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• On average, 1 American dies from a stroke every 4 minutes
• 30-50% have lifelong disability
• Stroke costs US estimated $34,000,000,000

CDC: Stroke Facts. Retrieved from http://www.cdc.gov/stroke/facts.htm
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A quick review of anatomy

Right = Execution Left = cognition
R = Agnosia L = Aphasia
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A quick review of anatomy
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• ACA Lesion affects lower body
• MCA Lesion affects upper body
• Both on contralateral side

ACA MCA
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Location of the lesion
• Paralysis involves the contralateral face, arm, 

and leg
• If arm > leg, suspect lesion in distribution of MCA
• If arm = leg, suspect a deep hemisphere lesion
• If leg > arm, suspect anterior cerebral territory 

lesion

• Aphasia and/or seizures
• hemispheric cortical lesion

• Ataxia or dizziness
• cerebellar lesion
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A quick review of anatomy
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A quick review of anatomy – Anterior Circulation

Internal Carotid Artery (ICA)
Middle Cerebral Artery (MCA)

- M1, M2, M3, M4 sections
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A quick review of anatomy – Posterior Circulation

Vertebral Artery 
Basilar Artery 
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Intrinsic hierarchy
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Important 
Physiology
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Cerebral Perfusion Pressure

Carotid Circulation

Cerebral Circulation

Carotid Circulation

Cerebral Circulation

Normal ICP Elevated ICP
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Cerebral Perfusion Pressure
• MAP = 1/3(systolic - diastolic) + diastolic
• ICP 0 - 10 torr (20 upper limit)
• CPP  80 - 100 torr
• CPP drops below 60 torr = ischemia
• CPP <30 torr - incompatible with life

CPP = MAP - ICP
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Cerebral Perfusion Pressure
• CPP correlated with CBF
• Decrease in MAP
• Increase in ICP
• Hypotension defined as systolic BP <90 mmHg
• Hypoxia

• apnea
• cyanosis
• SpO2 <90% = PaCo2 of 60 torr
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Physiology

• CSF - 25 ml/hour
• Blood brain barrier

• tight capillaries
• limit movements of solutes 

and water
• glucose, oxygen, carbon 

dioxide, and lipid soluble 
substances (nicotine, caffeine, 
narcotics)
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Monro-Kelli Doctrine

The volume in the rigid skull 
is equal to the sum of the 
brain (90%) + CSF + blood

A change in one 
compartment must 

be balanced by a 
change in another
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Brain

Blood

CSF
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Monro-Kelli Doctrine
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Monro-Kelli Doctrine applied
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Risk Factors

Brain
AVMs

Aneursyms

Heart
Cardiac Disease

Hypertension
Hyperlipidemia

Lungs
Smoking

Liver
Heavy alcohol use

Recreational drug use

Pancreas
Diabetes

Genetics
Family HX

Congenital predisposition
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Causes of stroke syndromes
Blood
SAH/ IPH/ IVH

Blockages
Permanent ischemia
Transient ischemia

Vascular disease
Ischemia
Spinal cord lesions

Blood
Trauma

23

Causes of Strokes…

13% Hemorrhagic (Bleeds)

87% Ischemic (blocks)
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Subarachnoid
Hemorrhage

“Worst Headache of my life”
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Intracerebral Hemorrhage
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A-V Malformation
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Occipital Bleed vs. Cerebellar Bleed

supratentorial subtentorial

Petrous bones

Lateral ventricles
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Lacunar Infarcts
Small infarctions

• Short penetrating arterioles
• Basal ganglia
• Pons
• Cerebellum
• Anterior limb of internal 

capsule
• Deep cerebral white matter 

(rare)
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Lacunar Infarcts
Small infarctions

• Short penetrating arterioles
• Basal ganglia
• Pons
• Cerebellum
• Anterior limb of internal 

capsule
• Deep cerebral white matter 

(rare)
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Lacunar Infarcts 
• Often asymptomatic or very mild 

symptoms 
• Nearly 100% are thought to be caused 

by blood vessel damage from 
hypertension or DM 

• Usually multiple, bilateral and 
asymmetric appearance on CT  

• More common in Blacks and Asians 
than in Caucasians

• Prognosis is much better for recovery
T1-weighted MRI
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Clinical Findings

Left MCA

• Aphasia
• Lack of 

comprehension
• Left-sided gaze
• Right-sided facial 

droop
• Right-sided neglect

Right MCA

• Dsyarthria (slurred)
• Left-sided weakness
• Right-sided gaze
• Left-sided facial droop
• Left-sided neglect

Brainstem

• Eye movement 
deficits

• N/V
• Ataxia/vertigo
• Dysphagia
• Dysphasia
• AMS
• Crossed signs –

weakness & facial 
droop
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Clinical Findings
Obstruction of Vertebrobasilar 

Circulation
• Supplies:
• Thalamus
• Cerebellum
• Brainstem

• Occlusion of both vertebral arteries or basilar 
artery:
• Coma with pinpoint pupils
• Flaccid quadriplegia
• Sensory loss
• Various cranial abnormalities
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Clinical Findings

• Coma
• Infarction in either carotid or 

vertebrobasilar system may 
cause loss of consciousness
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Cath Lab no longer means just the Heart
Neurovascular stent retrievers.

first alternative to clot-busting drugs to treat emergency stroke patients
wire-caged device can now be threaded through a patient's blood vessels to catch and remove clots 

from the bloodstream.
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Right M1 MCA stroke
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Clinical history
37 yr old woman

• While exercising at the gym, she lost balance and fell without LOC
• Last well 20:40 when she signed in to the Gym

• Developed right gaze preference, left neglect, hemiparesis and facial droop
• NIH 18

• IV tpa given at 2305 after head ct
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Imaging in CVA
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Intervention

Interventional Progression

Intervention

Pre Intervention

Pre Intervention

40

Post Intervention Clot removed from MCA

Post Intervention

Interventional Progression

41

Basilar artery aneursym stroke
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Clinical history
46 year old male with no FH aneurysm
• Current smoker
• Headache the day before

• Thunderclap HA, neck pain and not feeling well  prior to presentation at outlying 
Hospital

• Found down on floor alert with nausea vomiting
• No Focal Neurological Deficit
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Imaging in CVA

Subarachnoid
Hemorrhage

“Worst Headache of my life”
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Basilar tip aneursym
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Interventional Progression
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Mobile Stroke Unit

Mercy Health – Toledo, OH
UT Health – Houston, TX
UT Health – Memphis, TN
Cleveland Clinic – Cleveland, OH
NY Presbyterian – Brooklyn, NY
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Load & Go

0……………………..…..……...30………………………….…………90
Minutes

EMS

On scene At 
Hospital

MSU Immediate 
specialist

CT scan & lab 
tests

Treatment

E.D. Physician CT Scan & Lab 
tests

Page 
Neuro 
specialist

Treatment 
Decision made

Comparative analysis - Toledo
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Benefits of Stroke Treatment 
Delivered Using a Mobile Stroke Unit

50% reduction of the 
alarm-to therapy decision 
and stroke management 
subintervals by MSU 
based stroke care

S. Walter, et al. Diagnosis and treatment of patients with stroke in a mobile stroke unit versus in hospital: a 
randomized controlled trial

Lancet Neurology 2012;11:397-404

0 20 40 60 80 100

MSU

Conventional

Alarm to EMS/MSU on Scene
Alarm to Lab Analysis
Alarm to CT
Alarm to Tx decision

4 pt more likely  to 
survive and be 
independent
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Hemorrhagic Stroke – ICH Stroke Scale
Feature Finding Points
GCS 3-4 2

5-12 1

13-15 0

Age ≥ 80 1

< 80 0

Location Infratentorial 1

Supratentorial 0

ICH volume ≥ 30 mL 1

< 30 mL 0

Intraventricular Bleed Yes 1

No 0

ICH SCORE 0-6 points

ICH Score 30 Day Mortality

0 0%

1 13%

2 26%

3 72%

4 97%

5 100%

6 100%
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DDx of Ischemic Stroke

• The most important is intracranial hemorrhage
• If a patient is comatose and no history is available, other diagnoses 

include:
• Hypoglycemia
• Drug overdose
• Seizures
• Craniocerebral trauma
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Evaluation of Suspected Stroke

1-3 is low risk
4-5 is moderate risk
>6 is high risk
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An EMS favorite... Rapid Arterial Occlusion Evaluation
Test Item 0 1 2
Facial Palsy Absent Mild Moderate/Severe

Arm motor Normal/mild Moderate Severe

Leg motor Normal/mild Moderate Severe

Head/Gaze deviation Absent Present N/A

Aphasia (R hemiparesis – L injury) Performs both tasks Performs 1 task Performs neither tasks

Agnosia (L hemiparesis – R injury) Patient recognizes 
arm & impairment

Unable to recognize 
arm or impairment

Unable to recognize arm or 
impairment

RACE SCORE 0-9 points

Aphasia:
1. Ask patient to close eyes
2. Ask patient to make a fist

Agnosia:
1.Ask patient, after lifting paretic arm, who’s arm is this?
2.Ask patient to lift both hands and clap >4 ~ LVO
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RACE (Rapid Arterial oCclusion Evaluation

Stroke is likely with a 
score above 1 

Emergent Large Vessel 
Occlusion is likely if the 
cumulative score is > 4 

with a sensitivity of 85% 
and specificity of 69%.

The Accuracy of Large Vessel Occlusion Recognition Scales in 
TelestrokeSetting. Mohammad Anadani, EyadAlmallouhi, Amy 
E. Wahlquist, Ellen Debenham, Christine A. Holmstedt
TelemedJ E Health. 2019 Nov 1; 25(11): 1071–1076. Published 
online 2019 Nov 6.
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Evaluation of Suspected Stroke
NIH Stroke Scale – the GOLD STANDARD
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