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EMS Hospital Home

ED Rehab



Prehospital to the ED



Arrival: EMS vs. Walk-in

 1 in 3 – Walk-in

 Arrival within 3 hours: OR 2.00

 Head CT within 25 min of arrival: OR 1.89

 tPA within 2 hours of symptoms: OR 1.47

Circ Cardiovasc Qual Outcomes. 2013;6(3):262-9



Double tPA rate from prehospital stroke 

notification

JAMA Neurol. 2013;70(9):1126-32. 



Mass media campaigns 

– Increased awareness

Increased visits for stroke





62% of delays related to calling EMS

J Stroke Cerebrovasc Dis. 2014;23(3):534-9



EMS

Stroke Screen

Time of onset

Medications

Contact of family members

Nearest appropriate hospital

– Stroke center/capable

– Ground vs. Aeromedical



Cincinnati Stroke Scale

3 components:

– Facial Droop

– Arm Drift

– Slurred Speech

– Time (onset)
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EMS Accuracy for Stroke

Utilize CPSS or LAPSS

- Sensitivity 80% vs 74%

EMS LKN very close to Neurologist

- Not as accurate for wake-up stroke

Ann Emerg Med. 2014;64(5):509-15.
Stroke. 2014;45:1275-1279



Time to Onset

When did occur?

Witnessed?

Last seen “normal”?

– Wake-up Stroke



Their Medications



Other Important Medications

Coumadin

Lovenox/Arixtra

Pradax (Dabigatran)

Xaralto/Eliquis/Savaysa



Family Contact

Phone contact 

information

Family/friend – last 

witness patient



Prehospital Interventions



Classic Teaching

Blood glucose

IV, O2, Monitor (ACLS)

Hypoxia is BAD

But is more O2 the better?



Physiological Effects of  O2

Vasoconstriction to carotid

20-33% decrease cerebral blood flow

– (100% O2 for 10-15 min)

Critical Care 2013, 17 :313 



Evidence for (Against) O2

HBOT – no benefit in acute ischemic stroke

No improvement in functional outcomes

Mortality OR 0.45 (Against O2)

AHA/ASA guidelines rec AGAINST routine 

O2 Cochrane Database Syst Rev. 2005;(3):CD004954.
Ann Indian Acad Neurol 2010, 13:284-288.

Stroke. 2013;44(3):870-947



WHERE TO 

TRANSPORT?



Hub and Spoke



Emergency Department



ED (Stroke Ready)

TJC/DNV Standards

Set protocols

Time Target
Door to MD 10

Door to CT 25

Door to CT read 45

Door to Needle 60

Door to Admit 180



ED – Stroke Alert Process

Nurse

– Triage – Walk-ins

– Charge – EMS 

ED Physician Eval

– Neurologist notified

– Radiology and 
Interventionalist
notified

Time Target
Door to MD 10

Door to CT 25

Door to CT read 45

Door to Needle 60

Door to Admit 180



ED – Stroke Alert Process

Team Approach

– Blood drawn

• Lab notified

– IV placed

To CT

– CT tech notified

Time Target
Door to MD 10

Door to CT 25

Door to CT read 45

Door to Needle 60

Door to Admit 180





IS THIS A STROKE? IS THIS A BLEED?

WHEN DID THE SYMPTOMS BEGIN? ARE THERE CONTRAINDICATIONS TO IV TPA?

WHERE IS THE STROKE?
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Types of  Stroke

Ischemic

– Arterial (80%)

– Venous (2%)

Hemorrhagic

– Intracerebral (9%)

– Subarachnoid (9%)
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Characteristics of  an

Ischemic Arterial Stroke

Symptoms

Sudden onset

Focal neurological

Negative symptoms

Vascular origin

Differential Diagnosis

Hypoglycemia

SDH/EDH

Post Ictal

Complicated migraine

Brain tumor

Psychiatric/malingering







Ischemic Stroke Mechanism





Middle cerebral artery
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Dominant (Left) MCA

Right hemiparesis: face, arm > leg

Gaze preference to left

Right hemianesthesia

Aphasia

Right homonomous hemianopsia



Non-dominant (Right) MCA

Left hemiparesis: face, arm > leg

Gaze preference to right

Left hemianesthesia

Left hemineglect

Anosagnosia

Left homonomous hemianopsia



Anterior Cerebral Artery



Anterior Cerebral Artery

Hemiparesis: Leg >>Arm/ Face

Hemianesthesia

Contralateral Grasp

Mutism

Abulia

Disinhibition



Posterior Cerebral Artery



Posterior Cerebral Artery

Homonomous hemianopsia

Anton’s Syndrome

Alexia without agraphia

Visual and/or color anomia



Small Vessel (Lacunar) Syndromes

• Pure Motor Stroke

• Pure Sensory Stroke

• Sensorimotor

• Ataxic-hemiparesis

• Dysarthria Clumsy-hand

• Hemichorea/hemiballism



Exclusionary Criteria for Alteplase
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Benefits of  TPA
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How About Endovascular 

Thrombectomy?



Evolution of  Acute Stroke 

Management



Meta-Analysis

Across all 6 of the prospective randomized controlled 

trials (IMS-3, MR RESCUE, SYNTHESIS, MR CLEAN, 

EXTEND-IA and ESCAPE)

– With LVO confirmation pre-randomization,  pts 

who were randomized to IAT had 1.67 times 

greater odds of better outcome compared to 

medical therapy (p=0.0001)

– With LVO confirmation regardless of pre-

randomization, the superiority of IAT persisted: OR 

1.27, p=0.018)

*Journal of NeuroInterventional Surgery February 2015 Volume 7 Issue 2



Acute CVA

LSN <6 hours

NIHSS 6 or >

Severe Speech deficit

CT brain, CTA Head 
and Neck

IV tPA eval

Possible INR

LSN<6hours

NIHSS <6

CT Brain-IV tPA eval

LSN> 6hours

NIHSS 6 or >

Severe Speech deficit

CT Brain, CTA Head 

Possible INR



ICA M2 Emboli Distal M1

Proximal M1 Carotid “L” Carotid “T”



Large Vessel Strokes

•Poor natural history of large vessel stroke

•High mortality associated with LVO
– Carotid-T: 53% Jansen, 1995

– MCA: 30-35% Chambers, 1987

– Basilar: 89-92% Bruckman H, 1986 & Brandt, 1996

MCA

ICA-T

Basilar



Patient Selection Endovascular 

Stroke Therapy

NIHSS stroke scale ≥6

Or severe speech deficit

CTA/MRA/Angio defined target 

i.e.; a clot to retrieve or stenosis to relieve

Viable brain

<70 cc acutely infarcted brain



Considerations for INR 

Exclusion



IV tPA Contraindications



IV tPA Warnings



Endovascular Stroke Rescue 

Tools and Techniques



Sentara INR Stroke Universe

SNGH

SLH
SAB

CHKD

PNMC

OBX

SVBGH
SPAH

SOH

SCP

SWMC

SIAIC

SBLH

SNGH

BSDP

CGH

SHMH

BSMV



Radiographic Triage of  Possible 

Candidates
CT Head

– Blood or dead brain

CTA brain and neck

– Large vessel occlusion

+/- CT/MR Perfusion

– Area at risk versus dead brain

MRI/ MRA

– Most accurate assessment of infarct volume



Neurons Lost Synapses 
Lost

Demyelinate
d              

Fibers Lost

Accelerated 
Aging

Per Stroke 1.2 Billion 8.3 Trillion 4470 miles 36 Years

Per Hour 120 Million 830 Billion 447 Miles 3.6 Years

Per 
Minute

1.9 Million 14 Billion 7.5 Miles 3.1 Weeks

Per 
Second

32,0000 230 Million .125 Miles



Time is Brain Quantified



What Next?

MAC/ General anesthesia

– Airway protection

– Paralytics

– Blood pressure control

Rapid assembly of INR team to prepare 

room, equipment and patient 

– Angio techs

– Angio RN



GOAL:

Table to clot access = 30 minutes!



Tools of  the trade….



THROMBOLYTICS=CLOTBUSTERS

IA-tPA

Off label



Penumbra Suction Thrombectomy

= Wet Vac



Stent Retriever 

= “Chinese finger trap”



Putting the tools to use….





Solitaire FR Revascularization

78 y/o with right 

hemiparesis, right facial 

droop and aphasia

Stuttering course in ER, 

recurred 3 hours later 

after admission to ICU 

at OSH

NIHSS 14

No change s/p IV tPA



3.5 hours from symptom onset to complete revascularization

30 minutes from arterial access to TICI 3 Solitaire 

revascularization

NIHSS 5 on D/C with OP rehab (mostly speech deficit) 



65 y/o with progressive motor deficit, vision changes and nausea,

Required emergent intubation for airway protection

Time of onset = 20 hours earlier!



48 Hours Post Intervention



Immediate post embolectomy, on 

arrival to NICU





What can go wrong?

Anything and everything!

– Access complications femoral artery

– Vessel perforation

– Dissection

– Inability to remove clot

– Distal emboli

– ICH due to revascularization of infarcted brain

– Medical issues: Cardiac/respiratory



TIME IS BRAIN!

Average neuron loss 

during untreated large 

vessel ischemia is 1.9 

million neurons/minute

That equals approx 3.6 

years of accelerated 

brain age for every hour 

of sustained ischemia

For every 30 minute 

delay there is a 10% 

decrease in favorable 

outcome

Stroke 2006; 37:263-266



Conclusions

Early revascularization optimizes outcome

– Door to groin puncture goal 60 minutes

– Level 1, Class A evidence that rapid embolectomy 

is superior to IV tPA alone for patients with LVO

Our INR Protocol (Unchanged since 2009!)

– Immediate frontline INR consult for all stroke alerts

– NCCT head & CTA for appropriate pt with 

sufficient deficit

– Rapid transfer to SNGH ED for endovascular 

intervention when being considered for 

intervention



“Team of Teams” 

required for 

expedient and 

successful 

revascularization!



QUESTIONS?

Alexander Grunsfeld: aagrunsf@sentara.com

Karah Lanier: karahlanier@gmail.com

Bruce Lo: brucelo1@yahoo.com


