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Stroke Triage and Destination Scenarios



Direct Routing Rationale

• An estimated 56% of patients live within one hour of a                      
thrombectomy-capable hospital

• Patients with Large Vessel Occlusion (LVO) Acute Ischemic Strokes (AIS) should be 
transported directly to an endovascular center

• Delays in interhospital transfers for ET reduce the likelihood of performing endovascular 
intervention

• Interhospital transfer prior to thrombectomy is associated with delayed treatment and worse 
outcome

Smith EE, Schwamm LH. Stroke. 2015;46(6):1462-1467. 

Prabhakaran S et al. Stroke 2011;42:1626-1630.

Froehler MT et al. Circulation 2017; doi.org/10.1161/CIRCULATIONAHA.117.028920
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Questions you need to ask and answer before 
implementing a regional “routing” protocol

• What rates of suspected severe stroke over-/undertriage are acceptable regionally?

• What are the sensitivities/specificities of your EMS dispatchers for stroke?

• What is the prevalence of LVO and/or ICH in the population that your EMS agencies transport for 
suspected acute stroke?

• What is the inter-rater reliability and accuracy of the chosen stroke severity screen for identifying 
LVOs (and ICHs?)?

• How have any time stipulations within the severity based triage protocol been determined?
(e.g. time since LKW for screening eligibility, maximum added allowable transport time for routing)



Where do you start?
At some point, either dispatch or the medics need to consider stroke as the diagnosis



The PLUMBER Study

• Cross sectional study of all patients transported by 
the Mecklenburg county EMS agency who were either

• Dispatched as a possible stroke and/or
• Primary impression of stroke recorded by prehospital 

providers

The Prevalence of Large vessel occlUsion stroke in MecklenBurg County Emergency Response Study

 

 

Dozois AR, Hampton L, Kingston CW, Lambert G, Porcelli TJ, Sorenson D, Templin M, 
VonCannon S and Asimos AW. Stroke 2017;48: in press



LVO Prevalence in PLUMBER

Dozois AR, Hampton L, Kingston CW, Lambert G, Porcelli TJ, Sorenson D, 
Templin M, VonCannon S and Asimos AW. Stroke 2017;48: in press



Poor accuracy of stroke identification by EMS Dispatch

• Sensitivity of 35-53%

• Specificity of 15-18%

Caceres JA et al. J Stroke and Cerebrovasc Dis 2013;22(8):e610-e614.
Krebes S et al. Stroke 2012;43:776-781.

Viereck S et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine 2016;24:89 DOI 10.1186/s13049-016-0277-5
Ramanujam P et al. Prehosp Emer Care 2008;12(3)307-313.

Flowchart Showing the Triage and Initial Diagnoses of the Cleveland Clinic MSU

Itrat A et al. JAMA Neurol 2016;73(2):162-8.



Serial Use of Stroke Screens
Stroke Identification Screen (SIS) followed by a Stroke Severity Screen (SSS)

Experience with the serial 
use of a SIS followed by a SSS 
has never been reported in 
the medical literature  



Serial Use of Stroke Screens
PLUMBER experience

2.7% of patients with an 
LVO had a normal CPSS 
(n=3/113), including 
occlusions of the ICA, M1, 
and the basilar artery

Among patients with a 
positive CPSS, the prevalence 
of LVO increased to 11.2% 
(95% CI 9.3%-13.3%)

Dozois AR.  May18, 2017, SAEM Annual Meeting, Orlando, FL 



Serial Use of Stroke Screens



Stroke Severity Screens



Stroke Severity Screens



Predictive Values of Stroke Severity Screens
Based on a 5% and 10% Prevalence of LVO



Recommended Time Stipulations



Rebuttal

• Agree that inefficient transfer systems of care are a huge issue

• Agree that CSCs and PSCs should work together to improve stroke 
care for everyone

• Rhode Island PSC ELVO protocol work is promising
McTaggart RA et al. JAMA Neurol 2017;74(7):793-800.



Los Angeles Motor Scale (LAMS)
LAMS Definition

Facial Droop
Absent 0 NIHSS 0-1

Present 1 NIHSS 2-3

Arm Drift
Absent 0 NIHSS 0

Drift down 1 NIHSS 1

Falls Rapidly 2 NIHSS 2-4

Grip Strength
Normal 0 Admission Exam 5/5
Weak 1 Admission Exam 2-4/5
No Grip 2 Admission Exam 0-1PU
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Nazliel B et al. Stroke 2008;39:2264-2267. 

Positive LAMS: ≥ 4





Noorian A, Sanossian N, Liebeskind DS, et al. Abstract 83: Field Validation of Prehospital LAMS Score to Identify Large Vessel Occlusion 
Ischemic Stroke Patients for Direct Routing to Emergency Neuroendovascular Centers. Stroke. 2016;47(Suppl 1):A83 LP-A83. 
http://stroke.ahajournals.org/content/47/Suppl_1/A83.abstract.

Derivation
81%
89%

http://stroke.ahajournals.org/content/47/Suppl_1/A83.abstract


RACE Scale

Perez de la Ossa N, Abilleira S, Ribó M, et al. Abstract 18: External 
Validation of the RACE Scale After Its Implementation in the Stroke 
Code Protocol in Catalonia. Stroke. 2017;48(Suppl 1):A18 LP-A18. 
http://stroke.ahajournals.org/content/48/Suppl_1/A18.abstract.

http://stroke.ahajournals.org/content/48/Suppl_1/A18.abstract


Perez de la Ossa N, Abilleira S, Ribó M, et al. Abstract 18: External Validation of the RACE 
Scale After Its Implementation in the Stroke Code Protocol in Catalonia.
Stroke. 2017;48(Suppl 1):A18 LP-A18. 
http://stroke.ahajournals.org/content/48/Suppl_1/A18.abstract.

http://stroke.ahajournals.org/content/48/Suppl_1/A18.abstract




North Carolina versus Rhode Island

EMS in Rhode Island
• 95 total agencies

• Majority are fire based (52) or third 
service (16) municipal departments

• 4,200 licensed providers
Jayaraman MV et al. J NeuroIntervent Surg 2017;9(3):330-332.

EMS in North Carolina
• 1,290 total agencies

• 410 EMS agencies
• 620 fire based

• 40,767 credentialed EMS      
professionals

• May not be affiliated 

Source: NC OEMS, Division of Health Service Regulation
North Carolina Department of Health and Human Services



North Carolina Telestroke Map: 2017



North Carolina Telestroke Map: 2017



10 minute policy
Covers 68%

of population 
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Bogle BM, Asimos AW and Rosamond WD. Stroke 2017;48(10):2827-2835. 
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Bogle BM, Asimos AW and Rosamond WD. Stroke 2017;48(10):2827-2835. 
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Bogle BM, Asimos AW and Rosamond WD. Stroke 2017;48(10):2827-2835. 



“The specific scale chosen may be less important than 
the paradigm that some field severity assessment 

should be done to screen for possible ELVO.”
-MV Jayaraman et al. J Neurointervent Surg 2017;9(3):330-332.



Summary

• Premature to widely implement the Mission Lifeline Severity 
based triage algorithm

• Regions should continue to explore innovative approaches to 
regionalization of acute stroke care

• Prehospital telemedicine to triage
• Stroke Tank studies
• Novel “Pull” versus “Push”protocols



CATALIZE ALADIN
Carolinas Accelerated Transfer Algorithm UtiLIZing Expedited Automated 
Large Artery Occlusion Detection IN Stroke 
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I’m a Local Yokel
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Courtesy of Jayaraman MV

NNT for a good outcome ranged from 3 to 7



Saver Jl et al. JAMA 2016

Time Dependent Effect



“A drop of brain, a day of life…” – Kawano et al. Brain 2017 & Saver JL. Brain 2017

“Save a minute, save a week…” – Meretoja A et al. Neurology 2017

“…for every 15 minute faster ED door-to-reperfusion time, an 
estimated 39 patients would be less disabled at 3 months, 
including 25 more who would achieve functional 
independence.” [out of every 1000 achieving reperfusion]
- Saver JL et al. JAMA 2016



• 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

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

Adeoye O et al. Stroke 2014



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





Field Triage
• Mobile Stroke Units
• Centralized & Coordinated Dispatch
• Mobile Endovascular Teams
• Prehospital Stroke Severity Scales (accuracy range 0.75-0.80)

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



• RISTF convened and agreed to LAMS 4-5 
field triage to CSC if within a 30 minute 
drive time (JNIS 2016)

• LAMS is the right choice for RI

• Demonstrated convergent, divergent and 
predictive validity (Kim JT et al. Stroke 2017)

• 25% of EMS-transported stroke patients 
will have LAMS 4-5, of which >70% will 
be CSC appropriate (unpublished, ISC abstract 2017)



Drip n’ Ship or Mothership?

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

• D2N and D2G times at CSC

• Reperfusion rates at 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



Unfortunate Interpretation



CSCs and PSCs should 
work together to improve 
stroke care for everyone



RESULTS:

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

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

JAMA Neurol 2017

RI Initiative:
1. Notify CSC on arrival
2. Immediate CT/CTA
3. Image sharing to cloud-based 

platform



Newgard CD et al. J Am Coll Surg 2016

• Current national field triage guidelines for identifying seriously injured persons 
use 4 criteria (anatomic, physiologic, MOI and special considerations)

• Collectively, 80.1% sensitive and 87.3% specific for early critical resource use
• 37.3% overtriage rate
• Studied in over 1.5 million patients

We’ve been down this road before…

25% reduction in death for severely 
injured patients who went to a Level 
I trauma center

Sasser SM et al. MMWR 2012



At the end of the day, this is 
really an ethical debate, not a 
data duel…



Visionary Mission: Lifeline Stroke Co-Chairs
Lee Schwamm-istotle Peter Panagos-ocrates



• We know severity-based triage 
offers the most benefit to 
patients with LVO 

• It obviates the harm caused by 
stroke progression while 
awaiting definitive care

• Creates a just and fair system 
wherein all patients have the 
same access to specialized care



THANK YOU
Matthew_Siket@brown.edu

@SiketMD



Rebuttal 



“The severity scales are poor tools”

They have demonstrated accuracy and 
predict CSC need (ELVO & ICH)
It is estimated that ~25% of suspected 
stroke patients will have a LAMS 4-5
Overtriage with LAMS appears to be 
<30%, which is better than current 
trauma triage criteria 



“This will hurt low-volume centers”

Not if implemented correctly. At TMH, 
we have seen a rise in the number of 
stroke patients and an improvement in 
D2N times in 2017, despite administering 
half as much tPA as 2016
Working with CSCs will help ensure 
efficient transfer of appropriate patients 
and retention of non-indicated transfers



“Patient volume will overwhelm CSCs”

LVO and ICH account for a minority of 
acute stroke patients
Providing EMS and referring facilities 
with feedback, education and monitoring 
will help ensure protocol compliance
Transparent system-wide data review is 
important for continued engagement and 
process refinement  



“It is taking patients out of their 
communities for an unlikely diagnosis”

LVO likely accounts for 10-25% of AIS 
and the appropriateness criteria for 
intervention is continually expanding
These patients are the most likely to 
suffer long-term disability and death from 
their stroke
Expediting a process by which they can 
receive definitive care, if needed, is the 
best thing we can do for them



In Summary

The Mission: Lifeline EMS Stroke Triage Algorithm is 
an appropriate first step in the right direction
It should be implemented across the country and 
individualized to meet each region’s needs
We in RI are a successful model of how this can be 
implemented and are proud of the what’s being done



Thank you for this opportunity. Enjoy 
beautiful Newport and the NECC
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