEAN) and in 2015 4 additional 
positive studies (ESCAPE, EXTEND-IA, 
SWIFT PRIME, REVASCAT) and in 
2016 another positive study (THRACE)
aiming at the management of ischemic 
CVA with large cerebral vessel 
occlusion, where the superiority of ME 
and IV thrombolysis 





•emergent large vessel occlusion (ELVO)

•6-24 HRS







New strategies
 thrombolytic

 Thrombolysis with  TCD(Alexandrov, 
CLOTBUST trial, non-significant benefit, 
2004, NEJM) 

 intravascular
 EKOS (thrombolysis with intravascular 

ultrasound)



Drug Therapy in Ischemic Stroke
 Majority of pts not thrombolytic candidates

 Antiplatelet agents-cornerstone for 2° prevention
 Antiplatelet agents

 ASA: ↓ risk 20-25% vs placebo
 70-320 mg dose and will not interfere with tPA therapy

 Dipyridamole: alone (200mg BID) ↓ risk 15%
 Clopidogrel: (75 mg qd) 0.5% absolute annual risk 

reduction when compared to ASA
 Good Rx for pts who cannot tolerate or fail ASA 



 Heparin: unproven effect
 Patiets may expect fewer strokes but benefit 

is offset by increased ICH
 Similar results with LMWH
 Use of UFH, LMWH, or heparinoids to tx a 

specific stroke subtype or TIA cannot be 
recommended based on available evidence.

 oral anticoagulants
 AF, THROMBOPHILIA

Anticoagulants



ACUTE MANAGEMENT OF ISCHEMIC CVA

 Cardiac/ respiratory function, O2 saturation
 BP
 FBC, aPTT, INR, Na, K, κρεατινίνη, CARDIAC ENZYMES
 Glu levels
 T
 Ro thorax, ECG
 ACID BASE BALANCE
 DYSPHAGIA MANAGEENT AND NUTRITION
 COMPLICATION MANGENENT (infection, pressure ulcers, fits, DVT, PE )



RX
 ASPIRIN 325, CLOPIDRGREL, DIPYRIDAMOLE AND 
ASPIRIN, TRIFLUSAL 
LMWH – DVT, CVT, CAROTID DISSECTION 
ATORVASTATIN 80 MG FOR 5 DAYS


Stroke. 2007;38:1655‐711



TIA Management
 Admit-Evaluate for cardiac sources of emboli or 

high grade stenosis of carotid arteries
 Rx: ASA

 UFH-for high risk of recurrence – not any more 
 Known high grade stenosis in appropriate distribution of 

symptoms, cardioembolic source, Crescendo TIAs, TIAs 
despite antiplatelet therapy

 Urgent CEA for TIAs that resolve in < 6 hrs and  
> 70% stenosis of carotid artery



 Treat HT >220 mm Hg systolic or  > 120 mm Hg 
diastolic using labetalol
 Reduce gradually to prehemorrhage levels

 Elevate HOB to 30°
 Hyperventilation-target PaCO2 30-35 mm Hg 
 Osmotherapy 

 Mannitol (0.25-1.0 g/kg IV), and lasix (10 mg IV)–
target serum osmolality ≤ 310 mOsm/kg
 Hyperventilation/osmotherapy used for signs of progressive ↑

ICP
 i.e. mass effect, midline shift or herniation

 Steroids – not recommended

ICH Management



ICH Management cont.

 ICP Monitoring considered if GCS < 9
 Treat seizures with phenytoin
 Surgery – controversial
 Depends on neuro status of pt, size and 

location of hemorrhage
 Best benefit in cerebellar hemorrhage 



SAH Management
 Major complications w/in 1st 24 hrs
 Rebleeding and vasospasm

To ↓ rebleed risk: reduce SBP to 160 mm Hg 
and/or maintain MAP of 110 mm Hg

 Cerebral ischemia 2° to vasospasm occurs 3-
21 days after aneurysm rupture
Nimodipine 60 mg PO q 6 hr-↓ incidence and 

severity of vasospasms
 Prophylactic treatment of pain
 Obtain Neurosurgical consultation



Eelco F. et al, Stroke, 2014



Eelco F. et al, Stroke, 2014



The Lancet Neurology Vol 8 July 2009 602-603



REHABILITATION;

 START SOON WHEN THE CONDITION STABILIZES (ISCHEMIC 
CVA FROM 24-48 HRS )

 PHYSIOTHERAPY, HYDROTHERAPY IN REHABILITATION CENTER
 TREAT:

 infections
 pressure ulcer
 DVT
 spasticity 
 neyropathic pain 
 epilepsy
 depression (33%)
 sexual problems

 FROM 2-8 MO UP TO 3 YR 



Rehabilitation with robotic technology


