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1.9 million neurons
14 billion synapses

12 km of myelinated fibers



“…it is no longer reasonable to believe that the effect of time 
on the ischemic process represents an absolute paradigm. It is 
increasingly evident that the volume of injured tissue within a 
given interval after the ETO shows considerable variability, in 
large part due to the beneficial effect of a robust collateral 
circulation.” 

Gomez. J Stroke Cerebrovasc Disease. 2018.



Gomez. J Stroke Cerebrovasc Disease. 2018.
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Saver at al. JAMA. 2016.

For each 1000 patients 
treated 15 min faster: 

39 patients with less disability

25 more patients with functional 
independence 

NEED to Reduce Time to Treatment
HERMES: Outcome Correlates with Time to Treatment



Froehler et al. Circulation. 2017.

STRATIS:  Inter-hospital Transfers Associated 
with Treatment Delays and Worse Outcomes

In 984 patients, Direct vs. Inter-Hospital Transfer:
 Saved 110 minutes on average
 Increased odds of functional independence (mRS 0-2 at 90d) by 1.38 
 Increased odds of excellent outcome (mRS 01 at 90d) by 1.46



Hastrup S, et al. Stroke. 2016.

Current Triage Methods for LVO
Low Sensitivity, Low Reproducibility



AHA/ASA: 
LVO Prediction Scales are Not Accurate



Most frequently validated LVO prediction instruments reviewed 
NIHSS, CPSSS, LAMS and RACE 
NO scale predicted LVO with both high sensitivity and high specificity
No convincing evidence for superiority of any one prediction instrument
Systems that use LVO prediction instruments for triage will miss some patients 
with LVO

AHA/ASA: 
LVO Prediction Scales are Not Accurate
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The Brain EKG
Portable
Easy to use
Inexpensive
Fast
Accurate



The Brain EKG

STEMI on 12 lead EKG

Sensitivity - 68.6%
Specificity - 81.2%

Menown et al. Optimizing the initial 12-lead electrocardiographic 
diagnosis of acute myocardial infarction. Eur. Heart J. 2000; 21:275–283.



Prehospital Stroke Detection Devices

1) Cerebrotech Visor
2) Neural Analytics
3) AlphaStroke
4) BrainPulse
5) BrainScope
6) Infrascanner
7) Sense
8) StrokeFinder



Low-energy radio waves pass through the brain at 
multiple frequencies
The device measures brain tissue bioimpedance
in both hemispheres of the brain across a wide 
range of frequencies

Detects fluid asymmetries
Aids in neurological assessment

Volumetric Impedance Phase-Shift Spectroscopy

Bioimpedance Asymmetry for the 
Detection of Severe Stroke



Bioimpedance Asymmetry for the 
Detection of Severe Stroke

NEXT Generation Visor System 
Designed for acute triage
Easy to use

Results within 30 seconds

Objective result

Does not require specialized training

Proprietary machine learning platform








Kellner et al. JNIS. 2018.

Identified severe ischemic and hemorrhagic strokes across 

the entire cohort of all analyzed subjects with:  

93% sensitivity and 87% specificity

Derivation Study of an
Early Version of the Technology



Pilot cohort: 41 Acute stroke codes at MUSC
Healthy normal cohort: 79 normal healthy controls 
VITAL cohort: 128 wide ranging brain pathology subjects

- Multicenter: University at Buffalo, Mount Sinai Health System, MUSC, 
Baptist Hospital at Jacksonville Florida, University of Tennessee

Excluded: Subjects with prior craniotomy or intracranial implant (5%)

The VITAL Study 
And Overall Pooled Analysis With

VIPS Non-Invasive Stroke Detection

Kellner et al. JNIS. 2018.



Need for Severe Stroke Triage
Yes

LVO: ICA/M1
LVO: Prox M2
LVO: Distal M2  
Severe stenosis with NIHSS  ≥ 6
ICH ≥ 60cc
Established Territorial Strokes

No

Acute Small Strokes
ICH < 60cc
Tumors
Old Non-Territorial Strokes
Stroke Mimics
Seizure 
SDH  
SAH 
Other
Healthy Subjects



Results - Overall Pooled Data - 235 Subjects

SEVERE STROKES HEALTHY CONTROLSOTHER PATHOLOGY

THRESHOLD LINE



Results



Results



VIGOR Study: Volumetric Impedance Guiding Stroke Response

Next Steps: Clinical Trial Validation 
Demonstrate Effectiveness as Severe 

Stroke Triage Tool

Validate a refined algorithm to detect Severe Stroke in the hospital

FIELD Study: Field Cerebral Impedance Evaluation for Large 
Stroke Detection 

Expand validation to EMS use in the ambulance

VUE – Visor User Experience – Multicenter, international effort



190 patients studied from 1997 to 1999.
Angiography demonstrated occlusion in 48 patients

Sensitivity of 83% and specificity of 94%
Optimal sensitivity in the proximal ICA (94%) and MCA (93%)



Demchuk et al. Stroke. 2000.



Demchuk et al. Stroke. 2000.

Additional Signs of Arterial Occlusion

Reversed ophthalmic artery flow 
Anterior cross-filling via acomm
Anterior cross-filling via pcomm
Contralateral compensatory velocity increase



Demchuk et al. Stroke. 2000.



The Lucid™ Robotic System by Neural 

Analytics is an FDA/ CE cleared advanced 

ultrasound robotic TCD system that automates 

the collection of neurological brain blood flow 

data.

Robotic Transcranial Doppler

The system is indicated to measure and 

monitor cerebrovascular blood flow and count 

embolic particulate FDA cleared – May of 2018

CE Marked – May of 2018



The Lucid M1 Transcranial Doppler Ultrasound System™ and 

Neuralbot™ Accessory (Lucid Robotic System) is a robotically assisted, 

transcranial doppler medical grade ultrasound system.

It combines an all-in-one neurovascular ultrasound device, 

designed to non-invasively measure and display brain blood 

flow information with a medical robot to collect data under the 

guidance of a healthcare professional

The Lucid Robotic System measures and discerns blood flow patterns in 

a patient’s brain by combining ultrasound with robotics and machine 

learning to identify physiological changes associated with neurological 

disorders in real-time. 

94% accuracy in detection of acute ischemic stroke with Lucid 

System vs. an invasive CT test

The Lucid System collects data equivalent to an expert 

Ultrasound Technologist

Robotic Transcranial Doppler



Analysis is non-invasive and can be performed in 

settings inside and outside the hospital enabling 

physicians and first responders to diagnose brain 

disorders, prior to the need for additional, more 

invasive testing.

It can also be used to monitor particulate in the blood 

during and after surgery and for the detection of 

PFOs (holes in the heart).

Robotic Transcranial Doppler



Robotic Transcranial Doppler

Robotically Assisted

A robotically assisted medical ultrasound 
system capable of searching, finding and 
displaying cerebrovascular blood flow velocity 
and embolic data under the guidance of a 
medical professional.



Spectrogram signal quality and measurements are equivalent to expert 

manual acquisition

*O’Brien, et.al. Fully Automated Transcranial Doppler Ultrasound Insonation of the MCA Using a 
Five Degree of Freedom. Presented. ESNCH 2018

Robotic Transcranial Doppler








AlphaStroke

EEG based technology

Takes approximately 1 minute to provide a reading

Handheld (smartphone size) connected wirelessly to the EEG leads attached to the head.



AlphaStroke

Forest Devices

Founded in 2015 in Pittsburgh

“The first device designed to detect stroke in any environment. The mission of Forest Devices is to reduce 
the disability of stroke victims by getting these patients needed treatments faster.”





BrainPulse

Developed by Jan Medical, Inc., in Mountain View, CA

Technology utilizes accelerometers

Potentially Applicable to acute stroke, concussion, vasospasm, and  other brain pathology

Takes 45 seconds to get a reading

Collaborating with the US Army







New Technology for the 
Prehospital Triage 
of Acute Stroke

Christopher Kellner
Assistant Professor of Neurosurgery
Director, Intracerebral Hemorrhage Program









Brainscope

Developed by Brainscope Company, Inc in Bethesda, MD

Utilizes EEG

Takes minutes to get a reading





Published Evidence

Forty‐eight stroke patients (31 ischemic and 17 hemorrhagic) and 135 stroke mimic controls were 
included. Within the ischemic population, approximately half were CT– but later confirmed for stroke 
with MRI (CT–/MRI+). Sensitivity to stroke was 91.7%, specificity 50.4% (to stroke mimic), NPV 
94.4%, and PPV 39.6%.



Published Evidence

11 peer reviewed publications for use in traumatic brain injury

Collaborating with the Department of Defense



Infrascanner

Developed by Infrascan, Inc. from Philadelphia

Utilizes near-infrared (NIR) to detect differential light absorption between injured and noninjured parts of 
the brain







Publications

18 peer-reviewed publications

Focusing on traumatic brain injury and intracerebral hemorrhage



The evaluation of Infrascanner measurements in comparison to CT scans is based on a total of 431 
patient data, where 122 of them were hematoma cases of various sizes, depths, and locations. Study 
results address the hematomas that clinicians may expect the Infrascanner to detect in the clinical 
practice setting. Consistent with preclinical testing, the Infrascanner demonstrated high sensitivity 
(88%) in detecting hematomas >3.5>3.5 cc in volume and <2.5cm<2.5  cm from the surface of the 
brain. Specificity in the per protocol population was 91%.



Sense

Developed by Sense Diagnostics from Cincinnati, OH

Utilizes low powered electro-magnetic pulse in the radiofrequency range

Detects changes in the signal that may indicate hemorrhage, swelling, or seizure









Strokefinder

Developed by Medfield Diagnostics from Goteborg, Sweden

Utilizes microwave technology

Proposed for stroke and traumatic brain injury







Evidence

8 peer reviewed publications



10 ICH and 15 ischemic stroke, 65 healthy vounteers
Differentiating ICH from ischemic stroke 
AUC 0.85
Differentiating ICH from healthy
AUC 0.87

2014



Conclusions
Time is critical for some patients.

We need new technology to triage these patients.

We have some good options that require 
further investigation.



Thank you.
Questions?
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