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Minutes matter



Understanding Why Minutes Matter



Why Minutes Matter: Message to the ED
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Stroke Systems of Care Models Spanning the Time Spectrum

Prabhakaran, S., et al. 2026 AHA/ASA Guideline for the Early Management of 
Patients with AIS. Stroke.



Prehospital and Arrival–Start Before the Door

• EMS
• 911 activation and dispatch

• Minimizing on-Scene time

• EMS Routing/Re-Routing

• EMS prenotification
• Stroke alert activation prior to arrival

• Key tools
• EMS stroke scale

• LVO screening (i.e.: RACE, LAMS)

• EMS Telemedicine

• OSH Transfers
• DIDO Procedures

• Ambulatory/Walk-in ED triage Identification Strategies
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Growth of Stroke Centers
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Growth of Stroke Centers

• https://usnewsbrandfuse.com/AmericanHeartAssociation (accessed 2.3.23)

• Wira CR 3rd, Melluzzo S, Beasley TM, Magdon-Ismail Z, Day D, Madsen TE, McCullough 
LD, Stein J, Schwamm LH, Gropen T; NorthEast Cerebrovascular Consortium. Stroke 
Center Certification and Performance: A Longitudinal Analysis of the Northeast 
Cerebrovascular Consortium Region. Yale J Biol Med. 2019 Dec 20;92(4):587-596. 
PMID: 31866774; PMCID: PMC6913814.
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Importance of Stroke Centers



Elements of Systems That Save Minutes

• Stroke Protocols
• Pre-written order sets
• Weight-based dosing ready
• tPA/TNK stored in ED or CT

• Team Coordination
• Defined roles:

• ED physician: airway, initial stabilization, evaluation for other cryptic conditions (secondary trauma, 
parent vessel pathology)

• Neurology: decision-making
• Radiology: immediate reads
• Nursing/pharmacy: drug prep without delay

• Parallel Processing
• Registration, labs, imaging, neuro exam all happening simultaneously

• Technology
• Telemedicine
• Teleradiology
• AI-assisted imaging for LVO detection
• Rapid image sharing with comprehensive stroke centers



Door-to-Imaging—Overcoming The First Bottleneck

• Stroke Alert activation
• ABCs
• Registration
• Goal:

• ASAP

• Neuro-Imaging
• Non-contrast CT

• Decision Node: ischemic or hemorrhagic
• CTA ± CTP
• MRI

• Process optimization:
• Stroke team meets patient (ED triage, CT)
• Labs drawn in route (not delaying imaging)

• Key point:
• Imaging should never wait for labs (except rare cases)



The Good: System Innovations Cutting Time 

• EMS to CT Protocols 

Madhok et al: 10min DTCT reduction, 6min DTN, 22% increase in DTN <45min

Sloane et al:  3min DTCT reduction

Cone et al: 4 min CTCT reduction



Decision Node: Ischemic vs Hemorrhagic

• Acute Ischemic Stroke
• Thrombolysis:

• Alteplase or Tenecteplase

• Door-to-needle goal: ≤ 60 min (aspire to ≤ 30)

• Mechanical thrombectomy:
• LVO within 6–24 hrs (selected patients)

• Avoid delays:
• BP management done concurrently, not sequentially

• Hemorrhagic Stroke
• Rapid BP control:

• Target systolic ~140 (context-dependent)

• Reversal of anticoagulation:
• PCC, idarucizumab, andexanet alfa as indicated

• Early neurosurgical involvement:
• Hematoma evacuation, EVD if needed



Head Bleed Alert



Good News



Resilience in the Pandemic

• Teo et al, 2020
• Prolongation in onset to 

hospital arrival time
• In-hospital and treatment 

metrics did not change

• Jasne et al, 2020
• No change in time to 

presentation, door-to-needle 
or door-to-perfusion times

• Riera-Lopez, 2022
• Prehospital diagnostic 

accuracy and the proportion 
of patients treated at the 
hospital level with 
intravenous thrombolysis or 
mechanical thrombectomy 
were not altered



• May, 2018



Resilience For Hyperacute Metrics During ED Crowding….





The Bad….

• Gap Areas

• Geography is 
Destiny

• Boggs et al, 2023 
(For 2018)
• Among 5533 US 

EDs, 2446 (44%) 
are stroke 
centers 



The Bad….

• Gap areas for access to EVT
• Aldstadt J, et al. J NeuroIntervent Surg 

2022



The Bad…Health Inequities….

• Phases of Care/Time Epochs
• Pre-hospital
• Hyperacute
• Inpatient

• Priority Areas
• Geography
• Policy and Regulation
• Economics and Healthcare Resources
• Demographics



The Bad…Health Inequities….
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Finding Solutions: Local Grass Roots Efforts

In 2014 ~ 50% of CT hospitals were stroke certified



Finding Solutions: Local Grass Roots Efforts
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Finding Solutions: Local Grass Roots Efforts









The Ugly….Diagnostic Errors

• Estimates from 130 

million emergency 

department (ED) visits 

per year: 

• 7.4 million (5.7%) 

patients are 

misdiagnosed, 

• 2.6 million (2.0%) 

suffer an adverse 

event as a result, 

• 370,000 (0.3%) 

suffer serious 

harms from 

diagnostic error.



Who Published Their Misses?



• Mean Age <50 y.o.

• Mortality Rate 40%

• Savitz et al, AEM, 2007



• 22% miss rate overall

• 1/3 in 3hr window

• 37% Posterior Syndromes initially 
misdiagnosed

• 65% at the community site 
without a fully documented 
neurological exam were missed



Pitfalls: Diagnostic Errors

• Failure of Early Identification
• Reframe:

• The greatest delay is failure to recognize stroke → no activation

• Key message:
• “The fastest stroke team is of no role if not called.”

• Drivers of Error
• Anchoring, premature closure
• Triage bias / low acuity assignment
• Over-weighting stroke mimics vs under-recognition

• System Fix
• Low threshold for stroke alert activation
• Sudden onset deficit is a stroke until proven otherwise
• Over-triage is acceptable; under-recognition is not



A Unique Challenge



A Unique Challenge



Opportunity to Optimize EM Residency Education

• Survey of EM Residency Programs
• N=48

• 52.1% indicated having a required 
rotation

• 6.2% general neurology, 

• 2% stroke service, 

• 18.8% neurologic intensive care 
unit, 

• 2% neurosurgery, 

• 22.9% on a combination of services.

***Trauma resuscitations are a requirement of all programs





Delay AvoIding Primary Evaluation 
for ThRombectomy of Acute StrokE 
Patients with Large Vessel 
OCclusion in the Angiography 
SuiTe (DIRECT) 



Take-Home Message

• Minutes saved = neurons saved

• Optimize:
• Prenotification

• Direct-to-CT

• Parallel workflows

• Rapid reperfusion decisions

• Areas for Improvement 
• Diagnostic errors

• Disparities

• Geographic Destiny
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