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Objectives

• Explain the importance of prehospital acute stroke recognition.

• Describe how a coordinated stroke system of care facilitates timely 
diagnosis and treatment for patients with acute stroke.

• Identify capabilities of a mobile stroke unit that facilitate efficient 
diagnosis and treatment of acute neurological emergencies.
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• Tenecteplase and alteplase for acute ischemic stroke reperfusion in patients with last known 

well > 3 hours
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Acute Stroke: Time Matters

• Saver et al. JAMA. 2013.
• “Time is brain” adage

• 2 million brain cells per minute of stroke

• For every 15-minute increment reduced 
treatment time:
• Reduced in-hospital mortality (OR 0.96; 0.95-0.98)
• Increased discharge home (1.03; 1.02-1.04)
• Increased independent ambulation at discharge 

(1.04; 1.03-1.05)
• Reduced symptomatic ICH (OR 0.96; 0.95-0.98)
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Only as Strong…

Jauch et al. Stroke. 2013
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Layperson Stroke Recognition

Jauch et al. Stroke. 2013
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Layperson Stroke Recognition



More Than Just Recognition

Eisenstein et al. AJBR. 2018



CEERIAS

Prabhakaran et al. JAHA. 2020

• Community intervention in two South Side Chicago neighborhoods with 
proximity to primary stroke centers

• “Stroke promoters” 
• Trained laypersons from the target community
• Taught peers about 9-1-1 for acute stroke
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CEERIAS

• 242 Community 
Promoters
• 81 Black Men
• 133 Black Women
• 4 Hispanic Men
• 5 Hispanic Women
• 3 NH White Men
• 16 NH White Women

• 39,795 Pact to Act FAST 
Pledges returned

Prabhakaran et al. JAHA. 2020



CEERIAS

• Primary Outcomes:
• Increase EMS utilization for confirmed stroke
• Improve early arrival for confirmed stroke

• Overall negative study

• But! Early arrival was significantly improved in certain subgroups:
• Age < 66 years (0.8%/month  increase; p=0.036)
• African-Americans (0.9%/month increase; p=0.037)
• Men (1.2%/month increase; p=0.026)

Prabhakaran et al. JAHA. 2020



Impact on Stroke-Specific Transports?

• All EMS calls from the municipal EMS provider agency with:
• Paramedic impression of stroke 
• Direct transport to a stroke center

• No additional training in stroke for EMS providers
• Timeline

• Pre-intervention: April 2014 through November 2015
• Post-intervention: April 2016 through November 2017

• GIS hot spot analysis
• Getis-Ord Gi* analysis was used to identify hot spots for EMS calls with paramedic 

impression of suspected stroke
• Statistical hot and cold spots are defined as areas where there is <1% chance of case 

clusters occurring by chance

Prabhakaran et al. JAHA. 2020



CEERIAS EMS Sub-Analysis
City-wide EMS utilization

Prabhakaran et al. JAHA. 2020n= 418,796 n= 430,426

Pre-Intervention Post-Intervention



+
+

CEERIAS EMS Sub-Analysis
Paramedic-suspected stroke EMS transports

Prabhakaran et al. JAHA. 2020n= 4,246

Pre-Intervention



+
+

+
+

CEERIAS EMS Sub-Analysis
Paramedic-suspected stroke EMS transports

Prabhakaran et al. JAHA. 2020n= 4,246 n= 4,875

Pre-Intervention Post-Intervention



+
+

+
+

CEERIAS EMS Sub-Analysis
Paramedic-suspected stroke EMS transports

Prabhakaran et al. JAHA. 2020n= 4,246 n= 4,875

Pre-Intervention Post-Intervention



+
+

CEERIAS EMS Sub-Analysis

Prabhakaran et al. JAHA. 2020n= 4,875

Post-Intervention



Paramedic-suspected stroke EMS transports

+
+

CEERIAS EMS Sub-Analysis

Prabhakaran et al. JAHA. 2020

Post-InterventionPacts by ZIP



CEERIAS EMS Sub-Analysis

Prabhakaran et al. JAHA. 2020

Pre-intervention
(suspected stroke/

total EMS calls)

Post-intervention
(suspected stroke/ 

total EMS calls)

Odds 
ratio P value

North Side 1,904/158,408 
(1.20%)

1,978/162,947  
(1.21%) 1.0 0.757

South Side 2,342/260,388
(0.90%)

2,897/264,582  
(1.08%) 1.2 <0.001



CEERIAS EMS Sub-Analysis

• Reasons for the observed increase?

• Patients with true stroke are calling 9-1-1 more?
• May be calling from other parts of the city (e.g., from work)?
• Patients with true emergencies are calling 9-1-1 more?
• Patients with stroke mimics are calling 9-1-1 more?

• Patients are using clearer, more stroke-specific language when interacting with 
9-1-1 dispatchers and paramedics?



Stroke Chain of Survival

Jauch et al. Stroke. 2013
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9-1-1 Call Taking

Emergency 
Telecommunicator 
Determines Type 

of Emergency

Ambulance 
Dispatched

Pre-arrival 
Instructions

Information 
Gathering

Caller Contacts 9-1-1



9-1-1 Call Taking

Identification of stroke during 9-1-1 call

10-minute reduction in scene-to-hospital-arrival time

Caceres et al. JSCD. 2013



9-1-1 Call Interaction

• Transcribed 110 9-1-1 call recordings for confirmed acute 
stroke

• Content analysis and word frequency analysis

• Telecommunicators recognized stroke in 48% of calls
• Median call duration was 61 seconds

Richards et al. PEC. 2017
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Words Matter!

Richards et al. PEC. 2017

Callers’ Descriptors Used Percent of Calls

Vague non-specific symptoms described 55%

Stroke mimics and distractors described 45%

Focal neurologic symptoms described 39%

Unprompted use of the word “stroke” 38%

Time of symptom onset given 5%



Words Matter!

• Encourage 9-1-1 callers to say “stroke”!
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EMS Care
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• Prenotification
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EMS Recognition

EMS Suspected Stroke 
(n, %)
(n=595)

EMS Non-Suspected 
Stroke (n, %)
(n=273)

Unadjusted 
p-value

Adjusted 
p-value*

Received 
thrombolysis

108 (18%) 21 (8%) <0.01 <0.01

Thrombolysis 
among patients 
with LKN 0-4.5 
hours 

108 (39%)
[n=280]

21 (20%)
[n=105]

<0.01 <0.01

OR 2.67, 95% CI 1.63-4.47

Richards et al. ISC. 2021*Adjusted for NIHSS, GCS, age, sex, race, and prior stroke history. 



EMS Recognition

Richards et al. ISC. 2021*Adjusted for NIHSS, GCS, age, sex, race, and prior stroke history. 

EMS Suspected Stroke 
(n, %)
(n=595)

EMS Non-Suspected 
Stroke (n, %)
(n=273)

Unadjusted 
p-value

Adjusted 
p-value*

ED arrival to 
thrombolysis, 
minutes, median 
(IQR)

64 (49 to 95)
[n=108]

83 (72 to 122)
[n=21]

0.03 0.02

EMS arrival to 
thrombolysis, 
minutes, median 
(IQR)

91 (76 to 127)
[n=105]

118 (95 to 165)
[n=20]

0.03 <0.01



Association with Outcomes

• Retrospective analysis
• ESO Data Collaborative

• Linked EMS and ED/hospital electronic medical records from across the US
• Dispatch, paramedic report, ED/hospital diagnosis, and disposition

• 608 EMS agencies across the US



Association with Outcomes

• Inclusion criteria
• Emergency ground transports
• Patients ≥ 18 years old
• “Stroke” or “TIA” in any of:

• 9-1-1 Dispatch Impression 
• EMS Impression 
• ED or Hospital ICD-10

• Calendar Year 2021

• Exclusion criteria
• Duplicate encounter
• Missing any ED/Hospital ICD-10
• Interfacility transports

• Outcomes
• Home or short-term acute 

rehabilitation were considered 
favorable hospital dispositions

• Statistical Analysis
• Univariable odds ratios and 95% 

confidence intervals (95% CI) were 
used to assess the association 
between prehospital recognition 
and hospital disposition



Association with Outcomes

• Transported from home/community site
• n=25,461

• Odd ratio for home/short term rehabilitation if stroke recognized 
by:
• On-scene EMS: 1.43 (95%CI 1.34-1.52) 
• 9-1-1 Dispatch: 1.55 (95%CI 1.41-1.70) 
• Both: 1.80 (95%CI 1.62-2.01) 



Identification of Confirmed Stroke

9-1-1, but not EMS
EMS, but not 9-1-1

Hospital Stroke Diagnosis

3.8%

13.2%

36.4%

46.7%

Both 9-1-1 and EMS

Neither 9-1-1 nor EMS
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Stroke-Specific Prenotification

Kim et al. EJN. 2009



Stroke-Specific Prenotification

stroke.org/en/professionals/stroke-resource-library/pre-hospitalems



Stroke-Specific Prenotification
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EMS Mantra



Severe Stroke Screening

• Since 2015, focus has shifted to prehospital screening for severe 
stroke

• Direct transport to comprehensive stroke centers:
• ASRH: thrombolysis  transfer
• PSC: thrombolysis  inpatient admission
• TSC: thrombolysis, endovascular  inpatient admission
• CSC: thrombolysis, endovascular, hemorrhagic stroke  Neuro ICU



Interfacility Transfer Times

Prabhakaran et al. Stroke. 2011



Interfacility Transfer Times

Stamm et al. JAMA. 2023



Destination Recommendations



Destination Recommendations



Destination Recommendations



Basic Stroke Screening



Severe Stroke Screening
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Severe Stroke Screening

• Many exist
• RACE, LAMS, C-STAT, etc, etc, etc

• Most prehospital severity screens try to boil down the NIHSS into short, easy to 
administer screening test

• NIHSS is the “gold standard”

• Make the screen shorter and simpler



Severe Stroke Screening

• They are “screens,” not 
“diagnosis”
• Balance Sensitivity and Specificity

• Trade off between missing 
some stroke patients and 
over-triage of non-strokes to 
stroke centers

• Gaps
• Posterior circulation
• SAH

Duvekot et al. Lancet Neurology. 2021



Severe Stroke Screening

Maas et al. Stroke. 2009
NIHSS



Severe Stroke Screening



Outcome of Interest?

• What is the best diagnosis to screen for?

• LVO?
• TSC or CSC

• LVO with severe syndrome?
• EVT candidates

• TSC or CSC
• AIS with high likelihood of decompressive craniectomy

• CSC

• LVO or ICH?
• CSC



Optimization

Jauch et al. Stroke. 2013
Zachrison et al. Stroke. 2023



Optimization

Jauch et al. Stroke. 2013
Zachrison et al. Stroke. 2023

EMT & Paramedic recognition ranges from 58-62%

Emergency Telecommunicator recognition ranges from 41-83%



Optimization

Jauch et al. Stroke. 2013
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Optimization

Jauch et al. Stroke. 2013
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Optimization

Richards et al. Stroke. 2023



Optimization

Screening Diagnosis



Optimization

Screening Diagnosis Treatment



Optimization



Stroke Chain of Survival

Jauch et al. Stroke. 2013
Zachrison et al. Stroke. 2023

Prehospital
Hospital



ASRH on Wheels

Jauch et al. Stroke. 2013
Zachrison et al. Stroke. 2023

Prehospital
Hospital



ASRH on Wheels



Mobile Stroke Unit



Capabilities

• Diagnostics
• Non-contrast CTH 
• (CTA Head)
• POC glucose, VBG, INR, creatinine

• Therapeutics
• Thrombolytic 
• K-Centra, Vitamin K, TXA
• Labetalol, nicardipine gtt, 3% saline, Keppra
• Midazolam, allergy cocktail, RSI meds, routine ALS meds



Time Savings

• PHANTOM-S (Berlin)
• 25-minute quicker alarm-to-treatment time
• 33% tPA treatment in STEMO vs 21% in control
• No increased ICH

• BEST-MSU (Houston)
• First five months of data
• Symptom onset to needle time <60 min in 45% of patients
• 178 minute average symptom onset to groin for IA patients

• PHAST (Cleveland)
• Average last known well to needle: 123 min  97 min



Patient Outcomes

JAMA. 2021;325(5):454-466. doi:10.1001/jama.2020.26345

B_PROUD

BEST-MSU



Patient Outcomes

B_PROUD BEST-MSU



Patient Outcomes

Mackey et al. Stroke 2023



UCH Mobile Stroke Unit



UCH MSU Utilization



Treatment Times

Median Times (Minutes) UCH MSU* BEST-MSU Difference

LKW to Thrombolysis 79 72 +7

Dispatch to Thrombolysis 50 46 +4

MSU Door to Thrombolysis 33 37 -4

Dispatch to EVT Artery 
Access 139 141 -2

MSU Door to EVT Artery 
Access 119 131 -12

*IVT = 69; EVT = 53

27% Golden Hour Thrombolysis



MSU Sustainability



MSU Sustainability

Rajan et al. Ann Neurol. 2025

Threshold



MSU Sustainability

• BEST-MSU cost analysis conclusions:
• MSU is cost effective
• But, dependent on a few factors:

• Pre-existing disability (more favorable for baseline mRS 0-1)
• Number (& proportion) of thrombolysis administrations
• Incidence of stroke in the community
• Cost assumptions



MSU Sustainability

• BEST-MSU cost analysis conclusions:
• MSU is cost effective
• But, dependent on a few factors:

• Pre-existing disability (more favorable for baseline mRS 0-1)
• Number (& proportion) of thrombolysis administrations
• Incidence of stroke in the community
• Cost assumptions

• MSU Reimbursement
• Ambulance Fee Schedule doesn’t allow for itemized medication 
• PRESTO & others are advocating for changes, but that’s a process



Conclusion

Jauch et al. Stroke. 2013
Zachrison et al. Stroke. 2023

Prehospital

Layperson Stroke Recognition

EMD-caller communication

EMS assessment and destination decision



Thanks!

• Questions?
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