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Stroke Treatments



After occlusion, neuronal death begins at a rate of 1.9 neurons/min

Stroke: Time is Brain
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Kona Left MCA Occlusion

• Last known normal 11:30 AM

• Telestroke activation 1:00 PM

• tPA bolus 1:30 PM

• Arrival at QMC 6:30 PM

• Transit time: 5:00

• Total ischemia time prior to arrival: 7:00









North Hawaii Left MCA Occlusion

• 41 year old woman
• Witnessed onset 8:30 AM
• Telestroke activation 11:15 AM
• tPA bolus 11:30 AM
• QMC arrival 2:45 PM
• Angio start 3:10 PM
• Recanalization 3:25 PM

• Transit time: 3:15
• Total ischemia time: 6:55



























Telestroke Program

• 3,000 strokes per year in Hawaii

• #3 cause of death, leading cause of adult disability

• Low tPA utilization in Hawaii at start of the project in 2011

• High variability in tPA utilization among Hawaii hospitals due 
to poor neurology coverage

• Long delays in treatment time due to poor systems of care

• Telestroke project funded by Hawaii DOH in 2011

• Hub and spoke model with 8 Hawaii hospitals



Neurologist Distribution
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Hub and Spoke Network



Staffing Model

• Queen’s-employed neurologists on-call

• 24/7/365 teleconsultation for acute stroke

– Remotely review the CT scan through BEAM

– Examine the patient via telemedicine cart

– Identify contraindications/indications and discuss 
risk/benefit of IV tPA

– Recommend for or against IV tPA and thrombectomy

– Triage whether patient needs transfer or can remain at 
originating site



Documentation

• Calls recorded by Transfer Call Center

• Transfer Call Center generates a Queen’s MRN for 
patients if they do not already have one

• Stroke physician writes a brief note in Queen’s 
Carelink (Epic) using SmartText template

• Note is now auto-faxed to referring hospital ED and 
Medical Records





Annual Telestroke Rates 2012-2019
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Telestroke Completed

tPA

• Total telestroke consults 1,637 with 556 patients treated with IV tPA
• $45,000 direct medical cost savings per tPA-treated patient = $25 million to date
• Only 1/3 of patients required transfer to QMC and 2/3 remained in their community



Telestroke Visits to Date



• In 2019, we gave more tPA by telemedicine (136 cases) than 
we did in-person at QMC Punchbowl (116 cases)

• In 2019, 1/3 of the tPA treatments in the state of Hawaii were 
done by us using telemedicine

• The telestroke project was initially funded by a total of $930K 
in grant support from the DOH Neurotrauma Special Fund

• Converted to a self-sustaining, subscription based business 
model after grant support ended in June



Hawaii Stroke Coalition



Hawaii Stroke Coalition

• Multi-organization community stakeholder group consisting of 
voting members from all 17 acute care hospitals in Hawaii and 
Hawaii EMS.

• Meet every other month to review stroke quality data, share 
best practices, collaborate on public education efforts, and 
improve processes between EMS and hospitals.

• Started in 2012 as Hawaii Stroke Taskforce



Hawaii Stroke Coalition Activities

• Passed Hawaii state legislation Act 211

• Trained EMS personnel on pre-hospital stroke recognition 
using LAPSS and C-STAT

• Launched pre-hospital stroke code activation program

• Sponsored public education campaigns

• Created state guidelines for recognition of “Hawaii designated 
stroke hospitals”

• Mandated reporting of quality data using Get With the 
Guidelines-Stroke as our statewide stroke registry

• EMS bypass rules for large vessel occlusion strokes





Act 211

• Recognizes Hawaii Stroke Coalition as a community 
stakeholder organization composed of representatives from 
all participating hospitals, EMS, and DOH

• Requires all participating hospitals to report quality data 
through GWTG-Stroke

• Grants Hawaii Stroke Coalition an advisory role in determining 
prehospital stroke recognition tools, activation, and triage



Statewide Improvements in Stroke 
Treatment Due to Telestroke 

Project and Hawaii Stroke Coalition







Ongoing Developments

• Bypass rules for mechanical thrombectomy in 
large vessel occlusion stroke

• Pre-hospital telemedicine

• Shared imaging with RAPID CT perfusion



EMS Bypass Rules





RAPID Perfusion



Tele-Neuro ICU



Patient Story









Post-thrombolytic monitoring

• Triage which patients are safe to remain at originating hospital

• Nurse-driven monitoring of the neurological examination

• Pro-active versus reactive monitoring of stroke patients

• EMR access at originating hospital

• Availability of nurses and allied health professionals from the 
Comprehensive Stroke Center

• Stroke etiology and work-up

• Prognosis and patient / family support



Tele-Neurocritical Care / Neurology

• Non-operative intracerebral hemorrhage

• Seizures and status epilepticus

• Remote review of continuous EEG monitoring

• Treatment of intracranial hypertension in non-operative TBI

• Management of Guillain-Barre and other causes of diagnosed 
neuromuscular weakness

• Encephalopathy and pain-agitation-delirium

• Assistance with brain death determination



Choosing Models of Tele-ICU

B. Decentralized tele-ICU: A physician in office or home

A. Centralized tele-ICU: A physician in tele-ICU center



Telestroke Best Practices



Telestroke definitions

• Originating site: where the 
patient is

• Distant site: where the provider 
is

• Hub-and-spoke: one distant site 
provider group covers multiple 
originating sites simultaneously 



Define the use case / model: is your 
organization the telestroke provider, 

recipient, or both?

“Know thyself…”



What is the goal of your telestroke
program: increase transfers or keep 

patients in their communities?



Is telestroke right for your organization 
or should you be doing it in-person?
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Is telestroke supplemental coverage or your only 
coverage?

Neurologist 
Distribution



Identify local clinical champions



Work together with provider group 
and originating site to create a 

workflow specific to each hospital



Define standard activation criteria for 
telestroke



How does telestroke activation fit in 
with prehospital activation and direct-

to-CT protocols?



How does the remote provider interact 
with in-person providers at the 

originating site?  

• Who is writing orders?
• Who is discussing risks and 

benefits of treatment?
• Who gets the final say about 

treatment decisions?



Is it a provider-to-provider consult or 
direct-to-patient (or somewhere in 

between)?



Delineate responsibilities at the 
originating site

• Taking the history

• Assistance with or performance of the NIH 
stroke scale

• Discussion of risks and benefits

• Mixing tPA

• Treatment of blood pressure



Figure out how to modify the exam for 
telemedicine





Make sure there is a good fit 
between provider group and 

originating site: consider alternate 
providers (if possible)



Visit the sites in-person prior to launch 
and at regular intervals after launch



Establish relationships with originating 
site providers by whatever means 

necessary



Make sure the providers understand 
the local resources at the originating 

site





25 tPA
10/25 
transfer

30 tPA
29/30 transfer

40 tPA
2/40 transfer

What happens after tPA: drip-and-
ship, drip-and-keep, or a little of both?



“One and done” or ongoing care: what 
happens after the ER consult?



Choose technologies in service of the 
clinical workflow not vice versa



Integrate review of imaging into the 
clinical workflow and technology



Out of Order

Test the technologies and clinical 
workflows prior to program launch?



Make sure the technology works 
when needed

• Proactive monitoring

• IT delegation of responsibilities

• Help desk support

• Vendor support

• Regular hands-on equipment tests

• Mock telestroke code



What is the back-up plan if the 
technology fails?



Figure out how to document clinical 
decision making in the medical record

• Shared EMR

• Originating site EMR access

• Health information exchange (HIE)

• Fax

• Secure email



Sharing data and outcomes between 
hub and spoke sites: real time 

feedback



Grant support is a great way to start 
but…

• Don’t give it away for free

• Start planning the business model for the 
end of grant support

• Keep it affordable



Payment models for telestroke

• Subscription

• Volume-based prorated subscription

• Per-click

• Hybrid

• Fee-for-service

• RVU



Bill for your services

• Provider professional fees

• Facility originating site fees







Telestroke etiquette

• Eye contact

• Professional appearance

• Proper lighting

• Non-verbal gestures

• Lag / echo

• Specifying object of speech









Don’t discount the phone (especially 
for heads-up comments, provider-to-

provider discussion)



Teaching moments: using the 
opportunity to teach examination skills



“I have seen the specialist” -
telemedicine is a two-way interaction



Stay on the line after the tPA decision

• Double check the dose, drug, and vial
• Look at the infusion pump
• Make sure blood pressure goals are 

met
• Minimize delays and distractions 

(EKG, Foley, etc)
• Make sure tPA is started in a timely 

manner



Avoid provider burnout

• Provider satisfaction is independent of pay

• Shared call schedule

• Nights and weekends

• Integration with in-person practice

• Other professional responsibilities

• “Invasiveness”




