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Objectives
Discuss how to remain thorough & efficient with acute 
code stroke processes in rural settings

Review tools to support decision-making with regards to 
stroke diagnosis and reperfusion decisions

Outline the role of the rural community ED, critical access 
site and ASRH in the larger stroke system-of-care



Where I Live & Work…
Aging population that values community-based 
care, yet workforce and geographic challenges 
the equitable delivery of care



Some Fundamental Truths…
Time is brain, disability & quality of life

Designated stroke centers are associated 
with improved patient outcomes

Stroke systems-of-care are evolving rapidly 
and have the potential to markedly reduce 
the overall burden of disease

Saver JL. Brain 2017
Meretoja A et al. Neurology 2017

Saver JL et al. JAMA 2016
Ganesh A et al. Neurology 2016

Xian Y et al. JAMA 2011
Adeoye O et al. 2019



Justification
• 5th leading cause of death in the US

• Leading cause of disability ($74 billion)

• 17 million strokes per year (85% ischemic)

• Burden of stroke in the US estimated to double by 2050

Death Disability Recovery

Towfighi A, Saver JL. Stroke. 2011
Feigin VL, Forouzanfar MH, et al. Lancet 2014

Howard G, Goff DC. Ann NY Acad Sci 2012



Xian Y et al. Stroke 2021



https://www.usnews.com/news/health-news/articles/2022-02-03/almost-all-americans-are-now-within-1-hour-of-good-stroke-care
Boggs KM et al. JACEP Open 2022

91% within an hour drive time to an ASRH or more

96% within an hour to a telestroke capable facility

2446 (44%) stroke centers
• 297 CSCs

• 14 TCSCs

• 1459 PSCs

• 678 ASRHs

https://www.usnews.com/news/health-news/articles/2022-02-03/almost-all-americans-are-now-within-1-hour-of-good-stroke-care


65,384 tPA treated AIS patients

Kim JT et al. Circulation 2017;135(2):128-39



Saver Jl et al. JAMA 2016

Time Dependent Effect in LVO



In 2015, 10,284 thrombectomies were performed 
in the US of 31,866 LVOs presenting with 
LKW<6h and ASPECTS >6

In Q3 2016, 27.3% of eligible patients were 
treated

Estimated LVO incidence of 24 (95% CI 20-28) 
per 100,000

Rai AT et al. BMJ 2016
Smith EE et al. Circulation 2017

Adeoye O et al. Stroke 2014
Rai AT et al. SNIS 2017



Reasons for Failure
Lack of recognition

Delay to diagnosis

Inefficient transfer systems-of-care

ASPECTS decay during inter-facility transfer

 Occurred in 1/3 of patients (31%) in one study

Mokin M, et al. JNIS 2017



A Difficult Ask in Resource-Limited Settings…

 Improve access to care

 Expedite time to diagnosis

 Avoid misdiagnosis

 Consider individual preferences of each patient

 Minimize time to definitive management



Neurology Deserts Are Common…

Roa A, Eaton F. Dementia Neurology Deserts and Long-Term Care Insurance Claims Experience in the United States. Society of Actuaries May 2021. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.neurocern.com/wp-content/uploads/2021/05/2021-dementia-neurology-deserts-1.pdf



How EM & EMS Can Safely & Effectively Lead a Code Stroke Response:

 Stroke screening & severity grading in the field

 Regional destination protocols

 Drip and ship or Mothership?

 Grease the wheels to reduce the friction

 Advanced imaging capabilities?



Field Triage
AHA Mission: Lifeline severity-based stroke triage for EMS

Centralized & Coordinated Dispatch

Mobile Endovascular Teams

Automated decision support for destination determination

Perez de la Ossa N et al. Stroke 2016

3ISS LAMS CPSSS VAN PASS FAST-ED RACE

LOC * * *

Gaze * * * * * *

Face * * *

Arm * * * * * * *

Grip *

Leg *

Aphasia * * *

Neglect * * *



Zhao H et al. Stroke 2017



Cortical Symptoms are the Most Predictive

Lena-Alexandra B et al. Stroke 2018



Drip n’ Ship or Mothership?

• Modelling dependent on:
• D2N and DIDO times at PSC/ASRH

• D2N and D2G times at TSC/CSC

• Reperfusion rates at TSC/CSC

Holodinsky J et al. Stroke 2017



Holodinsky J et al. Stroke 2017
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“No Brainer”

Milne SW et al. Stroke 2017

Conditions required for drip n’ ship to be preferred:

Longer onset-to-first medical response

PSC D2N times < 30 min 

PSC DIDO times < 50 min

CSC D2N times >60 min

CSC Door-to-reperfusion time >200 min

Transport time > 45 min

Ng FC et al. Stroke 2017



Jayaraman et al JNIS 2016

State Stroke Task Force Initiative

Implementation of EMS LAMS

Destination protocols

Streamlined inter-facility transfer process



Jauch EC et al. Stroke 2021 



chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.stroke.org/-/media/Stroke-Files/EMS-Resources/Stroke-Destination-Change-032021/DS17297_ASA-Stroke-Transport-
Graphics_Rural-Final.pdf



EMPOWER & SUPPORT THE TEAM:

• Potential reperfusion decision?

• Deficits ongoing, focal & disabling?

• Evidence of a clear mimic?

• Are symptoms positive or negative?

Balance SNS & SPC…Think of Distributive Justice



Spend a Moment
Considering Atypical & 
Subtle Presentations



Work in Parallel – Singularly Activate

Trust

Teamwork

Parallel-
Processing

EMS

ED Provider

ED Nurse

Registration

Radiology

Lab

Tele-Neurology?

Pharmacy?

ED Tech?
Goyal M et al. Stroke 2014 



Minimize steps & handoffs
WHAT MAKES SENSE FOR YOU?

• Can you collect data prior to arrival?
• Designated stroke pitstop?
• ED Resource nurse?
• Stretcher scale outside of CT?
• One-stop for all imaging 
• tPA mixing at the bedside or in pharmacy?
• Eliminate excessive checkbacks?
• Hold EMS for possible re-routing?
• Early / one call activation of NIR team?

Cut the fat!
FOCUS ON WHAT MATTERS MOST!

• Old habits die hard.. 



Ashcraft S et al. Stroke 2021

Design a Process, Test & Refine



Bulmer T et al. Front Neurol 2021



Bulmer T et al. Front Neurol 2021



Shifting Bottlenecks

Goyal M et al. JNIS 2016



What Imaging Works Best for You?

Buren SA et al. J Magn Reson Imaging 2022

 Direct-to-CT?

 CT/CTA?

 Perfusion (CT or MR)?

 Field-based imaging?

 Direct-to-MR?

 Direct-to-Angio?



• 40 minute reduction in 
DIDO time (p<.001)

• Twice as likely to have a 
favorable outcome 
(50% vs. 25%, P<.04)

McTaggart RA et al. JAMA Neurol 2017



Reasons to Activate Neurology Expertise Early:
ASRH designation states telemedicine “within 20 minutes of it being necessary”

To assist is parallel-processing (review imaging, chart review for exclusion criteria to thrombolysis, 
patient examination and documentation)

To confirm inclusion criteria for thrombolysis / thrombectomy

To expedite interfacility transfer when necessary

Earlier notification appears to streamline downstream processes



Wilcock AD et al. JAMA Neurol 2021

• Among 153,272 stroke patients 2008-2017, those treated at telestroke hospitals were 
more likely to receive reperfusion treatment and had lower 30-day mortality

Reduce Barriers to Stroke Expertise



Zachrison KS et al. J Stroke and Cerebrovasc Dis 2021

• Among 67,736 telestroke calls at 132 sites between 2013-2019 – longer duration of 
participation was associated with shorter D2N times (39 min shorter per year, p=0.04)

Practice Makes Perfect



No Telestroke? – Keep it Simple

Time LKW

Description of ongoing 
deficits (NIHSS-ish)

Blood glucose, vital signs

Pertinent imaging findings

Contraindications to 
thrombolysis

Summary of Current Contraindications to tPA

Nondisabling symptoms

Extensive/severe hypoattenuation on CT

Recent Ischemic stroke w/i 3 months

ICH on CT or hx of ICH/SAH

Acute head trauma (or severe w/i 3 months)

Intracranial/spinal surgery w/i 3 months

Coagulopathy (warfarin with INR>1.7, oral anticoagulant use w/i
48 hours or coag studies are normal, full dose heparin/LMWH 
within 24 hours). Do not generally wait for platelet count and 
coag studies, but do not administer if platelet count is known to 
be <100,000/mm3, INR>1.7, aPTT>40s, or PT>15s

Current intracranial neoplasm, infective endocarditis, aortic arch 
dissection, GI malignancy

GI bleeding w/i 21 days

Powers WJ et al. Stroke 2019



Discussing Risks & Benefits of tPA

Gadhai et al. Stroke 2010

Opportunity for consensus language that conveys an institutional 
standard rather than placing pressure on providers in the moment

 This shows the 3 month outcomes of 100 patients treated within 3 hours 
of stroke onset:
 Patients treated with tPA are between 1.5 and 2x as likely to return to normal or near 

normal function at 3 months
 1 in 7 patients who receive tPA have an improvement in outcome due to the drug
 The effects of the drug are time-dependent. If the drug can be given within 1.5 hours of 

onset, the chance of improvement increases to 1 in 3
 1 in 18 patients who received tPA had significant bleeding due to the drug
 The risk of dying from the stroke is similar regardless of the treatment
 tPA increases the chances of functional independence, but with a 10-fold increase in risk 

of bleeding  



Can we better predict individual 
clinical response to thrombolysis?

Saposnik G et al. J Stroke Cerebrovasc Dis 2013

• iScore applied to >12,000 patients at 154 sites
• iScore > 200: NNT 385, NNH 5-17; p<0.05
• Validated in NINDS cohort:



Ensuring Diagnostic Accuracy
Prioritize assessment to measuring ongoing focal neurologic deficits:

Negative symptoms suggest ablative phenomena – i.e stroke
Positive symptoms  suggest irritative / non-ischemic phenomena

When tPA is given to a stroke mimic, complications are rare:
Among a cohort of 72,582 tPA treated patients from 2010-2017:

sICH 0.4% (aOR 0.29; 95% CI, 0.17-0.50) vs. 3.5% in stroke
In-hospital mortality 0.8% (aOR 0.31; 95% CI, 0.20-0.49) vs. 6.2% in stroke

Ali-Ahmed F et al. Circulation: Cardiovasc Qual and Outcomes 2019



Should tPA be Used in Minor Nondisabling Stroke?

Khatri P et al. JAMA 2018

• PRISMS trial terminated after 313/948 enrolled

• NIHSS 0-5 AND deficits “not clearly disabling”

• No significant difference in mRS 0-1 at 90 days

• sICH 3.2% vs. 0% (risk diff, 3.3%, 95%CI 0.8-7.4)



Be Vigilant for Deterioration or Complication
Intra- and post tPA monitoring is 
time intensive!

Serial neurologic assessments and 
vital signs every 15 min for 2 hours, 
then every 30 min for 6 hours, then 
hourly until 24 hours post tPA

Have a readily accessible 
protocol for sICH and orolingual 
edema

Powers WJ et al. Stroke 2019



Ensure Appropriate Disposition
Organized stroke unit care is associated with improved 
outcomes (OR 0.77; 95% CI, 0.69-0.87) 
If no dedicated stroke unit, be sure to do the basics well:

Control fever, blood glucose and aspiration risk

Langhorne P et al. Cochrane Database Syst Rev 2020
Middleton S et al. Lancet Neurol 2011

NNT 6.4 to prevent death or 
significant disability at 90 
days



Keep the Wheels Greased
Education, simulation & feedback are 
critical at low volume centers
Focusing on OTT and DIDO ensures 
stakeholders are mindful to the entire 
stroke chain of survival
For many resource-limited settings EMS 
holds the key to efficiency on the front & 
back end



Strategies to streamline interfacility transfers
Hold EMS when transfer suspected prior to arrival

Auto accept at regional hub

Consider ‘give and go’ instead of ‘drip and ship’
Tenecteplase appears to be non-inferior to 
alteplase and has been shown to reduce D2N and 
DIDO times
Bolus only dose over 5-10 seconds

Warach SJ et al. 2022 [preprint] https://doi.org/10.1101/2022.07.12.22277564



Take Home Points
Exceptional ED stroke care is achievable in resource-limited settings
Requires alignment of the system-of-care including prehospital 
severity grading and destination protocols
Align early ED priorities to streamline time to diagnosis when a 
reperfusion decision is to be made
Involve neurologic expertise by telemedicine or phone early
Be mindful of the impact of DIDO and downstream efficiency on 
optimizing patient outcomes 



Thank You
Matthew.Siket@uvmhealth.org

@SiketMD
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