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Stroke Epidemiology

• 795,000 strokes are estimated to occur in the 
United States annually

 610,000 of these are first or new strokes

• 87% of these are ischemic strokes 

• 130,000 Americans die from stroke annually

• Cost is estimated to be $ 36.6 billion annually 

• In 2009, 34% of people hospitalized were 
younger than 65
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Stroke Epidemiology

Stroke Epidemiology

• stroke is 5th leading cause of death.

• However, public knowledge of stroke 
remains poor. 

• Fewer than half of 911 calls for stroke 
were made within 1 hour of symptom 
onset and fewer than half of those callers 
thought stroke was cause of their 
symptoms



3/15/2018

4

Outline

Epidemiology 

Intravenous thrombolytic

Thrombectomy 

Stroke management

Post-stroke complications



3/15/2018

5



3/15/2018

6

Patient Evaluation: Focused 
history

• Single most important 
historical information is 
time last known well 

• Never ask: When or 
what time did this start?

• Rather, ask: How you 
were last well? 

• Very important to have 
collateral information 
from friends/family

Patient Evaluation: Focused 
history

• Felt fine the night before

• Went to bed at 11pm

• Awoke at 7AM

• At 830AM, wife noticed words were slurred 
and he was weak on his right side 

• Time last known well is…

• 11pm 
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Patient Evaluation: Focused 
history

• Felt fine the night before
• Went to bed at 11pm
• Awoke at 7AM
• At 715AM, son spoke to patient before 

leaving for work
• At 830AM, wife noticed words were slurred 

and he was weak on his left side 
• Time last known well is…
• 715AM

Acute stroke: ED evaluation

• Check/Secure Airway/Breathing/Circulation
• Physician exam; including neuro exam
• ED Nurse: GCS, limb strength, facial droop q 2 hrs for ICU patient,                    
every 4 hrs for med surg/telemetry patient. **If tPA patient, see v/s neuro 

frequency below (utilize IV tPA flowsheet)                                       
• 2 IV Lines-- IV normal saline 125cc/hr for hydration and BP, if tolerated
• O2 4 liters per nasal cannula or ventilator to keep O2 sat >92%
• Continued pulse ox
• Cardiac monitor
• Stat portable chest x-ray
• 12 lead EKG 
• Bedside glucose STAT   
• Labs- CBC w/diff & platelets, Comprehensive metabolic panel, PT/INR & 

PTT, Alcohol/drug screen
 Target Door to Lab result < 45 min. 

• Non-contrast head CT with ACLS transport
• ED nurses to bring IV tPA to CT if Last Known well < 4.5 hours. 
 Target  Door to CT < 20 minutes of arrival to the ED

 Neuro eval by Neurology/NRSG including NIHSS/swallow eval
• NPO, includes PO meds, until Stroke Team clears patient for swallowing
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Stroke mimickers

IV TPA
• Approved by FDA in 1996
• This was on basis of NINDS rtPA 

Stroke Trial in which 624 patients 
with ischemic strokes were treated 
with placebo or IV TPA. 

• In Part 1, end point was 
neurological improvement at 24 
hours

• In Part 2 (pivotal efficacy trial), 
end point was favorable outcome

• Treatment was associated with an 
increase in odds of a favorable 
outcome (OR 1.9)

– In a subgroup analysis, OR was 
2.11 when treatment was within 
90 minutes [1.69 when treatment 
was 90-180 min]
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IV TPA

• Major risk is intracerebral 
hemorrhage. 

• Occurred in 6.4% of patients 
and 0.6% of patients in 
placebo group 

• However, mortality was similar 
at 3 months and at 1 year 

• These results have been 
replicated in the ECASS I/II 
and ATLANTIS A/B trials 

Broderick, Stroke 1997
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IV TPA: ICH risk factors

• High stroke scale 

• Blood 
Pressure/hypertension 

• Hyperglycemia

• Age (in some studies)
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Absolute Contraindications

• Acute ICH
• History of ICH*
• BP > 185/110*
• Head trauma/stroke <3 months
• Thrombocytopenia/coagulopathy
• NOAC use 

Relative Contraindications

• Advanced age

• Mild, improving symptoms

• Severe stroke

• Recent major surgery

• Recent GI hemorrhage
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IV TPA: so what about 3-4.5 
hours?

• ECASS III evaluated TPA in this 
window. 

• Patients were randomized to tPA 
or placebo

• Had same inclusion/exclusion 
criteria as prior trials with the 
additional exclusion criteria of: age 
> 80, NIHSS > 25, taking oral 
anticoagulants, and combination 
of stroke and diabetes. 

• OR of 1.28 of having a favorable 
outcome in the treatment group

• Mortality did not differ in the 2 
groups

• Concluded that tPA can be safely 
given and can improve outcomes 
up to 4.5 hours in selected 
patients

IV TPA: so what about 3-4.5 
hours?

• The European Medicines Agency 
expanded approval for IV tPA to 4.5 hours 
but FDA has not. 

• However, this is recommended by 
AHA/ASA
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Post-tPA care

• ICU admission 

• Careful blood pressure monitoring: Goal 
<180/105 

• No aspirin

• No anti-coagulation 

• Monitor for swelling/edema 

Outline

Epidemiology 

Intravenous thrombolytic 

Mechanical Thrombectomy

Stroke management

Post-stroke complications
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Pre-2015

• MERCI (2005)

• MULTI MERCI (2008) 

• PENUMBRA (2009) 

• IMS III (2013) 

• SYNTHESIS (2013) 

• MR RESCUE (2013)

Post-2015

• MR CLEAN (2014)

• EXTEND-IA (2015) 

• ESCAPE (2015) 

• SWIFT-PRIME (2015) 

• REVASCAT (2016) 
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MR CLEAN

• Multicenter 
randomized clinical 
trial

• First positive trial 
demonstrating benefit 
with thrombectomy 

• Study conducted 
across 16 centers in 
the Netherlands 

Berkhemer, NEJM, 2015

MR CLEAN: inclusion criteria 
and methods

• Age > 18 with acute ischemic stroke caused by 
intracranial occlusion within the anterior circulation 
including distal ICA, M1 or M2, A1 or A2 seen on 
CTA or MRA

• Initiation of treatment had to be <6 hours from onset 

• NIHSS > 2

• Patients randomized to intervention vs standard 
therapy 

• Primary outcome was mRS at 90 days. Secondary 

outcome included NIHSS at 1, 5-7 days. 
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MR CLEAN: results

Berkhemer, NEJM, 2015

MR CLEAN: results

Berkhemer, NEJM, 2015
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Positive thrombectomy trials

• MR CLEAN (2014)

• EXTEND-IA (2015) – smallest trial, relied 
on CT perfusion

• ESCAPE (2015) –used delayed CTA, 
fastest recanalization 

• SWIFT-PRIME (2015) – highest 
recanalization rate

• REVASCAT (2016) 

Positive thrombectomy trials

Grotta, Stroke, 2015
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• HERMES collaboration 

• Pooled data from 5 trials

Goyal, The Lancet, 2016. 

Goyal, The Lancet, 2016. 
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Goyal, The Lancet, 2016. 

Goyal, The Lancet, 2016. 
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Thrombectomy beyond 6 hours: 
Dawn of a New Era

• Prospective, randomized open-label trial 
assessing thrombectomy versus standard 
therapy 

• Patients with ICA or MCA occlusion with 
mismatch

• Thrombectomy occurred 6-24 hours 
• Primary end point included mRS score and rate 

of functional independence
• Trial terminated early due to superiority of 

thrombectomy 

DAWN trial

Nogueira, NEJM, 2018
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DAWN trial

Nogueira, NEJM, 2018

DAWN trial

• Rate of stroke-related death or symptomatic 
intracerebral hemorrhage did not differ 

• Outcome were better in patients who were 
carefully selected based on imaging criteria with 
thrombectomy at 6-24 hours compared to 
standard medical therapy

• For every 2 patients who underwent 
thrombectomy, 1 additional patients had less 
disability 
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Thrombectomy beyond 6 hours: 
DEFUSE 3  

• Randomized, open-label trial assessing 
endovascular therapy versus standard 
medical therapy

• Patients underwent intervention between 6 
and 16 hours 

• Patients were eligible if stroke volume was 
less than 70mL with an occlusion of ICA or 
MCA

• Primary outcome was mRS score 

DEFUSE 3

Albers, NEJM, 2018
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DEFUSE 3

Nogueira, NEJM, 2018

DEFUSE 3

Nogueira, NEJM, 2018
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ASA recommendations

Powers, Stroke, 2018

Case #1 – Patient KN

• 64 year woman with history of hypertension presents to 
ED with acute left sided weakness 

• Witnessed onset of symptoms by husband 45 minutes 
prior to arrival while eating breakfast at a restaurant 

• Normal finger stick BP 149/76

• R gaze preference, L field cut, L sided plegia, left sided 
neglect 

• NIHSS 17

• CT negative
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Patient KN

Patient KN
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Patient KN

Patient KN

• Complete recovery post-
procedure. 

• NIHSS 0

• Discharged to home 
hospital day #3 with event 
monitor

• Paroxysmal atrial 
fibrillation identified 

• Anticoagulation started
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Patient #2 - JH

• 78 year old woman presenting with left sided weakness 
upon waking up  

• She had history of atrial fibrillation and was taken off 
Coumadin but taken off due to recent subdural hematoma 

• Last known normal was last night

• NIHSS 16

Patient JH
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Patient JH

Patient JH



3/15/2018

29
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Stroke work-up

• MRI
• CT angiogram 
• Aspirin 
• Statin 
• Cholesterol level 
• Diabetes screen
• Echocardiogram 
• Swallow screen 
• Dvt prophylaxis 
• Rehab evaluation
• Telemetry monitoring
• Blood pressure management 



3/15/2018

30

Imaging

Powers, Stroke, 2018

Imaging
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Cholesterol

Powers, Stroke, 2018

PCSK9 antibody: future standard 
therapy?

• Proprotein convertase subtilisin-kexin type 
9

• PCSK9 bind to LDL receptors and 
promotes its degradation 

• PCSK9 inhibitors allow LDL receptors to 
remove LDL 

• Two agents: alirocumab, evolocumab 

• Cost $200 vs $14,000
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PCSK9 

2013 AHA guideline

Stone, et al. 2013
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Types of statin therapy

Stone, et al. 2013

Swallow screen

Powers, Stroke, 2018
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Dvt prophlyaxis

Powers, Stroke, 2018

Dvt prophlyaxis 

• Recommendation based on a meta-
analysis of 5 trials 

• Anticoagulation was not associated with 
any significant effect on mortality or 
functional status 

• Lower rates of PE and DVT (most were 
asymptomatic)

• Higher rate of ICH and extracranial 
hemorrhage
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CLOTS study

• Clots in Legs or stockings after stroke

• Enrolled ~2900 patients

• Randomized to pneumatic compression 

• DVT occurred in 122 patients in treatment 
group versus 174 (OR 0.65,p=0.001) 

• In treatment group, also an improvement 
in survival

Outline

Epidemiology 

Intravenous thrombolytic 

Thrombectomy 

Stroke management

Post-stroke complications
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Stroke Complications

• Infection 

• DVT

• Hemorrhage 

• Re-stroke 

• Cerebral/malignant edema 

Cerebral edema 

Michinaga, IJMS, 2015



3/15/2018

37

Malignant edema

• Defined as edema severe enough to 
cause increased intracranial pressure and 
lead to herniation and death

• Predictors include: 
– Younger age 

– Carotid occlusion 

– History of hypertension 

Treatment

• Intubation/hyperventilation

• Sedation 

• Head elevation 

• Mannitol 

• Hypertonic saline 

• Decompressive craniectomy 
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Patient RR

• 46 year man with large L MCA syndrome 

• Was not a candidate for tpa or thrombectomy

Post-OR
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Decompressive craniectomy

Alexander, BMJ, 2016

Decompressive craniectomy

Alexander, BMJ, 2016
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Controversy: should age matter?

• Hemicraniectomy clearly results in 
improved survival 

• However, this is potentially offset by a 
higher rate of severe disability 

• Lot of debate about potential age 
restrictions (first trial excluded patients 
over age of 60) 

When is it the right time?

• Edema thought to peak ~3-5 days 

• Question remains when to take patients to 
OR

• Two general options: Take high risk 
patients early or wait until there is 
objective signs of edema 

• General consensus to monitor closely and 
operate 
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Summary

• Stroke remains a significant burden and leading cause of 
disability 

• Intravenous thrombolytic remains first line therapy for 
majority of ischemic strokes 

• Mechanical thrombectomy can be beneficial in carefully 
selected patients up to 24 hours from last known well 

• Stroke work-up should be guided by type of stroke 
• Several complications are possible after acute stroke 

including cerebral edema in large hemispheric stroke
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