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DECISION SUPPORT TOOL FOR STROKE
PATIENTS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 62/086,077 filed Dec. 1, 2014 entitled SYS-
TEMS AND METHODS FOR ASSISTING IN DECISION
MAKING AND TRIAGING FOR ACUTE STROKE
PATIENTS, which is hereby incorporated by reference.

FIELD

[0002] Embodiments described herein relate generally to
stroke patients and their physicians or healthcare providers,
and more specifically to systems and methods to assist phy-
sicians or healthcare providers in decision making for
patients who are experiencing or have experienced acute
ischemic stroke.

BACKGROUND

[0003] When a physician or healthcare provider initially
suspects that a patient has had a stroke, the physician will
undertake a number of steps to verify the diagnosis. In ini-
tially diagnosing whether the patient has suffered a hemor-
rhagic or an ischemic stroke, the physician may have initially
completed brain imaging using an image scanner. This initial
high level diagnosis is important in considering treatment
options and in particular whether or not to administer throm-
bolytic drugs, which may be referred to as a clot dissolving or
busting drug. Until recently, the thrombolytic drug referred to
as a pharmacological tissue plasminogen activator (tPA) has
been the only non-surgical standard of care for treating
patients with acute ischemic stroke. There are several differ-
ent types of tPA which is a recombinant human protein.
Alteplase is the generic name of the marketed version of tPA
that is used to treat stroke. As is known, tPA works by break-
ing up the thrombus or blood clot blocking blood flow to the
brain that had caused the stroke. While this non-surgical
treatment is highly effective in many scenarios, the drug may
not succeed in dissolving the thrombus when the thrombus
itself is either too large and/or the thrombus does not have the
porosity to enable effective and timely penetration of the drug
within the thrombus. In addition, tPA cannot be given to
people who are taking blood thinners or have had recent
surgery or have another of several medical contraindications
to thrombolytic therapy.

[0004] It is in this context that recent stroke trials have
shown efficacy of another treatment, namely the use of vari-
ous endovascular techniques and specifically, the use of cath-
eter systems to remove a thrombus from within the brain
arteries. Endovascular therapy is highly efficacious, however
it entails a very high level of expertise from the surgical teams
as well as the supporting infrastructure. As such, it is limited
to a relatively small number of tertiary care hospitals across
the world.

[0005] As a result, given the generally resource intensive
nature of endovascular therapy and the required skill levels of
the physicians, these procedures may generally only be avail-
able in a relatively low number of large hospitals.

[0006] Stroke, however, is a common disease with a wide
range of severity. That is, minor strokes may require no treat-
ment whereas non-fatal severe strokes can result in a wide
range of outcomes for the patient and a wide range of dis-
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abilities. As such, the ultimate outcome of the patient can be
affected by a number of factors.

[0007] Importantly, many stroke patients will be taken to
hospitals near their community where endovascular therapy
is unavailable. Some of these patients may benefit from
thrombolytic drugs (e.g. alteplase), while others may need to
be transferred to a larger tertiary hospital in order to benefit
from endovascular therapy.

[0008] Decisions on whether to transfer patients need to be
made quickly, as every minute counts in cases where endo-
vascular therapy is the preferred treatment. That is, in a typi-
cal acute ischemic stroke case where affected areas of the
brain are at risk of dying, every minute until reperfusion the
brain loses on average of 1.9 million neurons, 14 billion
synapses and 7.5 miles of myelinated fibers. On the other
hand, in cases where affected areas of the brain are already
irreversibly infarcted, decisions have to be appropriate and
correct to avoid patients being transferred to larger hospitals
where endovascular therapy is unlikely to produce a better
outcome for the patient.

[0009] Currently, the expertise needed to make these triag-
ing decisions is unavailable in community hospitals. As a
result, physicians in these community hospitals may make
decisions that result in significant costs in unnecessarily
transferring patients to larger centers and incurring additional
diagnostic and treatment costs at these larger centers when the
treatment outcome is unlikely to have been improved. On the
other hand valuable time may be lost in decision-making and
other delays in transfer of patients at the community hospitals
who may actually benefit from the transfer to a tertiary care
hospital for endovascular thrombectomy.

SUMMARY

[0010] Inanaspectofembodiments described herein, there
is provided automated decision support tools, systems and
methods for determining whether a stroke patient should be
transferred from a first hospital (i.e. a community hospital) to
a second larger hospital (i.e. a tertiary hospital) where endo-
vascular therapy is available, or whether a stroke patient
should be kept at the first hospital. An example system may
assist in determining if transfer is going to be beneficial or
futile. In some embodiments, the system may do so by deter-
mining if the thrombolytic drug (administered at the commu-
nity hospital) is going to be successful in dissolving the
thrombus or not and by determining the amount of brain that
is already irreversibly infarcted or is likely to be irreversibly
infarcted in the time it takes for the transfer from the commu-
nity hospital to the tertiary hospital. The system may also take
into account practical considerations, such as distance from
the tertiary hospital, age of the patient (date or range, for
example) and severity of stroke symptoms, for example, to
provide tangible output results in helping the physician make
a transfer decision. The system may use efficient processing
techniques to generate output results. In some embodiments,
input factors considered by the system for assisting a physi-
cian’s decision-making regarding stroke patients include the
fundamental severity of the stroke, the specific treatment
received as well as determining estimates of various time
components contributing to the treatment including time pas-
sage from initial symptom onset to mobility of the patient for
treatment, travel time to a care facility, initial diagnosis at the
care facility, imaging time, additional diagnosis time of the
extent and severity of the stroke, time to administration of
drugs and/or the initiation of endovascular therapy, and so on.
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[0011] In another aspect, there is provided a method for a
decision support tool for evaluating a patient suffering from
acute stroke.

[0012] The method may involve receiving patient clinical
information and patient brain scan electronic images at a
processor; generating, at the processor, a patient brain imag-
ing profile using the patient clinical information and the brain
scan electronic images, the imaging profile identifying a
quantity and eloquence of brain tissue that is irreversibly
infarcted, an estimated rate or quantity of patient brain tissue
that become irreversibly infarcted at a future time, a thrombus
morphology associated with an estimate of a thrombus dis-
solving at the future time, and an estimated collateral blood
flow; determining an estimated transport time to transfer the
patient to a treatment facility and an estimated treatment time
for receiving reperfusion at the treatment facility; dynami-
cally determining, using the processor, a patient assessment
profile by: processing the patient clinical information, the
patient brain imaging profile, the estimated transport time,
and the estimated treatment time to generate input data val-
ues; dynamically deriving weighting factors as an assessment
of importance or relevance of the input data values and
assigning the weighting factors to the input data values; deriv-
ing as output data values for the patient assessment profile
using the input data values and the weighting factors, the
output data values being a probability of an expert treatment
decision for transferring the patient to the treatment facility
and providing the reperfusion at the treatment facility, and a
visual representation of the thrombus morphology, the esti-
mated collateral blood flow, and an estimated quantity of
brain tissue that will likely become irreversibly infarcted after
the estimated transport time and/or the estimated treatment
time; and outputting the output data values as clinical deci-
sion support information for triggering display on a display
device, for storing on a storage device, or for transmission to
another processor using a transmitter. The eloquence may
define or reference how important the function of the brain
tissue is. The method may involve determining collateral
blood flow using one or more T,,,,, values as described herein
to provide various visual representations of the estimates. The
processor may be configured with various threshold values
for the probability of the expert treatment decision that may
be physician or health care facility dependent, where each
threshold value may trigger an action or predefined output
result. For example, a probability of the expert treatment
decision over 80% may trigger a transport action.

[0013] In some embodiments, the method may involve
determining that the patient is already at the treatment facility
and updating the visual representation with the estimated
quantity of brain tissue that will likely become irreversibly
infarcted after the estimated treatment time for receiving rep-
erfusion.

[0014] In some embodiments, the method may involve
determining or receiving a patient clinical data profile iden-
tifying an age or age range for the patient and a stroke severity,
the stroke severity defined on a scale of mild, moderate and
severe or based on physician heuristics, and determining the
patient assessment profile using the patient clinical data pro-
file as input to the system model.

[0015] In some embodiments, the method may involve
determining the time elapsed since the onset of stroke symp-
toms as an additional input data value for the patient assess-
ment profile.
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[0016] In some embodiments, the method may involve
determining the patient’s pre-morbid status, general health
and co-morbidities as an additional input data values for the
patient assessment profile.

[0017] In some embodiments, the method may involve
determining the patient’s advanced directives as an additional
input data values for the patient assessment profile.

[0018] In some embodiments, the method may involve
determining current medications and/or medical history of
patient that significantly influence decision making as an
additional input data value for the patient assessment profile,
including blood thinners and recent surgery.

[0019] Insomeembodiments, the method may involve pro-
viding an imaging interface to connect to an imaging device
to receive the brain scan image files, the imaging device
selected from the group consisting of a scanner, a picture
archiving communication system network, and a cloud image
storage device.

[0020] In some embodiments, the method may involve
determining the estimated transport time and the estimated
treatment time comprises determining a required treatment
for the patient and identifying one or more available treatment
facilities based on available treatment services and equip-
ment, available treatment times, available transportation type
and the required treatment of the patient. The method may
also involve determining other time estimates, such as the
estimated transit time of the cerebral perfusion image or other
types of images.

[0021] Insomeembodiments, the method may involve con-
tinuously updating the patient assessment profile using a
feedback loop based on additional input data values including
configurations for the current physician and health system,
additional available patient and health system data, changing
configurations for the physician and health care facility,
updates for the one or more weighting factors, control com-
mands received from a display device displaying the visual
representation.

[0022] Insomeembodiments, the method may involve con-
structing and continuously validating the patient assessment
profile and the input data values using current and future
clinical trial datasets.

[0023] Insomeembodiments, the method may involve con-
structing and continuously validating the patient assessment
profile by receiving additional data and results on adjuvant
therapies including neuro-protection and augmented throm-
bolytic techniques to change physician and health system
heuristics.

[0024] In some embodiments, the method may involve
receiving threshold data for a health care provider to update
and customize the patient assessment profile, the weighting
factors, and the input data values for the health care provider,
the health care data including number of treatment centers
providing endovascular treatment, staff availability, and other
current health care metrics.

[0025] In some embodiments, the method may involve
determining the patient assessment profile by determining a
rate of brain tissue death using collateral assessment on vari-
ous image scans, such as computed tomography (CT) angiog-
raphy (CTA), CT Perfusion (CTP), Magnetic resonance
imaging (MRI) or a combination of thereof.

[0026] Insome embodiments, the method may involve the
likelihood of the thrombus dissolving within a specific future
time as determined by one or more techniques of measuring
thrombus morphology such as a size of the thrombus, length
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of the thrombus, surface area of the thrombus, volume of the
thrombus, and permeability to blood flow of the thrombus.
[0027] In some embodiments, the method may involve
determining a likelihood of the thrombus dissolving with
administration of a thrombolytic drug using the thrombus
morphology and the collateral blood flow, the patient treat-
ment protocol indicating the likelihood of the thrombus dis-
solving with administration of the thrombolytic drug.

[0028] In some embodiments, the method may involve the
output data values of the patient assessment profile to indicate
a comparison between risks of the administration of a throm-
bolytic drug and risks of endovascular treatment, the risks
including a bleeding risk and other potentially major risks
associated with thrombolytic drug administration and a treat-
ment risk of not being able to administer the endovascular
treatment or not successfully providing the endovascular
treatment.

[0029] In some embodiments, the method may involve the
collateral blood flow as determined using multi-phase CTA
(mCTA), Tyand T, values.

[0030] Insome embodiments, the method may involve the
patient brain electronic images as one or more imaging
modalities selected from the group consisting of CT scan,
multi-phase CTA, and CT perfusion, MRI, Trans Cranial
Doppler (TCD), ultrasound (US), Electrical Impedance
Plethysmography (EIS) and other imaging modalities.
[0031] In some embodiments, the patient treatment proto-
col is selected from the group consisting of: transferring the
patient to the treatment facility for treatment with endovas-
cular therapy; transferring the patient to the treatment facility
for direct treatment without additional or repeating brain
scans; retaining the patient at an initial treatment facility for
treatment with a thrombolytic drug; and retaining the patient
at the initial treatment facility.

[0032] In some embodiments, the method may involve
receiving additional patient, clinical and imaging data for
stroke patients; updating the input data values using the addi-
tional patient, clinical and imaging data for stroke patients;
and updating patient treatment protocol using machine learn-
ing and the additional patient data, health system data, the
updating by applying additional weighting factors to the
updated input data values.

[0033] In some embodiments, the treatment protocol pro-
vides a visual representation as a time-based a Computed
Tomography Perfusion (CTP) map interface for display on
the display device. The map interface may receive control
commands and other feedback to re-generate or update the
treatment protocol based on the displayed visual representa-
tion.

[0034] Insome embodiments, treatment protocol indicates
one or more of an automated prediction of thrombus lysability
using the thrombus morphology, an automated quantitation of
collateral status on a CTP map and on multi-phase CTA and
an automated assessment of severe hypoattenuation on non-
contrast CT.

[0035] In another aspect there is provided a decision sup-
port computing tool. The tool may have an image interface to
receive patient brain electronic images. The tool may have a
processor to: receive patient clinical information; generate a
patient brain imaging profile using the patient brain scan
electronic images and the patient clinical information, the
imaging profile identifying a quantity and eloquence of brain
tissue that is irreversibly infarcted, an estimated rate or quan-
tity of patient brain tissue that will become irreversibly inf-
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arcted at a future time, a thrombus morphology associated
with an estimate of a thrombus dissolving at the future time,
and an estimated collateral blood flow; determine an esti-
mated transport time to transfer the patient to a treatment
facility and an estimated treatment time for receiving reper-
fusion at the treatment facility; and dynamically determine a
patient assessment profile by: processing the patient clinical
information, the patient brain imaging profile, the estimated
transport time, and the estimated treatment time to generate
input data values; dynamically deriving weighting factors as
an assessment of importance or relevance of the input data
values and assigning the weighting factors to the input data
values; deriving output data values for the patient assessment
profile using the input data values and the weighting factors,
the output data values being a probability of an expert treat-
ment decision for transferring the patient to the treatment
facility and providing the reperfusion at the treatment facility,
and a visual representation of the thrombus morphology, the
estimated collateral blood flow, and an estimated quantity of
brain tissue that will become irreversibly infarcted after the
estimated transport time and/or the estimated treatment time.
The tool may have a display device to display the patient
treatment protocol as clinical decision support information
including the visual representation. The tool may have a
network interface to provide the output data values for trans-
mission or storage.

[0036] In some embodiments, the processor determines
that the patient is already at the treatment facility and triggers
a graphical update to the visual representation with the esti-
mated quantity of brain tissue that will likely become irre-
versibly infarcted after the estimated treatment time for
receiving reperfusion.

[0037] In some embodiments, the processor determines or
receives a patient clinical data profile identifying an age or
age range for the patient and a stroke severity, the stroke
severity defined on a scale of mild, moderate and severe or
based on physician heuristics, and determine the patient
assessment profile using the patient clinical data profile.
[0038] In some embodiments, the processor receives or
otherwise determines the time elapsed since the onset of
stroke symptoms for use as an additional input data values for
the patient assessment profile.

[0039] In some embodiments, the processor utilizes the
patient’s pre-morbid status, general health and co-morbidi-
ties as an additional input data values for the patient assess-
ment profile.

[0040] In some embodiments, the processor utilizes the
patient’s advanced directives as an additional input data val-
ues for the patient assessment profile.

[0041] Insomeembodiments, the processor utilizes current
medications and/or medical history of patient that signifi-
cantly influence decision making as an additional input data
values for the patient assessment profile, including blood
thinners and recent surgery.

[0042] In some embodiments, the processor provides an
imaging interface to connect to an imaging device to receive
the brain scan image files, the imaging device selected from
the group consisting of a scanner, a picture archiving com-
munication system network, and a cloud image storage
device.

[0043] Insomeembodiments, the processor determines the
estimated transport time and the estimated treatment time
comprises determining a required treatment for the patient
and identifying one or more available treatment facilities
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based on available treatment services and equipment, avail-
able treatment times, available transportation type and the
required treatment of the patient.

[0044] In some embodiments, the processor continuously
updates the patient assessment profile using a feedback loop
based on additional input data values including configura-
tions for the current physician and health system, additional
available patient and health system data, changes configura-
tions for the physician and health care facility, updates the one
or more weighting factors, and processes control commands
received from a display device displaying the visual repre-
sentation.

[0045] Insome embodiments, the processor constructs and
continuously validates the patient assessment profile and the
input data values using current and future clinical trial
datasets.

[0046] Insomeembodiments, the processor constructs and
continuously validates the patient assessment profile by
receiving additional data and results on adjuvant therapies
including neuro-protection and augmented thrombolytic
techniques to change physician and health system heuristics.
[0047] In some embodiments, the processor receives
threshold data for a health care provider to update and cus-
tomize the patient assessment profile, the weighting factors,
and the input data values for the health care provider, the
health care data including number of treatment centers pro-
viding endovascular treatment, staff availability, and other
current health care metrics.

[0048] Insomeembodiments, the processor determines the
patient assessment profile further comprises determining a
rate of brain tissue death using collateral assessment on CTA,
CT Perfusion, MRI or a combination of thereof.

[0049] Insomeembodiments, the processor determines the
likelihood of the thrombus dissolving the over future time is
determined by one or more techniques of measuring throm-
bus morphology such as a size of the thrombus, length of the
thrombus, surface area of the thrombus, volume of the throm-
bus, and permeability to blood flow of the thrombus.

[0050] In some embodiments, the processor determines a
likelihood of the thrombus dissolving with administration of
a thrombolytic drug using the thrombus morphology and the
collateral blood flow, the patient treatment protocol indicat-
ing the likelihood of the thrombus dissolving with adminis-
tration of the thrombolytic drug.

[0051] Insomeembodiments, the processor determines the
output data values of the patient assessment profile that indi-
cates a comparison between risks of the administration of a
thrombolytic drug and risks of endovascular treatment, the
risks including a bleeding risk and other potentially major
risks associated with thrombolytic drug administration and a
treatment risk of not being able to administer the endovascu-
lar treatment or not successtully providing the endovascular
treatment.

[0052] Insomeembodiments, the processor determines the
collateral blood flow using mCTA, T, and T, values.
[0053] Insomeembodiments, the processor determines the
patient brain electronic images of one or more imaging
modalities selected from the group consisting of CT scan,
multi-phase CTA, and CT perfusion, MRI, TCD, EIS and
other imaging modalities.

[0054] Insomeembodiments, the processor determines the
patient treatment protocol selected from the group consisting
of: transferring the patient to the treatment facility for treat-
ment with endovascular therapy; transferring the patient to
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the treatment facility for direct treatment without additional
or repeating brain scans; retaining the patient at an initial
treatment facility for treatment with a thrombolytic drug; and
retaining the patient at the initial treatment facility.

[0055] In some embodiments, the processor is configured
to: receive additional patient, clinical and imaging data for
stroke patients; update the input data values using the addi-
tional patient, clinical and imaging data for stroke patients;
and update patient treatment protocol using machine learning
and the additional patient data, health system data, the updat-
ing by applying additional weighting factors to the updated
input data values.

[0056] Insomeembodiments, the processor determines the
treatment protocol as the visual representation on a time-
based Computed Tomography Perfusion (CTP) map inter-
face.

[0057] Insomeembodiments, the processor determines the
treatment protocol indicates one or more of an automated
prediction of thrombus lysability using the thrombus mor-
phology, an automated quantitation of collateral status on a
CTP map and on multi-phase CTA and an automated assess-
ment of severe hypoattenuation on non-contrast CT.

[0058] In another aspect, there is provided an imaging sys-
tem for evaluating a patient suffering from acute stroke. The
imaging system receives patient brain electronic images. The
imaging system has a decision support computing tool with a
processor to: receive patient clinical information; generate a
patient brain imaging profile using the patient brain scan
electronic images and the patient clinical information, the
imaging profile identifying a quantity and eloquence of brain
tissue that is irreversibly infarcted, a rate or estimated quan-
tity of patient brain tissue that likely will become irreversibly
infarcted at a future time, a thrombus morphology associated
with a likelihood of a thrombus dissolving at the future time,
and an estimated collateral blood flow; determine an esti-
mated transport time to transfer the patient to a treatment
facility and an estimated treatment time for receiving reper-
fusion at the treatment facility; and dynamically determine a
patient assessment profile by: processing the patient clinical
information, the patient brain imaging profile, the estimated
transport time, and the estimated treatment time to generate
input data values; dynamically deriving weighting factors as
an assessment of importance or relevance of the input data
values and assigning the weighting factors to the input data
values; deriving as output data values for the patient assess-
ment profile using the input data values and the weighting
factors, the output data values being a probability of an expert
treatment decision for transferring the patient to the treatment
facility and providing the reperfusion at the treatment facility,
and a visual representation of the thrombus morphology, the
estimated collateral blood flow, and an estimated quantity of
brain tissue that will likely become irreversibly infarcted after
the estimated transport time and/or the estimated treatment
time using the rate or the estimated quantity of patient brain
tissue that likely will become irreversibly infarcted at the
future time. The imaging system has an output device to
output the patient treatment protocol as clinical decision sup-
port information.

[0059] In some embodiments, the imaging system deter-
mines that the patient is already at the treatment facility and
updating the visual representation with the estimated quantity
of brain tissue that will likely become irreversibly infarcted
after the estimated treatment time for receiving reperfusion.
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[0060] In some embodiments, the imaging system deter-
mines a patient clinical data profile identifying an age or age
range for the patient and a stroke severity, the stroke severity
defined on a scale of mild, moderate and severe or based on
physician heuristics, and determining the patient assessment
profile using the patient clinical data profile as input to the
system model.

[0061] In some embodiments, the imaging system deter-
mines the time elapsed since the onset of stroke symptoms as
an additional input data value for the patient assessment pro-
file.

[0062] In some embodiments, the imaging system deter-
mines the patient’s pre-morbid status, general health and
co-morbidities as additional input data values for the patient
assessment profile.

[0063] In some embodiments, the imaging system deter-
mines the patient’s advanced directives as an additional input
data value for the patient assessment profile.

[0064] In some embodiments, the imaging system deter-
mines current medications and/or medical history of patient
that significantly influence decision making as an additional
input data values for the patient assessment profile, including
blood thinners and recent surgery.

[0065] Insomeembodiments, the imaging system provides
an imaging interface to connect to an imaging device to
receive the brain scan image files, the imaging device selected
from the group consisting of a scanner, a picture archiving
communication system network, and a cloud image storage
device.

[0066] In some embodiments, the imaging system deter-
mines the estimated transport time and the estimated treat-
ment time comprises determining a required treatment for the
patient and identifying one or more available treatment facili-
ties based on available treatment services and equipment,
available treatment times, available transportation type and
the required treatment of the patient.

[0067] Insomeembodiments, the imaging system continu-
ously updates the patient assessment profile using a feedback
loop based on additional input data values including configu-
rations for the current physician and health system, additional
available patient and health system data, changing configu-
rations for the physician and health care facility, updates for
the one or more weighting factors, control commands
received from a display device displaying the visual repre-
sentation.

[0068] Insomeembodiments, the imaging system continu-
ously validates the patient assessment profile and the input
data values using current and future clinical trial datasets.

[0069] Insomeembodiments, the imaging system continu-
ously validates the patient assessment profile by receiving
additional data and results on adjuvant therapies including
neuro-protection and augmented thrombolytic techniques to
change physician and health system heuristics.

[0070] Insomeembodiments, the imaging system receives
threshold data for a health care provider to update and cus-
tomizes the patient assessment profile, the weighting factors,
and the input data values for the health care provider, the
health care data including number of treatment centers pro-
viding endovascular treatment, staff availability, and other
current health care metrics.

[0071] Insome embodiments, the imaging system continu-
ously validates the patient assessment profile further com-
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prises determining a rate of brain tissue death using collateral
assessment on CTA, CT Perfusion, MRI, TCD, EIS, or a
combination of thereof.

[0072] Insomeembodiments, the imaging system continu-
ously validates the likelihood of the thrombus dissolving the
over future time is determined by one or more techniques of
measuring thrombus morphology such as a size of the throm-
bus, length of the thrombus, surface area of the thrombus,
volume of the thrombus, and permeability to blood flow of the
thrombus.

[0073] Insomeembodiments, the imaging system continu-
ously validates a likelihood of the thrombus dissolving with
administration of a thrombolytic drug using the thrombus
morphology and the collateral blood flow, the patient treat-
ment protocol indicating the likelihood of the thrombus dis-
solving with administration of the thrombolytic drug.

[0074] Insome embodiments, the imaging system continu-
ously validates the output data values of the patient assess-
ment profile that indicates a comparison between risks of the
administration of a thrombolytic drug and risks of endovas-
cular treatment, the risks including a bleeding risk and other
potentially major risks associated with thrombolytic drug
administration and a treatment risk of not being able to
administer the endovascular treatment or not successfully
providing the endovascular treatment.

[0075] In some embodiments, the imaging system deter-
mines the collateral blood flow is using mCTA, Tyand T, ..
values.

[0076] In some embodiments, the imaging system deter-
mines the patient brain electronic images using one or more
imaging modalities selected from the group consisting of CT
scan, multi-phase CTA, and CT perfusion, MRI, TCD, US,
EIS and other imaging modalities.

[0077] In some embodiments, the imaging system deter-
mines the patient treatment protocol as selected from the
group consisting of: transferring the patient to the treatment
facility for treatment with endovascular therapy; transferring
the patient to the treatment facility for direct treatment with-
out additional or repeating brain scans; retaining the patient at
an initial treatment facility for treatment with a thrombolytic
drug; and retaining the patient at the initial treatment facility.

[0078] In some embodiments, the imaging system is con-
figured to: receive additional patient, clinical and imaging
data for stroke patients; update the input data values using the
additional patient, clinical and imaging data for stroke
patients; and update patient treatment protocol using machine
learning and the additional patient data, health system data,
the updating by applying additional weighting factors to the
updated input data values.

[0079] In some embodiments, the imaging system deter-
mines the treatment protocol as the visual representation on
time-based a Computed Tomography Perfusion (CTP) map
interface.

[0080] In some embodiments, the imaging system deter-
mines the treatment protocol as one or more of an automated
prediction of thrombus lysability using the thrombus mor-
phology, an automated quantitation of collateral status on a
CTP map and on multi-phase CTA and an automated assess-
ment of severe hypoattenuation on non-contrast CT.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0081] Inthefigures, embodiments areillustrated by way of
example. It is to be expressly understood that the description
and figures are only for the purpose of illustration and as an
aid to understanding.

[0082] Embodiments will now be described, by way of
example only, with reference to the attached figures, wherein:
[0083] FIG. 1 is a schematic diagram showing a triaging
tool and interaction of a patient and medical facilities accord-
ing to some embodiments.

[0084] FIG. 2 is a flow chart diagram of a process for an
automated triaging decision support tool according to some
embodiments.

[0085] FIGS. 3A and 3B are screenshots of visual repre-
sentations identifying the presence of a permeable thrombus.
[0086] FIG. 4 provides graphs of thrombus dissolution
rates based on semi-automated detection of permeable throm-
bus and automated detection of collateral flow. Automated
detection may be used in thrombus dissolution or recanaliza-
tion rates of the tool.

[0087] FIG. 5 is a table for an example of a multivariable
logistics regression model that uses constructs in FIG. 4 to
determine thrombus dissolution rates.

[0088] FIG. 6 is a screenshot of a visual representation of
patient collaterals.

[0089] FIG. 7 is a screenshot of visual representations of
image slices from multi-modal imaging including non-con-
trast CT, multi-phase CTA and CT Perfusion. The bottom
panel shows final infarct. The tool may use any or all of these
imaging modalities to estimate infarct over time.

[0090] FIG. 8 is a screenshot of visual representations of
image slices for from automatic generation of arterial input
function for use in CT Perfusion.

[0091] FIG. 9 illustrates visual representations of time-
based CT Perfusion thresholds.

[0092] FIG. 10 illustrates a visual representation charts
used to construct the time based model for infarct growth
using CT Perfusion according to some embodiments.

[0093] FIG.11 is a screen shot of a visual representation of
an image slice of a CTP study according to some embodi-
ments that demonstrates techniques for patient motion cor-
rection.

[0094] FIG.12 is a screen shot of a visual representation of
image slices of a CTP study that shows patient (e.g. head)
motion in the Z-axis.

[0095] FIG.13 is a screen shot of a visual representation of
image slices of a CTP study showing the effect of z-axis
motion on perfusion parameter maps of a CT Perfusion Study.
The CBF and Tmax maps with and without z-axis motion
correction are shown together with the mean value within a
circular region of interest within the stroke affected hemi-
sphere and contralateral hemisphere.

[0096] FIG. 14 is a screen shot of visual representations of
image slices from an application of time-based infarct growth
according to some embodiments.

[0097] FIG.15 s a screen shot of a visual representation of
an example of a 3D clot segmentation from non-contrast CT
(Left Inset) using proposed automated technique.

[0098] FIG. 16 is a schematic of triage computing tool or
device according to some embodiments.

[0099] FIGS. 17 to 21 are schematics of example systems
with the triage tool according to some embodiments.
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[0100] FIG. 22 is a flow chart diagram of the development
process for an automated triaging decision support tool
according to some embodiments.

DETAILED DESCRIPTION

[0101] Embodiments described herein may provide meth-
ods, systems, and apparatus for triaging decision support
tools that can assist in the decision-making at a hospital or
other health care facility for treatment of stroke patients, such
as for example, whether or not to implement endovascular
therapy, transfer the patient to a facility capable of endovas-
cular therapy, administer thrombolytic drugs, or perform
additional imaging.

[0102] FIG. 1isaschematic diagram ofthe triaging process
from home to community hospital to the tertiary hospital in a
hub and spoke stroke care model as an illustrative example
embodiment. The triaging decision support tool 22 may make
the process more efficient.

[0103] As shown in FIG. 1, a patient 10 in a peripheral
community 12 may be suffering a stroke and transferred by
paramedics 14 to an emergency room 16a of a community
hospital 16. At the community hospital 16, a scanner or imag-
ing device may generate one or more brain and neurovascular
brain scan electronic images 165 (in a variety of imaging
modalities) to provide electronic data to a computer device or
decision support tool 22 that seeks to automatically answer
the question 16c whether the patient should be transferred
using a transportation vehicle 18 (of various types) to a ter-
tiary hospital 20 and time to transfer 16d4. The tool 22 may
implement machine learning techniques based on expert phy-
sician data, clinical data, imaging data, and so on. Other
automated answers may also be provided as described herein.
For this illustrative example, the decision support tool 22
receives brain scan electronic images 165 as input from an
imaging device, estimated time data (e.g. time to transfer to
facility 164, time for treatment), patient clinical information
24, and other input data.

[0104] The decision support tool 22 may be configured to
provide an automated tool that takes into account various
imaging and clinical factors captured as input data sources in
providing information to assist a physician in determining the
answer to the question “Should this stroke patient be sent to
the hospital where endovascular therapy is available right
now?”. The decision support tool 22 (which may be referred
to herein as the tool for simplicity) may be updated and
refined using heuristic and machine learning techniques. The
tool 22 may implement mathematical and statistical models
for aspects of embodiments described herein. The tool 22
may also provide an expeditious and appropriate automated
answer or other decision support information for a healthcare
provider. The possible automated answers may include:

[0105] Transfer the patient as soon as possible to the
tertiary hospital for treatment with endovascular
therapy. This may also involve a treatment with throm-
bolytic drugs despite a low (but non-zero) likelihood of
successful recanalization of the occluded vessel with
this therapy.

[0106] Transfer the patient as soon as possible to the
tertiary hospital for endovascular therapy but do not treat
the patient with the thrombolytic drug given futility and
increased harm with the latter.

[0107] Do not transfer the patient. Keep the patient at the
primary hospital and treat him/her with thrombolytic
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drugs only as there is a high likelihood of successful
recanalization of the occluded vessel with this therapy.
[0108] Do not transfer the patient because a large or
critical volume of the brain is already irreversibly dam-
aged or will die before the patient could be transferred
and undergo successful treatment at the tertiary hospital.
[0109] Do not transfer the patient. Keep the patient at the
primary hospital and treat him/her with thrombolytic
drug only because the patient is not eligible for endovas-
cular treatment for reasons of pre-morbid medical con-
ditions, arterial anatomy or other medical reasons.
[0110] Various example factors that are input into the tool
22 and system model may be divided into example categories:
1) clinical factors, 2) imaging factors, 3) estimated time
required to transfer the patient to the tertiary hospital (or other
care facility), and 4) estimated time to receive treatment.
[0111] FIG. 2 is a flow chart diagram of an illustrative
process for an automated triaging decision support tool
according to some embodiments.

Input Information—Clinical Factors

[0112] At 202, the tool 22 receives clinical data for a
patient. The tool 22 may also receive clinical data for other
patients to help construct and validate the statistical and math-
ematical model configuration as will be described herein. The
tool 22 may complete missing data points using estimate and
computed means for example. As additional input data
becomes available the tool 22 may adjust to the additional
input data and provide updated output results.

[0113] Illustrative example clinical factors that may input
into the tool 22 include:

[0114] The age of the patient.

[0115] Severity of the patient’s clinical situation.
[0116] Duration of the patient’s symptoms.

[0117] The patient’s pre-stroke functional status.
[0118] Patient’s advance directives and expectations

regarding quality of life
[0119] Further information regarding a computer applica-
tion that can provide directives and patients’ expectations is
provided, for example, in International Patent Application
Serial No. PCT/CA2014/050899 entitled Systems and Meth-
ods for Obtaining and Displaying Medical Data to Assist
Decision Making During a Medical Emergency the entire
contents of which is hereby incorporated by reference.
[0120] The age of the patient may be determined or esti-
mated when a patient arrives at the hospital. The patient data
may be part of a hospital information system (HIS) or a
radiology information system (RIS) and integrated with or
accessed by the tool 22. Nursing personnel or physicians may
collect primary information on the stroke severity using a
simple standardized scale, such as mild, moderate or severe.
The scale may also be a scale of values or factors. The severity
scale may take into account the patient’s comprehension,
level of consciousness, speech and motor function of face,
arm and leg, for example. This may be done using the NIH
stroke scale as another example.
[0121] The duration of the patient’s symptoms is input in
minutes based on the information available to the nursing
personnel or physicians from witnesses and/or emergency
response personnel. In some cases, a precise time of onset of
stroke symptoms is not known. In such cases, the last seen
normal time may be provided as input.
[0122] The patient’s pre-stroke functional status may be
determined using a questionnaire that takes into account the

Page 31 of 46

Jun. 23,2016

patient’s capabilities prior to the current event, such as the
Barthel Index which records the capacity to perform activities
of'daily living. In some cases, this information is not available
due to the emergency nature of the patient’s condition. In such
cases, that information is inputted as “unknown” and the
system model may adapt accordingly.

[0123] The patient’s pre-stroke advanced directives may be
determined by the treatment medical team (physicians,
nurses), may be available on-line as part of a health record
system or a patient database. In some cases, this information
is not available due to the emergency nature of the patient’s
condition. In such cases, that information is inputted as
“unknown” and the system model may implement machine
learning to adapt accordingly.

[0124] There may be a variety of reasons why the initial
patient clinical data set is incomplete. For example, a patient
may not conscious, no family around, patient is not coopera-
tive, patient cannot be given IV contrast: e.g. contrast allergy,
poor kidney function, imaging attempted but of poor quality
due to patient motion, institutional policy (e.g. do not do CT
perfusion), equipment issues (too old, some things cannot be
done, equipment failed halfway through the procedure) and
so on. Another factor may be the condition ofthe patient, such
as a fluctuating patient and improving patient.

[0125] At 204, the tool 22 receives imaging data for a
patient including the electronic images from the patient brain
scan.

Input Information—Imaging Factors

[0126] Several inputs in the tool 22 may be based on the
electronic images or scans produced from various brain scan
or imaging devices. The imaging may be conducted when the
patient arrives at the hospital, for example. Different imaging
modalities, technologies and formats may be used, as
described herein. Different imaging technologies may also
provide meta-data about the patient in addition to electronic
images.

[0127] For example, electronic images may be generated
from a CT scan ofthe patient’s brain to rule out a hemorrhagic
stroke (i.e. a bleed) prior to proceeding with additional CT
scans to determine if the stroke is an ischemic stroke. The
image set may be updated over time. The physician may also
use magnetic resonance (MR) brain imaging modality, or
another brain and neurovascular imaging device. The tool 22
may work with both CT and MR, for example. Further
examples of other imaging techniques that the tool 22 may
work with include electrical impedance spectroscopy for
imaging brain to provide realistic non-invasive assessments
of the brain including occluded arteries. TCD is also another
example technique.

[0128] Thetool 22 may automatically process the images to
generate a patient brain imaging profile. The imaging profile
may include the images, and additional meta-data identifying
a quantity and eloquence of brain tissue that is irreversibly
infarcted, a rate or estimated quantity of patient brain tissue
that likely will become irreversibly infarcted at a future time,
a thrombus morphology associated with a likelihood of a
thrombus dissolving at the future time, and an estimated
collateral blood flow.

[0129] Further example imaging factors include:

[0130] The amount and location of brain tissue that is
already irreversibly damaged and the amount and loca-
tion of brain tissue that will likely die before the time the

MIM Ex1012



US 2016/0180042 Al

patient reaches the tertiary hospital from the community
hospital and could undergo successful treatment.

[0131] Presence of a target thrombus causing a proximal
intracranial occlusion.

[0132] The likelihood of the thrombus in the patient’s
head dissolving quickly and blood flow be adequately
restored (reperfusion) with the administration of the
thrombolytic drug.

[0133] The risk of giving the thrombolytic drug com-
pared to the risks of endovascular treatment.

[0134] The likelihood of success of endovascular treat-
ment in restoring blood flow (reperfusion) based on
access factors e.g. severe tortuosity.

Determination of the Amount of Irreversibly Infarcted Brain
Tissue and the Amount that Will Likely Die

[0135] Insome embodiments, the tool 22 uses techniquesto
automatically determine the amount of brain tissue that is
likely irreversibly infarcted at the time of initial brain scan.
The tool 22 uses techniques to also automatically determine
the amount of brain that will likely die in the time it takes for
the patient to be transferred from the community hospital to
the endovascular capable hospital. This automated image
processing may use different types of brain scans and imaging
modalities to determine metrics of the imaging profile such as
a non-contrast CT scan; multi-phase CTA; CT Perfusion or
MRI, MR Perfusion, and MR angiography. Example metrics
are described herein such as the amount of brain tissue irre-
versibly infarcted at time of scan and estimated to be irrevers-
ibly infarcted after transfer to endovascular capable hospital.

[0136] The tool 22 is capable of deriving triaging decisions
from each of these scans individually but can use other scans
if and when available to increase accuracy around the triaging
decisions and provide more nuanced information. The tool 22
is flexible which is relevant from an acute stroke treatment
perspective. Sometimes, the patient’s clinical situation is
such that a multi-phase CTA or CT perfusion is not available
because the patient is allergic to the contrast dye used in these
scans or the patient has kidney disease. The tool 22 may use
the non-contrast CT data to make the triaging decision. Other
times, the patient moves on the scanner or is agitated, thus
resulting in only one type of scan available, the other scans
being of poor quality due to patient motion. The tool 22 may
identify poor quality images and use the available informa-
tion from the best scan to make a triaging decision. Some
hospitals, due to logistics or physician preferences, may only
use one or two types of scans. The tool 22 is flexible enough
to provide relevant triaging information using the scans the
hospitals has access to.

[0137] In some embodiments herein, the tool 22 may use
non-contrast CT scan images which is a brain scan image
available in most treatment facilities or hospitals with CT
scanners. A non-contrast CT scan image may be used to
determine the amount of brain tissue that is already irrevers-
ibly infarcted. As an example, the extent and volume of brain
tissue that is likely already irreversibly infarcted may be
delineated using an intensity-based region-growing algo-
rithm that assesses all neighboring regions of a segmented
brain volume to determine if those regions should be included
or not. The regions may be provided as part of the visual
representation for display on a display device. If the centers
use MR imaging, the tool 22 may use diffusion imaging to
determine the amount of brain tissue that is irreversibly inf-
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arcted and a GRE (Gradient Recalled Echo) or SWI (suscep-
tibility weighted imaging) sequence may be used to rule out
bleeding risk.

[0138] Transfer may be futile if a large volume of brain at
risk is already irreversibly infarcted. In some embodiments
herein, the tool 22 takes into account the possibility that one
or two of the three possible brain scans (i.e. non contrast CT,
multi-phase CTA or CT Perfusion) will either be unavailable
or be of insufficient quality to be used. For example, a brain
scan may not be used if a patient has moved during the scan or
there is poor contrast on the images, the resulting determina-
tion would be discarded or given a lesser weighting in the final
determination.

[0139] Insomeembodiments, forexample, a single or pref-
erably multi-phase CTA may be used to automatically deter-
mine collateral status. Collaterals are backfilling pial vessels
beyond a thrombus seen on brain scans. Patients with good
collaterals may have a brain that may be saved by removing
the thrombus while patients with poor collaterals may not
have any brain worth saving in some circumstances. In case of
multi-phase CTA datasets, a temporal maximum intensity
projection may be used to generate a single CTA dataset,
which is independent of the acquisition time. An advanced
vessel segmentation framework may be employed to auto-
matically extract the vessels from this CTA dataset. After this,
the two hemispheres may be automatically separated, e.g. by
non-linear registration of a brain atlas to the NCCT dataset.
After separation of the hemispheres, the volume of the seg-
mented vessels may be calculated for the affected and unaf-
fected hemisphere. In doing so, a ratio between the vessel
volume in the affected and the vessel volume in the unaffected
hemisphere may be calculated. Here, itis assumed that values
close to one indicate a good collateral situation while lower
values indicate a poor collateral situation. This information,
which becomes available in 4-8 pre-specified brain regions,
by calculating this ratio for each phase of the multi-phase
CTA dataset, will determine collateral status and therefore the
amount of brain that is already irreversibly infarcted. The
automatically determined collateral score (ratio of the vessel
volumes in the affected and unaffected hemisphere) on the
mCTA datasets will be validated by comparison to determine
pial arterial filling score using Spearman’s correlation to help
improve accuracy of the automatic determinations.

[0140] Information on collateral status in each brain region
may also aid in determining if that brain region will be irre-
versibly infarcted in the time it takes to transfer the patient to
the endovascular capable care facility. Brain regions with
intermediate collaterals may only survive if the thrombus
blocking blood supply to that part of the brain is removed
quickly. Arrival at the tertiary hospital may need to be less
than a specific time threshold away (e.g. estimate 180 min-
utes) due to transport distance and availability of treatment
modality for the treatment to be effective. For example, a
brain with intermediate collaterals may only survive for an
estimated time period and the time for transfer and treatment
should be less than that time to be effective. Only a brain with
good collaterals may be likely to survive if the tertiary hos-
pital is more than the specific time threshold (e.g. 180 min-
utes) away. Automated regional assessment of collateral sta-
tus using the tool 22 may help physicians making this
determination. Collateral assessment may also be determined
from the source images of CTP. In a facility or centre using
MR imaging, an MR angiogram may be used to determine the
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site of occlusion and collateral status using a similar tech-
nique as outlined above for CT scans.

[0141] In some embodiments, an image scan called CT
Perfusion or CTP may be used. This scan calculates blood
flow in the brain. The tool 22 is configured with automated
software (e.g. as used and refined at steps 208 and 210 of FIG.
2) that determines a probability of the amount of brain that is
likely to be irreversibly infarcted even if the thrombus is
removed very early and the probability of brain that is alive
now but not likely to remain alive over the time it takes to
transfer or transport the patient to the endovascular capable
hospital. To do so, a cerebral blood flow (CBF) map and a
time-to-maximum (T,,,.) map of the impulse residue func-
tion (IRF) may be automatically generated by tool 22 using
techniques described herein. T,, . is defined as the sum of the
time (T,) of the first non-zero value of the IRF plus one-half
the area underneath the IRF (or mean transport time, MTT), in
some illustrative examples.

[0142] Insome embodiments, the tool 22 may use CT Per-
fusion studies (e.g. images) that include the intracranial inter-
nal carotid or basilar arteries in the field of view. The z-axis
(axial) coverage of a CT Perfusion study may be limited to 4-8
cm on many CT scanners available to community hospitals.
3D registration to account for axial motion may not be opti-
mal as it could lead to loss of entire slices for calculation of
hemodynamic maps. Instead, the tool 22 may use 2D rigid
registration to remove in-plane motion in CTP studies. After
2D registration, there may be two automation tasks: to gen-
erate the arterial input function (AIF) and to remove motion in
the z-axis for each slice. For the AIF task, the tool 22 may first
remove bone and air voxels from all slices by thresholding the
first image. The tool 22 may background subtract the time-
density curve (TDC) of each remaining voxel by subtracting
the baseline value before contrast arrives from all data points.
TDCs with an area under the curve (AUC) larger than 95% of
the maximum AUC of all TDCs are then classified into two
groups by K-means classifier corresponding to arteries and
veins. As the mean TDC from the artery group may have a
steeper rising slope than that of the vein group, this feature
can be used to separate the artery from the vein group of
voxels (FIG. 8 image 80). For each slice, the TDC from four
connected voxels with the highest AUC from the artery group
will be chosen (FIG. 8 image 82). The slice TDC with the
highest AUC among all slices may be taken as the AIF. For the
removal of z-axis motion of each slice, a region-of-interest
(ROI) will be automatically generated around the entire brain
after removal of the skull from the AIF task (FIG. 11 image
1100). The TDC from this ROI may be baseline subtracted
and normalized by the average value before it is fitted by
deconvolution with the AIF from the first task (FIG. 11 image
1102 and image 1104). The absolute deviations of the fitted
and the measured TDC at all time points will be determined
(FIG. 11 image 1106). Images at time points where the devia-
tions are more than 0.3 will be removed from the calculation
ofhemodynamic maps for this slice (FIG. 12 image 1206 and
FIG. 13). Using the determined AIF, the tool 22 configured
with CTP perfusion software may then calculate the follow-
ing functional maps: cerebral blood flow (CBF) and T, .,
cerebral blood volume (CBV), and MTT. As shown in FIG.
13, z-axis motion affects cerebral blood flow (CBF)and T,, .
values determined by the tool 22 configured with CT Perfu-
sion software. Since infarct growth may be determined using
CBF and T,,,, thresholds, it may be important to correct for

max

z-axis motion
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[0143] Once the above step is accomplished, the tool 22
may use CTP-Average maps (e.g. averages of all images of
the same slice in a CTP study) to create tissue segmentation
masks (e.g. grey and white matter masks) by removing any
cerebral spinal fluid or old infarcts as an example aspect of a
visual representation. The tool 22 may separate gray matter
(GM) and white matter (WM) based on pre-determined
Hounsfield Unit thresholds (FIGS. 7 and 14). To remove any
voxels caused by inherent noise, the system model will use a
clustering method that will remove any single voxel that is not
part of the confluent tissue of interest (FIG. 14 at 1402). The
tool 22 may then superimpose these segmentation masks onto
perfusion parameter maps created in step above (CBE, CBY,
T, and MTT maps) (FIG. 14 at 1404). The system model
will then use GM and WM time-dependent perfusion param-
eter thresholds that have already determined. Further
examples are provided in Time-Dependent Computed Tomo-
graphic Perfusion Thresholds for Patients With Acute
Ischemic Stroke by Bijoy Menon et al., the contents of which
is hereby incorporated by reference. The tissue segmentation
masks to predict current infarct volumes and infarct volumes
at different times after successful reperfusion with IAT are
arrived at as described herewith. The tool 22 will use a
“double threshold” technique by first applyinga T,, . thresh-
old to define “total at-risk™ tissue (T,,,,>6 seconds) and then
sequentially applying the time dependent perfusion param-
eter thresholds shown as visual representations in FIGS. 9 and
10 for example, and shown in a patient in FIG. 14. These
time-dependent perfusion parameter thresholds may also be
validated using CTP and correlative imaging and clinical data
from different trial databases.

[0144] Validation may involve using the CT Perfusion
datasets acquired at baseline to generate perfusion parameter
(PP) maps after motion correction as described herein. After
this, the derived time-dependent thresholds derived by tool 22
may be applied to the PP maps to determine the expected final
infarction at different follow-up times. Available timed fol-
low-up imaging (NCCT or MR-DWI images) will be non-
rigidly co-registered to baseline PP maps. Multiple neuro-
radiologists (experts), blinded to the results of the PP maps,
may delineate by consensus follow-up infarct regions of
interest (ROIs) on the co-registered MR-DWI or NCCT
images while excluding any small vessel disease abnormality
or chronic/old infarct. The delineated follow-up infarction
volumes may be compared to that derived from PP maps with
the time-dependent thresholds using the Dice coefficient and
the Hausdorff metric.

[0145] This validated probabilistic map of the dead or irre-
versibly infarcted brain tissue at different times following
baseline brain scan may be correlated with the time informa-
tion for transporting the patient to the tertiary hospital, the
time required for treating the patient with the endovascular
procedure and the likelihood of the patient’s thrombus dis-
solving within that time will be used to determine the amount
of tissue that will likely die within that time. A final map is
then made showing the likely area of irreversibly infarcted
brain at the time of the endovascular procedure. Further
details regarding refinement, construction and validation of
the system model with be provided herein in relation to FIG.
2 at 208, 210 and FIG. 22.

[0146] In some embodiments herein, the use of US imag-
ing, TCD imaging, EIS imaging or other scanning technology
may be used to identify the location of arterial occlusion and
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the likelihood of thrombus dissolution. This location will be
used to determine the target for possible endovascular
therapy.

[0147] In some embodiments herein, the physician at the
community hospital may use visual information from the
automated perfusion parameter maps or other scanning
images as decision support in determining whether to transfer
the patient to another treatment facility. That is, acceptable
thresholds for tissue death overtime using all types of avail-
able brain scans are determined using statistical formulae
based on pre-existing datasets and derived using assessments
by expert physicians. For example, acceptable thresholds are
determined for tissue that will likely die within 60 minutes,
120 minutes, 180 minutes, 240 minutes, and so forth.

[0148] In other example embodiments, for example in the
context of fully automated systems, various thresholds for
tissue death are used for each available brain scan, along with
clinical information, information on geographic distance
between community hospital and tertiary hospital, transport
times and other inputs, to automatically determine whether
the patient would have been transferred if an expert physician
were making the decision. Details of this process are
described further herein.

[0149] In other example embodiments, for example in the
context of fully automated systems, various thresholds for
tissue death are used for each available brain scan, along with
clinical information, information on geographic distance
between community hospital and tertiary hospital, transport
times and other inputs, to automatically determine if the
patient can directly be taken to the tertiary hospital’s endo-
vascular operating suite without doing repeat imaging at that
center, thus saving costs of repeat imaging. Details of this
process are described further herein.

[0150] Inother embodiments, in centres using MR imaging
an MR angiography or MR perfusion scan could be used to
produce similar results. Similarly, combinations of different
imaging modalities (CT, MR, TCD, US and EIS or other
imaging type), depending upon availability could be used to
produce output decision support results.

The Likelihood that the Thrombus Will Dissolve Early with
the Thrombolytic Drug

[0151] Different example techniques may be integrated
into the tool 22 to determine the likelihood of the thrombus
dissolving early with the thrombolytic drug. These tech-
niques use information on the size of the thrombus which may
be defined by thrombus length, and using permeability and
collateral blood flow.

Thrombus Length

[0152] The length of the thrombus in the patient’s brain
artery may be determined by tool 22 using multi-modal CT
imaging. The non-contrast CT may be used to simply mea-
sure the hyperdense tubular middle cerebral artery on think
axial (or other angle such as coronal or sagital) images
through the circle of Willis. The tool 22 may use CT (NCCT),
multiphase CTA and/or CTP, for example. The tool 22 may
use one or all of the multimodal CT modality depending upon
availability and image quality. In some example embodi-
ments, the length of the thrombus in the patient’s brain may be
determined by tool 22 using a non-contrast CT scan. In other
example embodiments, the tool 22 may use non-contrast CT
(NCCT) and multi-phase CTA and/or CTP, varying by avail-
ability and scan quality, for this purpose. The tool 22 can use
the CT perfusion and multi-phase CTA to improve accuracy
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of clot length determination on non-contrast CT. Note, the
tool 22 may use CT Perfusion to determine clot permeability,
or other imaging modalities in other example embodiments.
[0153] In case of multi-phase CTA, a temporal maximum
intensity projection may be used to generate a single CTA
dataset. After co-registration with NCCT, the bone tissue may
be segmented in the NCCT dataset using Hounsfield value
thresholds for bone tissue, for example. An advanced vessel
segmentation framework may be employed to automatically
extract the vessels from this CTA dataset. Using the 3D cen-
terline representation of this vessel segmentation, all vessel
endpoints that represent candidates for the proximal and dis-
tal ends of the thrombus will be identified. The 3D course of
the vessel potentially occluded by a thrombus may be
approximated for each vessel endpoint using the neighboring
centerline voxels directly connected to the vessel endpoint.
This allows expanding the centerline locally in the direction
of the potential thrombus. This expanded centerline section
may be used for a regional analysis of the Hounsfield values
in the CTA and NCCT dataset along the expanded vessel,
wherein it is assumed that a thrombus is represented in the
resulting intensity profile by an increase of the Hounsfield
values in the NCCT dataset and decrease of the Hounsfield
values in the CTA dataset.

[0154] Thetool 22 may also use patient specific Hounsfield
values determined from the patient’s non-contrast CT scan
and an automatic 3D volume growing technique within the
extracted vessel endpoint as a seed, for example. This auto-
matic segmentation of the thrombus will enable determina-
tion of the subsequent analysis of its length and morphology,
surface area, and so on.

[0155] The automatic segmentation of the thrombus
enables the subsequent analysis of its morphology. Within
this context, thrombus length and thrombus surface area may
be determined using the above technique will determine like-
lihood of early thrombolysis. The thrombus lysis is dependent
on the length and/or surface area and volume of the thrombus.
Therefore, the tool 22 may calculate thrombus length, surface
area and volume of the thrombus directly exposed to the blood
and thrombolytic drug using the imaging data.

[0156] This automated method of determining thrombus
morphology may be validated against CT data from a large
patient dataset. The automatic thrombus segmentations
developed by tool 22 may be compared with manually delin-
eated thrombus segmentations from expert independent
observers using similarity metrics like the Dice coefficient
and the Hausdorff distance. This validation technique may be
used to improve on the thrombus segmentation technique and
the automated thrombus segmentation technique. Similar
techniques may be used to determine thrombus size and mor-
phology using MRI or TCD or other imaging modalities
based on availability.

Thrombus Permeability

[0157] A thrombus that is permeable to blood (i.e. porous)
may be more likely to dissolve quickly with thrombolytic
drugs compared to a non-permeable thrombus. The system
uses novel techniques to automatically determine the perme-
ability of a thrombus.

Automatic Determination of Thrombus Permeability Using
Contrast Density

[0158] The first technique for determining thrombus per-
meability involves measuring the change in contrast density
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within a thrombus using mCTA scans or source images of a
CTP. Example mCTA techniques are described in Interna-
tional Application No. PCT/CA2013/000761 entitled SYS-
TEMS AND METHODS FOR DIAGNOSING STROKES,
the entire contents of which is hereby incorporated by refer-
ence. The location of the thrombus may be determined on
multi-phase CTA (as an illustrative example) or other imag-
ing modality depending on availability. Next, contrast density
measurements may be taken from the thrombus segment in
the time varied mCTA and/or CTP images, and a time density
curve is obtained from the region of the thrombus. The more
the thrombus region increases in density over time, the more
permeable the thrombus is since the contrast is permeating
through the thrombus. The rate of increase in thrombus den-
sity over the temporal duration of a multi-phase CTA ora CT
perfusion is used to automatically determine the degree of
thrombus permeability. For example, the degree of thrombus
permeability can be presented on a four level scale: no per-
meability, mild permeability, moderate permeability and
extensive permeability, which are then integrated into the
algorithm of the tool 22. This is an illustrative example.

Automatic Determination of Thrombus Permeability Using
the Occult Antegrade Flow Technique on CT Perfusion

[0159] The technique for automatically determining
thrombus permeability uses CT Perfusion TO maps to deter-
mine the forward flow through a thrombus. CT Perfusion TO
maps measure arrival time of contrast from that in a reference
artery (an example is the arterial input function (AIF)) as an
arterial reference point in a CT Perfusion processed map. The
CTP dataset is automatically realigned with CT angiographic
images by tool 22, as described herein, to correct for move-
ment between the scans.

[0160] The 3D centerline representation described in
herein may be used to define the end points of the thrombus.
In a following step, the average map by averaging all the
dynamic images of a CTP study will be registered to the
corresponding CTA dataset using a rigid 3D transformation.
As the average map and perfusion parameter maps are inher-
ently registered with respect to each other, the same rigid
transformation will be applied to the TO perfusion parameter
map so that the corresponding TO values for the proximal and
distal ends of the thrombus can be determined. The distal end
of the thrombus is identified by a higher TO value than the
proximal end. Starting from the distal end point, the vessel
centerline is traced within a volume of interest in the average
map with the distal endpoint as the center and the correspond-
ing TO values are extracted. The T0 values and corresponding
distances to the distal thrombus end point are then used to
calculate the slope of this profile using a regression analysis.
The automatic method of determining thrombus permeability
may be compared to a semi-automatic method using Bland-
Altman plots for validation.

[0161] Ifthe difference in TO values between the proximal
and distal end of the thrombus is small (e.g. <2 seconds) and
the slope of serial TO values distal to the thrombus is signifi-
cantly positive. This generally means there is forward flow
through the thrombus, meaning the thrombus has some
degree of permeability. The difference in TO values between
proximal and distal end of the thrombus and the value of the
slope of the line of best fit of TO values in the artery distal to
the thrombus may be used to indicate the degree of forward
flow through the thrombus, and thus the degree of thrombus
permeability, which can again be presented on a scale.
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[0162] InFIG. 3, each of images 30 and 32 illustrate a CTP
TO map. In image 30, the location of the thrombus and the
distal end of the thrombus is determined on CT angiography.
In image 32, points are marked at the proximal and distal end
of the thrombus as well as along the artery distal to the
thrombus. In image 34, the above CT-angiography image is
overlayed over a CTP TO map and TO values calculated,
where a visual indication of the overlay may be provided as
part of decision support. The graph 36 to the right shows
example calculations that help determine thrombus porosity.
A positive slope and a small difference between TO values
proximal and distal to the thrombus indicate a porous throm-
bus (FIG. 3 at image 30). A negative slope and a large differ-
ence between TO values proximal and distal to the thrombus
indicate a non-porous thrombus (FIG. 3 at image 32).

Collateral Blood Flow

[0163] The tool 22 may also use T,,,, (e.g. TO+%2 of Mean
Transport time) map from a CTP scan to quantitate collateral
flow more precisely. A smaller T, value indicates that flow to
the ischemic region is taking a more direct route while a
smaller MTT indicates that once arrives at the ischemic site,
blood is flowing relatively quickly through the region. This
method of quantitating collateral flow using T, or T, maps
may use similar measurements of thrombus permeability. A
negative distal artery profile slope as described herein may
indicate retrograde flow through collaterals. The degree of the
slope and the difference between proximal and distal throm-
bus interface T, values provide a quantitative assessment of
collateral status. A smaller T,,,value in the distal thrombus
interface may indicate better collateral flow, for example.
Good collaterals may be associated with higher likelihood of
the thrombus dissolving early with the thrombolytic drug;
poor collaterals reduce the likelihood of early dissolution of
the thrombus with the thrombolytic drug significantly. The
tool 22 may use automated collateral assessment from either
multi-phase CTA or the T, maps along with thrombus length
and thrombus surface area to determine probability of dis-
solving early with the thrombolytic drug. The tool 22 may
also track and determine T,,,, which may be defined as the
sum of T, and one half of mean transport time (both generated
by the software) as an additional parameter to characterize
collateral flow. A smaller T, . value may indicate better col-
lateral flow. Accordingly, embodiments described herein may
calculate the collateral flow using one or more T,,,, values.
[0164] The probability of early dissolution of thrombus
using the thrombolytic drug may be modeled by the tool 22 as
a function of thrombus morphology and collateral status
parameters (described herein) using logistic regression analy-
sis, random forest classification, regression model and a trial
patient dataset. Using logistic regression and a likelihood
ratio based approach, the tool 22 may model the probability of
achieving early recanalization as a linear function of the
imaging parameters identified above. The random forest clas-
sification and regression model is a non-parametric high-level
machine learning technique useful for variable selection and
prediction. The predictive performance of this model will be
assessed using the out of bag (OOB) error. Random forest
regression and classification may provide a predictive tool
that makes less stringent assumptions about data distribu-
tions, sample size, and predictor correlations than logistic
regression analysis.

[0165] The prediction models derived from logistic regres-
sion analysis and random forest classification and regression
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models may be validated using an internal validation
approach and the same trial patient dataset.

[0166] For internal model validation, cross-validation may
be used by the tool 22 to adjust for optimism bias (the differ-
ence between the prediction error for the entire cohort and the
training cohort). The tool 22 may implement one or more
training stages for machine learning. The tool 22 may also
conduct external validation using combined data from other
recent patient datasets. Using the models derived and inter-
nally validated in our study data, the tool 22 may obtain the
predictive accuracy of models using the external validation
data. A model with high prediction accuracy may be used as
input into the tool 22.

Additional Imaging Factor: The Risks Involved with the
Thrombus Busting Drug Vs. Endovascular Treatment
[0167] The third imaging factor quantifies the risks
involved with administering the thrombolytic drug to the
patient compared with the risks of the endovascular proce-
dure.

Risks Involved with Administering the Clot Busting Drug
[0168] A serious risk involved with administering the
thrombolytic drug is bleeding in the brain. A likelihood of a
patient bleeding in the brain after receiving the thrombolytic
drug may be determined or estimated with a high degree of
specificity using CTP images based on the concept of very
low blood volume but high vessel permeability. The tool 22
determines the probabilities of bleeding with minimal human
involvement using the techniques described herein and other
imaging techniques.

[0169] For example, the tool 22 may use the non-contrast
CT scan images to determine a degree of hypo-attenuation
(reduced signal) in the ischemic brain. The affected region for
automated analysis may be determined using techniques
described herein. There is risk of bleeding into the brain if the
patient has a sub-acute stroke i.e. present after >24 hrs (e.g. a
long time) from stroke symptom onset with severe ischemia
in certain regions of the brain. Determination of sub-acute
stroke can be made using imaging. It is to be noted that
significant hypo-attenuation on a non-contrast CT scan is
often used by expert stroke physicians to withhold the throm-
bolytic drug from stroke patients. Hypo-attenuation in
ischemic brain that is similar to or lower than normal white
matter hypo-attenuation may indicate severe or sub-acute
ischemia in that region of brain; this is considered a relative
contra-indication for use of the thrombolytic drug because of
the increased risk of thrombolytic drug-associated hemor-
rhage. The tool 22 may use the same techniques described
herein to automatically determine if such a degree of hypo-
attenuation exists in the ischemic region in the brain.

[0170] There may be risks for hemorrhage for different
reasons. Management decisions may be based on whether
blood is sub-arachnoid or parenchymal, if sub-arachnoid,
what is the source of the bleed, if an aneurysm, the best way
to treat it, if an AVM, what is the best way to treat this, if
parenchymal, and so on. Treatment factors may include for
example, age (young, old), location (superficial, deep),
underlying lesion (avm, tumour) or no underlying lesion (hy-
pertension and amyloid angiography), active bleeding or not,
availability of neurosurgical treatment options and medical
options.

[0171] A large brain region with very poor collaterals is
associated with a higher risk of thrombolytic drug-associated
hemorrhage. The tool 22 may also use information derived
from automatic assessment of collateral status in different
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regions of the ischemic brain described herein to determine
risk of bleeding into the brain. The tool 22 may also use CT
perfusion to analyze various perfusion parameters including:
permeability surface-area produce (PS), very low cerebral
blood volume (VICBV), very low cerebral blood flow
(VICBF), mean transport time (MTT), and T, .. These CT
perfusion parameters, when available, may also be predictive
of'the risk of the bleeding into the brain with the thrombolytic
drug.

Risks Involved with the Endovascular Procedure/Factors that
Reduce the Likelihood of a Successful Endovascular Proce-
dure while Prolonging the Time Taken for a Successful Pro-
cedure.

[0172] Several factors can increase the risk of the endovas-
cular procedure or make the administration of the procedure
more difficult. These factors include severe tortuosity of neck
blood vessels, the presence of significant carotid atheroscle-
rotic disease that might prevent passage of an endovascular
catheter, and the presence of extra- or intracranial dissection.
Thetool 22 may use CTA head and neck imaging to quantitate
each ofthe above parameters. Each of these variables prolong
the time taken to achieve a successful endovascular procedure
or may completely preclude a successful endovascular pro-
cedure. Output from this quantitation may be used by the tool
22 to generate output results for decision support.

[0173] Various alternative technologies may be used to
receive imaging data for the patient. For example, there may
be a CT scanner in the ambulance or other emergency trans-
portvehicle. There may be the capability to be fully integrated
in the ambulance based system, for example. The input fac-
tors may remain the same as described herein. However for
output based on the distance to the primary care centre to the
tertiary care centre (and the corresponding estimated transmit
time at step 206), the DI DO (door in door out) time at the
primary care centre and previously described factors such as
likelihood of clot dissolving with IV tPA, may be used by the
tool 22 for generating output for decision support to assist
with decisions regarding bypassing the primary care centre or
not.

[0174] As another example, the imaging data may be
received from cross sectional imaging technology in the
angiography suite. This can be done in different ways. For
example, there may be hybrid rooms where there is either a
CT scanner or an MR scan built in beside the angiography
suite. As further example, there may be cross sectional imag-
ing in the angiography suite itself. A patient may go straight
from emergency room to the angiography suite, and have the
imaging performed to generate the brain scan images. The
tool 22 outputs the decision to a display device in the angiog-
raphy suite (or via a remote connection) and depending on the
decision made, the care providers start the procedure. Here in
the tool 22 may implement the process described herein with
afew variations. In case an option (which may be common) is
being used then one cannot obtain typical perfusion maps.
Perfusion maps may give their output differently (called
PBP). These could be used as a surrogate for irreversibly
infarcted tissue, for example. Also it is likely that the time
between imaging and reperfusion may be dramatically
reduced in this scenario which would be built into the tool 22
configuration.

[0175] For patients getting transferred, the imaging at the
primary care centre may provide guidance regarding whether
a detailed repeat imaging is required at the CSC or not. It may
be based on the following factors: amount of irreversibly
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infarcted brain on original scan, quality of collaterals, and
time elapsed in between the imaging and the treatment to
factor the concept of ‘shelflife of imaging’. Rather than using
a fixed value, this may be flexible based on factors noted
herein. If the overall time is short and the collaterals are good,
the tool 22 may provide decision support regarding bypassing
the CT scanner and MRI scanner and going straight to the
angiography suite and possibly performing a basic head CT
scan to rule out hemorrhage or other bleeding risks. This is an
example onl and other imaging technologies include TCD,
US, electrical impedance plethymosgraphy, spectroscopy,
and so on, may be used.

[0176] At step 206, the tool 22 determines an estimated
transport time to transfer the patient to a treatment facility.
The tool 22 may also determines an estimate treatment time
until the patient can receive the reperfusion or other treatment
at the treatment facility after transfer.

[0177] Input Factors—Time

[0178] Another general input factor in determining whether
a patient should be transferred is the time factor that may be
based on multiple variables that correspond to time estimates.
The time factor takes into account the time required to prag-
matically transfer the patient to the tertiary hospital from the
primary hospital, as well as the time required to open the
vessel in the patient’s brain through the endovascular throm-
bectomy procedure once the patient arrives at the tertiary
hospital. Various factors may be taken into account in deter-
mining the time, including the distance between the hospitals,
the time of day, weather, traffic, availability of transfer
vehicles and trained personnel, availability of physicians who
can perform the endovascular procedure at the tertiary hos-
pital, the medical status (stability) of the patient, and more.
These factors may have a baseline or default value set for a
particular site e.g. if the average travel time to the tertiary
health facility is approximately 90 minutes (including patient
transfer to ambulance) then this would be a fixed variable for
that particular site. However additional factors e.g. traffic
issues or weather would allow the site to change this.

Automation

[0179] The tool 22 automates the collection of information
regarding the previously described factors and, at 208, deter-
mines a patient assessment profile using the system model.
The patient assessment profile may be generated by tool 22
using the patient brain imaging profile, the estimated trans-
port time, and the estimated treatment time. The patient
assessment profile defines a patient treatment protocol indi-
cating a probability of an expert treatment decision for trans-
ferring the patient to the treatment facility and providing the
reperfusion at the treatment facility. The patient assessment
profile defines a visual representation for display on a display
device, where the visual representation may visually indicate
the thrombus morphology and an estimated quantity of brain
tissue that will likely become irreversibly infarcted after the
estimated transport time and/or the estimated treatment time
using the rate or the estimated quantity of patient brain tissue
that likely will become irreversibly infarcted at the future
time.

[0180] At 210, the tool 22 may be refined with additional
data about the patient and other clinical and imaging data
using machine learning, feedback, and validation data, as will
be described herein. For example, FI1G. 22 at 2218 references
validations and feedback from multiple clinical data and
imaging data sets as well as expert physician decision data.
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[0181] At 212, the tool 22 outputs decision support infor-
mation to help the end-user (i.e. the physician in the primary
hospital) make an expeditious and appropriate decision on the
triage of his/her patient, i.e. to decide whether the patient
should be triaged from the primary hospital to the tertiary
hospital for the endovascular procedure. The output may
include the visual representation of the patient assessment
profile on a display screen as described herein. The informa-
tion input into the system may be collected using as little input
from the physician as possible given an emergency situation
and time limitations. Physician/health care personnel
involvement may generally be limited to providing clinical
information such as the patient’s age, stroke severity, stroke
onset time and side of stroke involvement.

Decision Support Tool

[0182] FIG. 22 is a flow chart diagram of the development
process 2200 for a tool for automated triaging decision sup-
port according to some embodiments.

[0183] At2202,thetool 22 (or separate and connect system
component) receives imaging data from one or more imaging
modalities such as CT, MRI, multi-phase CTA, perfusion, and
so on. Other clinical data may also be provided to tool 22.
Examples of image data is described herein.

[0184] At2204,thetool 22 may process the imaging data to
generate an intermediate data set regarding a thrombus, col-
laterals, infarcts, and infarct growth in the brain scan images.
Examples of image processing is described herein.

[0185] At 2206, the tool 22 automatically constructs or
refines the data set and generates decision support informa-
tion as described herein. The tool 22 automates the collection
of information at 2204 regarding the previously described
factors to determine a patient assessment profile. The patient
assessment profile may be generated by tool 22 using the
patient brain imaging profile, the estimated transport time,
and the estimated treatment time. The patient assessment
profile defines a patient treatment protocol indicating a prob-
ability of an expert treatment decision for transferring the
patient to the treatment facility and providing the reperfusion
at the treatment facility.

[0186] At 2208, the tool 22 determines additional patient
metrics such as thrombus morphology, permeability, vascular
segmentation, collateral assessment, baseline infarct size,
severity and growth over time, and risks for treatment. This
data is provided at 2210 to further construct or refine the
system model.

[0187] Thetool 22 receives available patient data including
additional clinical and imaging data (at 2212), data regarding
transportation time (at 2214), and data regarding health care
facilities including available treatment services and treatment
times (at 2216). The data is also provided as input to refine
data sets used by the tool 22 to generate output results for
decision support.

[0188] At2218, the tool 22 further derives and validates the
system model using additional clinical datasets and expert
physician heuristics.

[0189] At 2220, the tool 22 generates and provides output
data including triaging decision support, a flag that additional
imaging is required, and risk analysis. This information is
also used by the tool along with physician feedback to further
refine the system model continuously. For example, different
weight factors may be linked to different input factors to
provide an indication or assessment of their importance. As
an example, if a large portion of the brain is irreversibly
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infarcted then transfer and treatment may be futile regardless
of'the values for other input factors. As another example, if the
patient has good collaterals this may be linked with a high
weighting to indicate the importance of this data value when
deriving decision support as treatment may be more likely to
provide a good outcome. In contrast, a patient with poor
collaterals may be a very relevant input factor as successful
treatment may be less likely. Accordingly, different input
factors may be assigned different weighting factors based on
their impact or relevance to the decision support output
results. As noted, feedback from expert physicians may be
used to refine the weightings and validate the output results.
Further, additional imaging and clinical data sets may be used
to refine the tool 22. Various other examples are described
herein. The weighting and refinement enables the tool 22 to
adapt to different data sets, feedback and results as received as
part of machine learning. This creates a feedback loop for
refinement of the tool 22.

[0190] Other types input information detailed herein may
be provided as input data into the system model to determine
the probability that a patient will be triaged by an expert
stroke physician. Each of the input factors described, specifi-
cally the clinical, imaging and time factors are input into the
system. The system model may be built in the following
illustrative example manner.

[0191] For heuristics, expert stroke physicians may inde-
pendently examine clinical data and output from the auto-
mated imaging techniques described above i.e. probability of
early dissolution of thrombus with the thrombolytic drug,
estimated baseline infarct volume and infarct growth over
pre-specified time periods (60 mins, 90 mins, 180 mins and
>180 mins) in a randomly selected sample of many 250
patients from multiple a trial patient dataset. The expert will
examine each dataset in a random order. Unique to the model
building exercise, the experts will also be provided with
incomplete information (e.g. A missing CT perfusion scan or
a missing non-contrast CT scan or unknown time of stroke
onset) to determine how a triaging decision is made in the
absence of some piece of information. Each expert will then
decide whether a patient should have been triaged or not using
the available information. The tool may use predictive
machine techniques to assess a probability of agreement
among the expert decisions at each step using an unweighted
Fleiss Kappa statistic, for example. This may estimate a mea-
sure of the extent to which agreement among the experts
exceed what would have been expected if they all made their
ratings completely randomly. Consensus decisions may be
input into the model.

[0192] As another step in building the tool 22, the probabil-
ity estimates of early dissolution of the thrombus with the
thrombolytic drug, baseline infarct volume and estimated
infarct volume at the time the patient reaches the tertiary
hospital from the community hospital and patient-specific
information like age, stroke severity, and baseline functional
status whether the patient has contra-indications for alteplase
or other thrombolytic drugs (e.g. Is on a blood thinner or has
a bleeding disorder) will form input variables of a random
forest classifier and regression model. The dependent vari-
able for these models will be the triaging decisions made by
experts. Wherever experts disagree, the tool may use an adju-
dicated consensus triaging decision will be used. The accu-
racy of the predictive model for triaging will be assessed
using the out of bag prediction error from the random forest
regression. The tool 22 output results may be validated using
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a 10-fold cross-validation methods to determine the accuracy
of these models in predicting the triaging decision made by
experts. Using the models derived and internally validated
from the trial patient dataset, the tool 22 may also obtain the
predictive accuracy of this risk prediction model using an
external validation dataset. This predictive accuracy so deter-
mined will be available to all users in an earlier version of the
tool 22 or system model.

[0193] The tool 22 may use transportation time data avail-
able through regional health services and geographic infor-
mation systems (GIS) to determine the time to transfer the
patient. The final model will also use any available regional
health data like median door-in-door-out time in community
hospitals and median door to groin puncture and reperfusion
times in multiple tertiary hospitals within a 500 km radius of
the community hospital and staffing patterns in surrounding
tertiary hospitals (i.e. availability of specialists 24 hours 7
days a week), to provide the physician at the community
hospital guidance on which hospital to refer the patient to
increase chances of good outcome.

[0194] The tool 22 may also have the capability to modify
the output based on missing or non-contributory information.
For example, if the patient has a regular non-contrast CT head
scan, a multi-phase CTA scan, and a CT Perfusion scan, but
the CTP scan is degraded by patient motion and therefore
unusable, the tool 22 will recognize that the CTP scan is
non-contributory and modify the output of the model accord-
ingly. In another example, if stroke onset time is missing, or a
hospital is not able to perform a CTP or mCTA scan, the
model will account for this while providing an output con-
strained by that condition. In addition, the tool 22 will be able
to incorporate multiple imaging technology types in addition
to CT scans, such as MR images, trans-cranial Doppler ultra-
sound, electrical impedance spectroscopy or other brain and
neurovascular imaging technology that is or becomes avail-
able. The tool 22 will recognize the available information and
keep or reject imaging information depending upon quality
and type, and modify the output of the model accordingly.
The tool 22 may give a confidence interval (or error rate) on
the output. Based on testing of the model it is possible that
missing critical information may dramatically increase the
error rate. Alternatively it is also possible that in many situa-
tions e.g. absence of CT perfusion, information may not
dramatically affect the output.

[0195] The tool 22 may continue to refine the model at step
210 (shown as feedback loop 2210, 2218 and 2220 of FIG.
22) using machine learning and improve its predictive accu-
racy using new information that will be available when the
product is being tested real time and when the product is in
clinical use. This continuous feedback process will happen so
that tool 22 will allow community hospitals and physicians to
provide feedback information on appropriateness of triaging
decisions made using the tool 22. The community hospitals
will in many cases, use feedback they receive from tertiary
hospitals that they referred patients to. In addition, the model
will be validated every two years with new trial datasets that
are available nationally and internationally. The patient
assessment profile may be updated at 208 using the refined
system model. Further, future determinations of patient
assessment profiles will used the continually refined system
model which may improve accuracy over time and use. This
may be shown in FIG. 22 as a feedback loop from 2218 and
2220 to 2210.
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[0196] As described, the tool 22 may refine as additional
data is available. The tool 22 may provide an incremental
prediction of outcome as data become available. For example,
as new data is available, such as clinical, historical, observed,
or from imaging devices, the new data will arrive into the tool
22 in a necessarily sequential series over time (e.g. over 30
minutes). The output then is continually updated as new data
become available. The tool 22 can then trigger a threshold
recommendation to treat or to transfer (or both) the patient
before further data are gathered. Other example feedback
may be provided to continuously refine and update the output
results of tool 22. The treating team will have the ability to
change settings on the output based on their overall treatment
strategy, distance and relationship with the care facility. This
is especially relevant e.g. if the paramedic team stays with the
patient while the decision is being made. In that case, the
sooner the decision is made the less is the wastage of time of
an extremely valuable resource (the paramedic team). So the
team at the primary care facility, could decide if the output is
above say 80% (as an illustrative example) for transfer, the
technician may stop all further work-up and focus our ener-
gies on the transfer. This may become relevant in the extreme
situations. For example, a 40 year old comes in with a massive
stroke onset 1 hour ago. In this case the only information that
one needs to cross the threshold of 80% is a plain CT head to
rule out a hemorrhage. This may be implemented using the
weighting factors. This information goes over to the tool 22
and immediately the software shows the output as green or
good as it crossed the pre-determined threshold set up by the
treating team. All further imaging work up is immediately
stopped based on the output. As another example, consider a
65 year old otherwise healthy person comes in with a severe
stroke (NIHSS 18) who has known atrial fibrillation and is on
Coumadin. INR performed 4 days ago was 2.7. This patient
has no treatment options at the primary care facility. As such
very little information would be needed to make transfer
besides a scan to rule out hemorrhage. These are illustrative
examples of the feedback and weighting process.

[0197] The tool 22 may modify itself to various geographi-
cal locations, countries and health systems using machine
learning from information that is available from each of these
systems. Thus the system model will adapt itself to the health
system, province, country or geographical disposition in
which it is located. This model improvement exercise will
follow the same principles outlined herein. Error rates are
also built into the tool 22 to give an overall degree of confi-
dence to decision making.

[0198] The tool 22 may also adapt using machine learning
algorithms techniques that may adapt to changing imaging
technology and the accuracy and validation of various imag-
ing parameters; changing transportation infrastructure; orga-
nization and speed of treatment at the tertiary centre;
improvement in endovascular treatment resulting in faster
and more robust reperfusion; and the development of adju-
vant therapies (such as neuroprotection e.g. hypothermia and
various pharmaceutical agents) that can be administered dur-
ing transit or transport that can slow down the rate of brain
death.

[0199] Referring back to FIG. 2, at 212, the tool 22 may
output the patient treatment protocol as clinical decision sup-
port information for display on a display device, for storing on
a storage device, or for transmission to another processor
using a transmitter. These are example outputs showing illus-
trative tangible results that may be provided by tool 22. For
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example, a visual representation may be provided on the
display. This may align with step 2220 of FIG. 22. The output
data may be updated using feedback, additional data,
machine learning and other refinement processes imple-
mented by tool 22.

Output

[0200] The output of the tool 22 can be tailored to the
specific needs of the end-user. For example, some end-users
may only want a yes/no decision on whether to transfer the
patient. In this case, the tool 22 may provide a yes/no decision
along with confidence intervals on the precision around the
decision. The type, amount and format of output may be
configurable by a specific user or health care facility. On the
other hand, for end-users who prefer to have more informa-
tion, the tool 22 may also provide the following illustrative
example information:

[0201] a) the amount of irreversibly infarcted brain tis-
sue;

[0202] D) the amount of tissue that is likely to die by the
time the patient reaches the tertiary hospital and under-
goes the endovascular procedure;

[0203] c)theeloquence of the tissue (weighting by func-
tional importance of the brain tissue at risk) that is likely
to die by the time the patient reaches the tertiary hospital
and undergoes the endovascular procedure;

[0204] c) where the thrombus is and how large (eg. vol-
ume) the thrombus is;

[0205] d) the probability that the thrombus will dissolve
early with the thrombolytic drug;

[0206] d) the risks of bleeding into the brain with the
thrombolytic drug; and

[0207] e) the probability of success with the new endo-
vascular procedure.

[0208] 1) The need to repeat a brain scan at the tertiary
center.

Case Scenario

[0209] The following case scenario is provided as an illus-
trative example. An 80-year-old male was at a grocery store at
9 pm when he fell down. Onlookers tried helping and found
he was not able to speak or move the right side of his body.
They called the paramedics who reached the store within 10
minutes. The paramedics diagnosed stroke and immediately
took the patient to the nearest community hospital that was 20
miles away. A doctor in the Emergency Room saw the patient
within 45 minutes of stroke symptom onset. The patient had
a CT scan with CTA and CTP of the brain within the next 5
minutes.

[0210] The doctor now has to make a clinical decision. He
needs to decide if the patient should be treated at his hospital
with an intravenous thrombolytic drug or whether he transfers
the patient to the nearest tertiary care hospital. This tertiary
care hospital has facilities to remove the thrombus using the
new endovascular procedure; the hospital however is 50 miles
away and will take around 90 minutes to reach. Besides, he
will have to spend another 15-20 minutes trying to contact the
specialist there before he can make a decision to transfer the
patient to that hospital. The doctor also does not entirely
understand the risks of treating the patient with either the
thrombolytic drug locally or with the new procedure at the
tertiary care hospital. He only sees such stroke cases infre-
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quently he does not have a radiologist specialized in reading
such scans at his hospital at 10 pm that night. The family
accompanying the patient also wants to understand the risks
and benefits with all options.

[0211] In a normal scenario, the following outcomes may
be likely:
[0212] A) The doctor tries to contact the specialist at the

tertiary hospital. He is able to contact the specialistin 10
minutes. The specialist wants to know clinical details on
the patient and wants to look at the brain scans. The
doctor uses a sophisticated tele-radiology solution to
have the specialist at the tertiary care center look at the
scans. The specialist takes another 20 minutes to access
this system and convey a treatment decision to the doc-
tor. It is already 30 minutes after the initial CT scan.
Treatment and transfer are delayed by 30 to 40 minutes.

[0213] B) The doctor is taking a lot of time trying to
contact the specialist. The family is increasingly frus-
trated and wants to know why there is delay. The doctor
decides to administer the thrombolytic drug and transfer
the patient to the tertiary care hospital. After the drug is
administered and the patient is being transferred, he
hears from the specialist. The specialist tells him the
scans suggest that sending the patient to the tertiary care
hospital will be futile and the risk of bleeding in the brain
may be high.

[0214] C) The doctor decides to give the thrombolytic
drug 30 minutes after the baseline scans after talking to
the specialist. The specialist tells him to transfer the
patient to the tertiary care hospital. After reaching the
tertiary care hospital, the specialist discovers that the
thrombolytic drug has dissolved the thrombus and the
patient does not need the endovascular procedure. The
specialist now transfers the patient back to the commu-
nity hospital. Lots of resources are spent and the family
is frustrated that the physicians did something futile by
taking the risk of transferring the patient when the
weather was bad.

[0215] In the above scenarios, the tool 22 can help in this
and many other situations by guiding the community physi-
cian in making the correct decision quickly. The tool 22 may
tell the community physician if the patient has had a stroke,
how much brain it has involved, whether the patient would
benefit from getting the thrombolytic drug, if the patient
would benefit from being transferred to a tertiary hospital and
what is the likelihood of the patient benefiting from either the
thrombolytic drug or such a transfer. The community physi-
cian can be increasingly confident ofhis decisions; he can call
the tertiary care hospital after he has made appropriate deci-
sions, thus not wasting time initiating vital treatment deci-
sions. He can explain to the accompanying family the risks
and benefits of his decisions. The community physician is
now capable of making decisions that would only otherwise
be made at a highly specialized center. The tool 22 has helped
bridge the knowledge gap and has helped the patient by
getting him access to the right treatment expeditiously (sig-
nificantly quicker and at a fraction of the cost of expensive
tele-radiology solutions).
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[0216] The output can be provided on a display device and
in a format of choice by the team and/or the individual based
on health facility configurations. Expected commonly used
formats, singly or two or more concurrently, could be

[0217] Email attachment (to the individual or the whole
treating team)

[0218] Texting Text messaging

[0219] Web-based system of display (e.g. Alternative
apps or applications such as Whatsapp™ or other mes-
saging apps or specialized products for this purpose)

[0220] Dedicated hospital based computers through a
virtual private network (VPN)

[0221] Simultaneous consulting mechanism to a physi-
cian at the comprehensive stroke center by providing
them with the data

[0222] The output would have the requisite level of anony-
mization to meet HIPAA guidelines for anonymity to meet
relevant privacy legislation, such as the United States, Health
Insurance Portability and Accountability Act (HIPAA).
[0223] Additional strategies would be in place to prevent
error of patient recognition by the team.

[0224] This could mean direct communication: the two
different parts of the team have a phone conversation to
ensure correctness of patient data

[0225] An additional anonymization software that cre-
ates a new ID which is sent separately from the images.

[0226] Strategies such as password protection.

[0227] The output may or may not contain images but may
provide visual representations as decision making support.
[0228] The output may have the ability to modify factors on
the fly e.g. the patient is 72 years old but is extremely healthy
and recently ran a marathon using weighting factors that may
dynamically adjust based on feedback on provide output
results. In the judgment of the medical team, the biological
age of the patient is 50 years (much less than the chronologi-
cal age of 72), the treating team can see the influence of this
age change using an adjustment to the weighting factor linked
to the input factor for age and the output result will in turn
dynamically update on the fly based on the weighting factor
adjustment.

[0229] Similarly based on the patient’s advanced directives
and expectations (received by tool 22 as input data factors and
patient data), the treating team can adjust the output and
change the threshold of acceptable outcome. Accordingly, the
output results may be based on threshold values for treatment
that may be configured by different care facilities. For
example, the output may adjust from ‘likelihood of a good
outcome’ to ‘likelihood of'a very good outcome’ based on the
updated threshold values or ranges.

[0230] The tool 22 may provide output results that can
create a probabilistic model of a scale from very good out-
come to bad outcome based on the variables or treatment
threshold values that would happen after the decision making
(e.g. as feedback). Example variables include:

[0231] Time to reperfusion

[0232] Quality of reperfusion

[0233] Unexpected medical events e.g. Hypotension

[0234] Complications of procedure

[0235] Complications during recovery e.g. pneumonia
[0236] The variables may be provided as part of a visual

representation for decision support. For example, green may
represent good output and red may represent bad output. The
visual representation may dynamically adjust as new weight-
ing factors are defined (e.g. using different values) and vari-
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ables are updated for different input factors. This provides
improved decision support as feedback from initial output
results may trigger dynamic adjustment of the output to show
new visual representations for decision support. The revised
output may provide an indication of the importance or rel-
evance of different input variables and weighting factors. This
feedback loop may continue to update the output results
dynamically to provide improved decision support.

[0237] The embodiments of the devices, systems and meth-
ods described herein may be implemented in a combination
of both hardware and software. These embodiments may be
implemented on programmable computers, each computer
including at least one processor, a data storage system (in-
cluding volatile memory or non-volatile memory or other
data storage elements or a combination thereof), and at least
one communication interface.

[0238] Program code is applied to input data to perform the
functions described herein and to generate output informa-
tion. The output information is applied to one or more output
devices. In some embodiments, the communication interface
may be a network communication interface. In embodiments
in which elements may be combined, the communication
interface may be a software communication interface, such as
those for inter-process communication. In still other embodi-
ments, there may be a combination of communication inter-
faces implemented as hardware, software, and combination
thereof.

[0239] The hardware may include servers, services, inter-
faces, portals, platforms, or other systems formed from com-
puting devices. It should be appreciated that the use of such
terms is deemed to represent one or more computing devices
having at least one processor configured to execute software
instructions stored on a computer readable tangible, non-
transitory medium. For example, a server can include one or
more computers operating as a web server, database server, or
other type of computer server in a manner to fulfill described
roles, responsibilities, or functions. The term “connected” or
“coupled to” may include both direct coupling (in which two
elements that are coupled to each other contact each other)
and indirect coupling (in which at least one additional ele-
ment is located between the two elements).

[0240] The technical solution of embodiments may be in
the form of a software product. The software product may be
stored in a non-volatile or non-transitory storage medium,
which can be a compact disk read-only memory (CD-ROM),
a USB flash disk, or a removable hard disk. The software
product includes a number of instructions that enable a com-
puter device (personal computer, server, or network device) to
execute the methods provided by the embodiments.

[0241] The embodiments described herein are imple-
mented by physical computer hardware, including computing
devices, servers, receivers, transmitters, processors, memory,
displays, and networks. The embodiments described herein
provide useful physical machines and particularly configured
computer hardware arrangements. The embodiments
described herein are directed to electronic machines and
methods implemented by electronic machines adapted for
processing and transforming electromagnetic signals which
represent various types of information.
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[0242] FIG. 16 is a schematic diagram of the triage tool 22
according to some embodiments.

[0243] As depicted, the triage tool 22 includes at least one
processor 220, atleast one memory unit or data storage device
222, at least one 1/O interface 224, and at least one network
interface 226.

[0244] Each processor 220 may be, for example, any type
of'general-purpose microprocessor or microcontroller, a digi-
tal signal processing (DSP) processor, an integrated circuit, a
field programmable gate array (FPGA), a reconfigurable pro-
cessor, a programmable read-only memory (PROM), or any
combination thereof. The processor may be configured to
process input data (imaging and clinical factors) to provide
output results as described herein.

[0245] Memory 222 may include a suitable combination of
any type of computer memory that is located either internally
or externally such as, for example, random-access memory
(RAM), read-only memory (ROM), compact disc read-only
memory (CDROM), electro-optical memory, magneto-opti-
cal memory, erasable programmable read-only memory
(EPROM), and electrically-erasable programmable read-
only memory (EEPROM), Ferroelectric RAM (FRAM) or
the like. The memory may store weighting factors and input
data factors that may be updated based on electronic signals
received from I/O interface 224.

[0246] Each I/O interface 224 enables the triage tool 22 to
interconnect with one or more input devices, such as an imag-
ing device, external memory unit, keyboard, mouse, camera,
touch screen and a microphone, or with one or more output
devices such as a display screen and a speaker. The 1/O
interface 224 may provide output results and receive feed-
back on output results. The interface 224 may connect to an
imaging device such as picture archiving and communication
system (PACS) for storage and access to medical images from
multiple modalities and source machine types. The imaging
device may provide local storage, remote cloud based stor-
age, or a combination thereof. Electronic images and reports
may be stored and transmitted digitally via imaging device.
The universal format for PACS image storage and transfer is
Digital Imaging and Communications in Medicine (DI-
COM). The imaging device may include one or more imaging
modalities such as CT and MR and a secured network for the
transmission of patient and image data.

[0247] Each network interface 226 enables the triage tool
22 to communicate with other components, to exchange data
with other components, to access and connect to network
resources, to serve applications, and perform other comput-
ing applications by connecting to a network (or multiple
networks) capable of carrying data. The triage tool 22 may
transmit output results via network interface 226 and may
receive imaging data via network interface 226, for example.
The network interface 226 may provide output results and
receive feedback on output results, as described herein. This
enables the tool 22 to integrated with various input devices
and output devices that may be remote or local to tool 22. The
network interface 226 may detect different imaging technolo-
gies to adapt tool 22 to interface therewith. For example,
network interface 226 may implement different drivers to
connect with different imaging modalities.

[0248] Thetriage tool 22 is operable to register and authen-
ticate users (using a login, unique identifier, and password for
example) prior to providing access to applications, a local
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network, network resources, other networks and network
security devices. The triage tool 22 may serve one user or
multiple users.

[0249] FIG. 3A is a screenshot of a Computed Tomography
Perfusion (CTP) map identifying the presence of a permeable
thrombus of an interface that may be displayed on display
device 102 as an example visual representation of the output
data. The visual representation provides CTP TO maps iden-
tifying the presence of a permeable thrombus. A complete
occlusion on CTA is shown at image 30 using a white arrow.
Regions of interest (ROI) at the proximal thrombus interface
are shown image 32 using a solid white arrow and distal
thrombus interface are shown at image 32 using a hollow
white arrow. The interfaces of the thrombus are shown as
visual representations on the CTP average map in image 32.
A line profile (white arrow head) is drawn along the silhouette
of the artery distal to the thrombus on the CTP average map.
The CTP average map co-registered with the CTP T, map
(image 34). A graph 36 plots T, values against distance (pixel
number) along the line profile are then plotted and the line of
best-fit determined.

[0250] FIG. 3B is a screenshot of a CTP map that may be
displayed on display device 102 as another example visual
representation of the output data. The screenshot for this
patient may identify the presence of a negative artery profile
slope (graph 44) suggests presence of retrograde flow distal to
thrombus. Other visual representations are shown by images
38, 40, 42.

[0251] FIG. 4 provides graphs 40, 42, 44, 46 of recanaliza-
tion rates. Early recanalization rates with intravenous tPA
stratified by different imaging parameters may be measured
using CTP T, maps. An image 40 shows early recanalization
rates in patients with positive slope (occult anterograde flow)
as compared to negative slope (retrograde flow) artery profile
distal to thrombus. An image 42 shows estimates of early
recanalization by T, value at distal thrombus interface. An
image 44 shows estimates of early recanalization by differ-
ence in T, value between distal and proximal thrombus inter-
face. An image 46 shows early recanalization rates within the
three groups of patients stratified by the imaging parameters.
[0252] FIG. 5 is an example a table 50 for a multivariable
logistics regression model. The table shows multivariable
logistic regression model determining variables associated
with early recanalization after intravenous tPA thrombolysis.
Group 1 relates to retrograde flow by Artery Profile where T,
value difference between distal and proximal thrombus inter-
face ROI>2 seconds may be the reference group Group 2
relates to retrograde flow by Line Profile OR T, value differ-
ence between distal and proximal thrombus interface ROI>2
seconds. Group 3 relates to anterograde flow by Line Profile
and T, value difference between distal and proximal throm-
bus interface ROI<=2 seconds.

[0253] FIG. 6 is a screenshot of a visual representation of
patient collaterals which may be determined by the tool 22
using the imaging data as described herein. The visual repre-
sentation shows a patient with good collaterals, intermediate
collaterals and poor collaterals of an interface that may be
displayed on display device 102. The upper panel 60 shows a
patient witha left M1 MCA occlusion (white arrow) and good
collaterals (backfilling arteries) on multi-phase CTA. The
middle panel 62 shows a patient with a left M1 MCA occlu-
sion (arrow) and intermediate collaterals. Lower panel 64
shows a patient with a right M1 MCA occlusion (arrow) and
poor collaterals (minimal backfilling arteries) on multi-phase
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CTA. The interface may receive display screen specifications
and re-configure the display of the visual representations in
various panels based on the display screen specifications. The
panel configuration may be dynamically updated based on
requested output results and the display screen specifications
as there may be a limited display screen size and a variety of
optional output results for decision support.

[0254] FIG. 7 is a screenshot of visual representations of
image slices from multi-modal imaging. Multi-modal CT
imaging at 2 hrs 51 mins post symptom onset with NIHSS of
20 and right hemispherical symptoms. Non-contrast CT
shows movement artefact; (panel 70). A proximal right M1
MCA occlusion is seen (panel 72 with reference B-i). The
visual representation may relate to mCTA (with three phases)
where maximum intensity projections are shown in panel 72
with delay of two phases and some regions indicating mini-
mal filling when compared to contralateral side. Perfusion CT
T, and CBF maps are depicted in panel 74 at references Ci
and ii. CTA and Perfusion CT imaging are congruent for
assessment of collateral circulation beyond the occlusion.
MR-diffusion imaging at 24 hrs post admission imaging
shows the final infarct as hyper intense (panel 76).

[0255] FIG. 8 is a screenshot of visual representations of
image slices from automatic generation of aerial input func-
tions for use in CT Perfusion. The upper panel 80 shows
arterial voxels identified by a k-means classifier based on the
area under curve (AUC) of the pixel time-density curve. The
lower panel 82 shows a connected 4-voxel artery region (in
this case it is a 2x2 voxel region shown in outline) which has
the highest AUC among all similar TDCs from the arterial
voxels (shown in outline) in this slice as aerial input func-
tions.

[0256] FIG. 9 illustrates visual representations of time-
based CT Perfusion thresholds charts 90, 92, 94 and a brain
view image representing an example of time-based CT Per-
fusion thresholds that helps estimate future brain infarct over
given time data for CTP. The visual representation illustrates
charts representing data for CTP to reperfusion. Charts 90,
92, 94 show that the CTP-T,, . and CBF patient-level thresh-
olds to predict infarction are correlated with the time from
CTP-to-reperfusion. The brain view image depicts CTP opti-
mal thresholds for infarction based on time-to-reperfusion for
all patients combined (total voxel-by-voxel analysis). The
brain view image shows three example visual indications 96,
97, 98 for different values for T,,,.. A visual indication 96
relates to T,,,, greater than 16 seconds and CBF less than
0.20. A visual indication 97 relates to T,,,,, greater than 12.5
seconds and CBF less than 0.30 A visual indication 98 relates
to T, . greater than 9.5 seconds.

[0257] FIG. 10 illustrates a visual representation of an
example time based model for infarct growth using CT Per-
fusion according to some embodiments with diftferent visual
representations 1020, 1040, 1060 for different values for T, .,
and CBF.

[0258] FIG. 11 is a screen shot of a visual representation of
an image slice of a CTP study according to some embodi-
ments that demonstrates techniques for patient motion cor-
rection. This may result from a process to remove unaccept-
able images for CTP analysis due to motion according to
some embodiments. Examples of patient motion are shown in
FIGS. 12 and 13. The interface may be displayed on display
device. This may be generated using an automated method for
removal of z-axis motion correction.
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[0259] A panel 1100 shows automatic generation of whole
brain region of interest in a slice after removal of skull. A
panel 1102 shows a time density curve (ITDC) of the whole
brain region shown in panel 1100 after baseline subtraction
and normalization by the average value of the subtracted
curve. In order to be displayed together with the automati-
cally detected arterial input function (FIG. 8), the normalized
whole brain TDC has been scaled up by a factor of 100. A
panel 1104 shows the smoothed fitted curve to the normalized
whole brain TDC was found by deconvolution with the arte-
rial input function. A panel 1106 shows the absolute differ-
ence between the normalized whole brain TDC and the fitted
curve. The images may have significant z-axis movement
relative to the rest of the images, for example, as shown by the
differences of the skull representations.

[0260] FIG.12 is a screen shot of a visual representation of
image slices of a CTP study that shows patient motion in the
Z-axis. according to some embodiments. Z-axis motion of the
images of a slice from a CT Perfusion study. (A) The first
image of the slice at time O sec. (B) Image at 2.8 sec. (C)
Image at 36.4 sec. (D) Image at 104.0 sec. Motion led to
differences in the skull within the dotted circles.

[0261] FIG.13 is a screen shot of a visual representation of
image slices of a CTP study showing the effect of z-axis
motion on perfusion parameter maps of a CT Perfusion study
according to some embodiments. The interface may be dis-
played on a display device. Effect of z-axis motion on perfu-
sion parameter maps of a CT Perfusion Study. The CBF and
T,,.. maps with and without z-axis motion correction are
shown together with the mean value within a circular region
of interest within the stroke affected hemisphere and con-
tralateral hemisphere. Panels 1300, 1302 show a CBF map
without and with z-axis motion correction respectively dis-
played in the scale from 0-120 mL-min~". (100 g)~*. Panels
1304, 1306 show T, . map without and with z-axis motion
correction respectively displayed in the scale from 0-16 sec-
onds. The pixel values of the T,,,. maps have been scaled up
by a factor of 100 to facilitate the display of the maps, accord-
ing to some embodiments. This may be screen shot of the
functional maps from the same CTP study as FIG. 12 showing
the effect with and without correction of head motion, for
example.

[0262] FIG. 14 is a screen shot of visual representations of
image slices from an application of time based infarct growth
according to some embodiments. The visual representation
illustrates an applied automated time based infarct growth
paradigm on to perfusion maps and consequently validating
them that may be displayed on an interface that may be
displayed on display device 102. The screenshots may be
generated by applying the automated time based infarct
growth paradigm on to perfusion maps and consequently
validating them. A panel 1400 shows a brain image with
gray-matter segmentation and a panel 1402 shows another
brain image with clustering to remove noise. The tool 22 may
implement clustering techniques to provide an improved
visual representation. A panel 1404 may show a “time is
brain” paradigm to illustrate rates of irreversible infarct over
time based on T,, ., CBF and CBV values.

[0263] FIG.15 s a screen shot of a visual representation of
anexample of a3D clot segmentation 1500 from non-contrast
CT representation (corner panel 1502) using proposed auto-
mated technique.

[0264] FIGS. 17 to 21 are schematics of example systems
with the triage tool according to some embodiments.
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[0265] FIG. 17 shows a system with a decision support tool
22 according to some embodiments. The example system
includes the triage tool 22, an image data store 108, a display
controller 106. The tool 22 receives brain scan or imaging
data from an imaging device 104. Alternatively, the brain scan
data may be received at data store 108 for storage and subse-
quent retrieval or access by tool 22. The display controller
106 control output of visual representations on a display 102.
[0266] For simplicity only one tool 22 is shown but system
may include more tool 22 operable by users to access remote
network resources and exchange data. The tool 22 may be the
same or different types of devices. The tool 22 includes at
least one processor, a data storage device (including volatile
memory or non-volatile memory or other data storage ele-
ments or a combination thereof), and at least one communi-
cation interface (an example of which is shown in FIG. 16).
The tool 22 components may be connected in various ways
including directly coupled, indirectly coupled via a network,
and distributed over a wide geographic area and connected
via a network (which may be referred to as “cloud comput-
ing”).

[0267] Forexample, and without limitation, the tool 22 may
be aserver, network appliance, set-top box, embedded device,
computer expansion module, personal computer, laptop, per-
sonal data assistant, cellular telephone, smartphone device,
UMPC tablets, video display terminal, and wireless hyper-
media device or any other computing device capable of being
configured to carry out the methods described herein.
[0268] The imaging device 104 may be a PACS for storage
and access to medical images from multiple modalities and
source machine types. The imaging device 104 may provide
local storage, remote cloud based storage, or a combination
thereof. Electronic images and reports may be stored and
transmitted digitally via imaging device. The universal for-
mat for PACS image storage and transfer is DICOM. Further,
imaging device 104 may manage non-image data, such as
scanned documents. The imaging device 104 may include
one or more imaging modalities such as CT and MR and a
secured network for the transmission of patient and image
data. The imaging device 104 may also workstations for
interpreting and reviewing images and archives for the stor-
age and retrieval of images and reports. Image device 104
may provide one or more of image creation, retrieval, distri-
bution, and display.

[0269] The display controller 106 may receive configura-
tion parameters to control the display and provision of the
visual representation on the display. For example, the con-
figuration parameters may receive a select set of output data
to use for generation of the visual representation. The con-
figuration parameters may include details regarding the dis-
play device and its capabilities. The display controller 106
may receive input from display 102 to reconfigure and update
the rendering of the visual representations. The interface may
include selectable indicia for receiving updates to configura-
tion parameters for provisional to the display controller 106.
The display controller 106 may provide any received configu-
ration parameters to triage tool 22 as feedback to update the
generation of output results, for example. Accordingly, the
display controller 106 facilitates acquisition of feedback data
and is involved in updating the visual representation based on
the updated output results from the feedback. This facilitates
the feedback loop as a visual representation may effectively
illustrate the revised output and the impact of the feedback on
the output.
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[0270] FIG. 18 is another example system with triage tool
22. In this example system, the triage tool 22 may be inte-
grated as part of the imaging device 104 to process scans or
images captured and generated by the imaging device 104 and
stored in image data store 108. In this example system, the
triage tool 22 may also be integrated as part of the display
device 102 to display output and visual representations of the
treatment protocol. The integrated interface between tool 22
and imaging device 104 may enable imaging modality spe-
cific configurations to be incorporated into tool 22 for
improved processing.

[0271] FIG. 19 is another example system with triage tool
22. In this example system, the triage tool 22 may be inte-
grated as part of the imaging device 104 to process scans or
images captured and generated by the imaging device 104 and
stored in image data store 108. The display 102 may be a
separate add on. This illustrates the versatility of tool 22 and
the various system configurations it supports.

[0272] FIG. 20 is another example system with triage tool
22. In this example system, the triage tool 22 may be inte-
grated as part of the display device 102 to display output data
including visual representations of a treatment protocol,
where the display controller 106 interfaces between the triage
tool 22 and the display device 102. Although only one imag-
ing device 104 is shown, tool 22 may integrate with multiple
imaging devices 104 of different modalities. An interface may
configure multiple connections to the different imaging
devices 104.

[0273] FIG. 21 is a schematic diagram of another system
with triage tool 22 exemplary of an embodiment. In this
example, the triage tool 22 connects to imaging device 104
via a network 110. The network 110 may include the Internet,
Ethernet, plain old telephone service (POTS) line, public
switch telephone network (PSTN), integrated services digital
network (ISDN), digital subscriber line (DSL), coaxial cable,
fiber optics, satellite, mobile, wireless (e.g. WiMAX), SS7
signaling network, fixed line, local area network, wide area
network, and others, including any combination of these. The
triage tool 22 may receive imaging data from imaging device
104 via network 110, for example. The triage tool 22 may
provide feedback and control commands to imaging device
104 via network 110. The triage tool 22 may transmit output
results via network 110 to a display device or another proces-
sor for further data analysis or as a notification message. The
network 110 may include PACS as described herein to access
images.

[0274] The triage tool 22 may connect to a health care
provider device 114 configured to display output results in an
interface and receive control commands and feedback via the
interface. The health care provider device 114 may be a work-
station or a mobile device for example, to facilitate remote
access of output results by health care provider. The triage
tool 22 may connect to a central server 112 implementing
quality control processes to validate data, receive feedback
from different tools 22, and output results. Accordingly, a
central server 112 may facilitate coordination of data and
refinements across multiple tools 22.

[0275] The foregoing discussion provides many example
embodiments. Although each embodiment represents a single
combination of inventive elements, the inventive subject mat-
ter is considered to include all possible combinations of the
disclosed elements. Thus if one embodiment comprises ele-
ments A, B, and C, and a second embodiment comprises
elements B and D, then the inventive subject matter is also
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considered to include other remaining combinations of A, B,
C, or D, even if not explicitly disclosed.

[0276] Although the present invention has been described
and illustrated with respect to preferred embodiments and
preferred uses thereof, it is not to be so limited since modifi-
cations and changes can be made therein which are within the
full, intended scope of the invention as understood by those
skilled in the art.

1. A method for a decision support tool for evaluating a
patient suffering from acute stroke, comprising:

receiving patient clinical information and patient brain

scan electronic images at a processor;

generating, at the processor, a patient brain imaging profile

using the patient clinical information and the brain scan
electronic images, the imaging profile identifying a
quantity and eloquence of brain tissue that is irreversibly
infarcted, an estimated rate or quantity of patient brain
tissue that will become irreversibly infarcted at a future
time based, a thrombus morphology associated with an
estimate of a thrombus dissolving at the future time, and
an estimated collateral blood flow;

determining an estimated transport time to transfer the

patient to a treatment facility and an estimated treatment

time for receiving reperfusion at the treatment facility;

dynamically determining, using the processor, a patient

assessment profile by:

processing the patient clinical information, the patient
brain imaging profile, the estimated transport time,
and the estimated treatment time to generate input
data values;

dynamically deriving weighting factors as an assess-
ment of importance or relevance of the input data
values and assigning the weighting factors to the input
data values;

deriving as output data values for the patient assessment
profile using the input data values and the weighting
factors, the output data values being a probability of
an expert treatment decision for transferring the
patient to the treatment facility and providing the
reperfusion at the treatment facility, and a visual rep-
resentation of the thrombus morphology, the esti-
mated collateral blood flow, and an estimated quantity
of brain tissue that will likely become irreversibly
infarcted after the estimated transport time and/or the
estimated treatment time;

outputting the output values as clinical decision support

information to trigger display on a display device, stor-
age on a storage device, or transmission to another pro-
cessor using a transmitter.

2. The method of claim 1 further comprising: determining
that the patient is already at the treatment facility and updat-
ing the visual representation with the estimated quantity of
brain tissue that will likely become irreversibly infarcted after
the estimated treatment time for accomplishing reperfusion.

3. The method of claim 1 further comprising: determining
orreceiving a patient clinical data profile identifying an age or
age range for the patient and a stroke severity, the stroke
severity defined on a scale of mild, moderate and severe or
based on physician heuristics, and determining the patient
assessment profile using the patient clinical data profile as
input.

4. The method in claim 1 further comprising determining
one or more of: the time elapsed since the onset of stroke
symptoms as an additional input data values for the patient
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assessment profile; the patient’s pre-morbid status, general
health and co-morbidities as an additional input data values
for the patient assessment profile; the patient’s advanced
directives as an additional input data values for the patient
assessment profile; and current medications and/or medical
history of patient that significantly influence decision making
as an additional input data values for the patient assessment
profile, including blood thinners and recent surgery.

5. The method of claim 1 further comprising providing an
imaging interface to connect to an imaging device to receive
the brain scan image files, the imaging device selected from
the group consisting of a scanner, a picture archiving com-
munication system network, and a cloud image storage
device, and wherein the patient brain electronic images may
be of one or more imaging modalities selected from the group
consisting of CT scan, multi-phase CTA, and CT perfusion,
MRI, TCD US, EIS, and other imaging modalities.

6. The method of claim 1 wherein determining the esti-
mated transport time and the estimated treatment time com-
prises determining a required treatment for the patient and
identifying one or more available treatment facilities based on
available treatment services and equipment, available treat-
ment times, available transportation type and the required
treatment of the patient.

7. The method of claim 1 further comprising continuously
updating the patient assessment profile using a feedback loop
based on additional input data values including configura-
tions for the current physician and health system, additional
available patient and health system data, changing configu-
rations for the physician and health care facility, updates for
the one or more weighting factors, or control commands
received from a display device displaying the visual repre-
sentation.

8. The method of claim 1 further comprising constructing
and continuously validating the patient assessment profile
and the input data values using current and future clinical trial
datasets.

9. The method of claim 1 further comprising constructing
and continuously validating the patient assessment profile by
receiving additional data and results on adjuvant therapies
including neuro-protection and augmented thrombolytic
techniques to change physician and health system heuristics.

10. The method of claim 1 further comprising receiving
threshold data for a health care provider to update and cus-
tomize the patient assessment profile, the weighting factors,
and the input data values for the health care provider, the
health care data including number of treatment centers pro-
viding endovascular treatment, staff availability, and other
current health care metrics.

11. The method of claim 1, wherein determining the patient
assessment profile further comprises determining a rate of
brain tissue death using collateral assessment on CTA, CT
Perfusion, MRI, TDC, US, EIS or other brain and neurovas-
cular imaging modality or a combination of thereof.

12. The method of claim 1, wherein the likelihood of the
thrombus dissolving the over future time is determined by one
or more techniques of measuring thrombus morphology such
as a size of the thrombus, length of the thrombus, surface area
of'the thrombus, volume of the thrombus, and permeability to
blood flow of the thrombus.

13. The method of claim 1 further comprising determining
alikelihood of the thrombus dissolving with administration of
a thrombolytic drug using the thrombus morphology and the
collateral blood flow, the patient treatment protocol indicat-
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ing the likelihood of the thrombus dissolving with adminis-
tration of the thrombolytic drug.

14. The method of claim 1 wherein the output data values
of the patient assessment profile indicates a comparison
between risks of the administration of a thrombolytic drug
and risks of endovascular treatment, the risks including a
bleeding risk and other potentially major risks associated
with thrombolytic drug administration and a treatment risk of
not being able to administer the endovascular treatment or not
successfully providing the endovascular treatment.

15. The method of claim 1 wherein the collateral blood
flow is determined using mCTA, T, and T,,,,, values.

16. The method of claim 1 wherein the patient treatment
protocol is selected from the group consisting of: transferring
the patient to the treatment facility for treatment with endo-
vascular therapy; transferring the patient to the treatment
facility for direct treatment without additional or repeating
brain scans; retaining the patient at an initial treatment facility
for treatment with a thrombolytic drug; and retaining the
patient at the initial treatment facility.

17. The method of claim 1 further comprising:

receiving additional patient, clinical and imaging data for

stroke patients;
updating the input data values using the additional patient,
clinical and imaging data for stroke patients; and

updating patient treatment protocol using machine learn-
ing and the additional patient data, health system data,
the updating by applying additional weighting factors to
the updated input data values.

18. The method of claim 1 wherein the treatment protocol
indicates one or more of an automated prediction of thrombus
lysability using the thrombus morphology, an automated
quantitation of collateral status on a CTP map and on multi-
phase CTA and an automated assessment of severe hypoat-
tenuation on non-contrast CT.

19. A decision support computing tool comprising:

an image interface to receive patient brain electronic

images;

a processor to:

receive patient clinical information;

generate a patient brain imaging profile using the patient
brain scan electronic images and the patient clinical
information, the imaging profile identifying a quan-
tity and eloquence of brain tissue that is irreversibly
infarcted, an estimated rate or quantity of patient brain
tissue that will become irreversibly infarcted at a
future time, a thrombus morphology associated with
an estimate of a thrombus dissolving at the future
time, and an estimated collateral blood flow;

determine an estimated transport time to transfer the
patient to a treatment facility and an estimated treat-
ment time for receiving reperfusion at the treatment
facility; and

dynamically determining a patient assessment profile
by:

processing the patient clinical information, the patient
brain imaging profile, the estimated transport time,
and the estimated treatment time to generate input
data values;

dynamically deriving weighting factors as an assess-
ment of importance or relevance of the input data
values and assigning the weighting factors to the input
data values;
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deriving output data values for the patient assessment
profile using the input data values and the weighting
factors, the output data values being a probability of
an expert treatment decision for transferring the
patient to the treatment facility and providing the
reperfusion at the treatment facility, and a visual rep-
resentation of the thrombus morphology, the esti-
mated collateral blood flow, and an estimated quantity
of brain tissue that will likely become irreversibly
infarcted after the estimated transport time and/or the
estimated treatment time; and

adisplay device to display the output data values as clinical

decision support information including the visual repre-
sentation; and

a network interface to provide the output data values to

trigger transmission or storage.

20. An imaging system for evaluating a patient suffering

from acute stroke, comprising:
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an imaging system to receive patient brain electronic

images;

a decision support computing tool with a processor to:

receive patient clinical information;

generate a patient brain imaging profile using the patient
brain scan electronic images and the patient clinical
information, the imaging profile identifying a quan-
tity and eloquence of brain tissue that is irreversibly
infarcted, an estimated rate or quantity of patient brain
tissue that likely will become irreversibly infarcted at
a future time, a thrombus morphology associated with
an estimate of a thrombus dissolving at the future
time, and an estimated collateral blood flow;
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determine an estimated transport time to transfer the
patient to a treatment facility and an estimated treat-
ment time for receiving reperfusion at the treatment
facility; and

dynamically determining a patient assessment profile
by:

processing the patient clinical information, the patient
brain imaging profile, the estimated transport time,
and the estimated treatment time to generate input
data values;

dynamically deriving weighting factors as an assess-
ment of importance or relevance of the input data
values and assigning the weighting factors to the input
data values;

deriving as output data values for the patient assessment

profile using the input data values and the weighting
factors, the output data values being a probability of an
expert treatment decision for transferring the patient to
the treatment facility and providing the reperfusion at
the treatment facility, and a visual representation of the
thrombus morphology, the estimated collateral blood
flow, and an estimated quantity of brain tissue that will
likely become irreversibly infarcted after the estimated
transport time and/or the estimated treatment time;

an output device to output the output data results as clinical

decision support information to trigger display of the
output data results on a display device, storage in a data
storage device, or transmission for a transmitter.

#* #* #* #* #*
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