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Vart motto & vision

CHALMERS

Oka beslutsprecisionen
&
Inga fel i bedomning, prioritering och hantering!

Vart teknikfokus

Forbéttra distans- och prehospital vard med:

« Datafusion

 Kliniska beslutsstod

 Al/ML

* Telemedicin

* [nnovativ anvandarinteraktion
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CHALMERS

ASAP

Acute Support Assessment and Prioritizing

- ett generiskt koncept for att stodja datafusion, kliniska beslutsstod,
Al, telemedicin och innovativ anvandarinteraktion i halso- och
sjukvardstillampningar
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ASAP Familjetrad GHALMERS

ASAP Digital Health

Acute Support Assessment and Prioritization Sandbox

ASAP Remote ASAP PoC

|
ASAP Trauma ‘ ASAP Stroke

ASAP Home ASAP Home
TEAPaN-2 Autumn Leaves (Falls)

ASAP Home
Multi-diseased

elderly
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ASAP Konceptet (Acute Support Assessment & Prioritizing)
Stdd for datafusion, Al/ML och kliniskt beslutsstdd

CHALMERS

General structure ASAP & ASAP Services
Data/info
provider 1 T T T -
" SwW SW S \
) module 1 module 2 module N
Datqélnfo2 | . :
roviaer
P : * ASAP UX :
Data/info Open ASAP Ext. Open / |
provider 3 interface || 4_» interface |
I ASAP |
Data/info l Registry I
provider 4 | :
5 " ASAP Services
: N e EERSSE . -7
Data/info Data fusion, analysis, decision support &
provider n user interface for assessment,
prioritization & triage
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ASAP PoC (Point of Care) Stroke

ASAP PoC Stroke

Talk2Me

F ————————— a
" DY reatwear HVT1 g Nuance [l
| .
. Dragon I
I Dictate
. Medical

Diagnostics

L2

&

Vitals

Observations,
checklists,
triage,
anamnesis
etc.

User
interaction
Solutions

Image Analysis (ASAP PoC stroke)

* Quantification / parameterization of NHISS
+ Automatic analysis - an "objective" mNHISS

Open
interface/
protocol

IT-platform

ASAP
Services
PoC

Datafusion, analys & beslutsstdd ink
telemedicin & UI/UX fér bedémning,
prioritering, triage &; kommunikation
Aktuella beslutsstod:

* DRP (Dynamic Risk Prediction)
» OD (Optimal Destination)

LAl

» OSISP (On-Scene Injury Severity Prediction)

Hospital info

Provides ePR data to
ambulance "on request"
Telemedicine & expert
decision support
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ASAP PoC/Stroke

Scoping review in the stroke decision making in prehospital assessment — Grey literature. cHALMERS

Records identified (n=1593):
* ClinicalTrial (n=26)
ProQuest (n=36)
Arxiv (n=57)
Ebscohost (n=180)
NDLTD: Networked Digital Library of Theses and Dissertations (n=7)
UOW Library: University of Wollongong Library (n=115)
BASE: Biclefeld Academic Search Engine (n=5)
WHO: World Health Organization (n=21)

Study Identification

® 3 CI inica I tl‘ IaIS CADTH: Canada’s Drug and Health Technology Agency (n=24)
FiNDit (n=12)
OATD: Open Access Theses and Dissertations (n=106)
g g o USC Library: University of Southern California Library (n=903)
« 2 mobile applications Science dify (u100)
'] \d
1 master’s thesis
Records screened by title and anstract (n=1593)
M . Duplicates and records
C 1 P h D d’sser tati on »  excluded after title and
y abstract screening (n=1467)

Records assessed for eligibility (n=126)

Records rejected for not
meeting inclusion criteria
v (n=119)

v

Records included in the review (n=7)

Included Records
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ASAP PoC/Stroke

Scoping review in the stroke decision making in prehospital assessment — Peer-reviewed literature.

Aims of scoping review:

« To highlight the promising methods in early stroke
characterization and investigate the possibility of using
them as decision support systems for stroke, especially
LVO.

« To compare the accuracy of Al-based decision support
systems with the accuracy of clinical stroke scales
based on evidence available in the literature.

« To identify new data sources and variables that could
be used in the early characterization of stroke, e.g.,
vital data, observations by paramedics, biomarkers,
sensors, video analysis, etc.
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Open access Protocol

CHALMERS

BM) Open Early identification and characterisation
of stroke to support prehospital
decision-making using artificial
intelligence: a scoping review protocol

To cite: Jalo H, Seth M,
Pikkarainen M, et al.

Early identification and
characterisation of stroke to
support prehospital decision-
making using artificial
intelligence: a scoping

review protocol. BMJ Open
2023;13:e069660. doi:10.1136/
bmjopen-2022-069660

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2022-069660).
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ABSTRACT

Introduction Stroke is a time-critical condition and one
of the leading causes of mortality and disability worldwide.
To decrease mortality and improve patient outcome

by improving access to optimal treatment, there is an
emerging need to improve the accuracy of the methods
used to identify and characterise stroke in prehospital
settings and emergency departments (EDs). This might

be accomplished by developing computerised decision
support systems (CDSSs) that are based on artificial
intelligence (Al) and potential new data sources such as
vital signs, biomarkers and image and video analysis. This
scoping review aims to summarise literature on existing
methods for early characterisation of stroke by using Al.
Methods and analysis The review will be performed with
respect to the Arksey and 0’Malley’s model. Peer-reviewed
articles about Al-based CDSSs for the characterisation of
stroke or new potential data sources for stroke CDSSs,
published between January 1995 and April 2023 and
written in English, will be included. Studies reporting
methods that depend on mobile CT scanning or with

no focus on prehospital or ED care will be excluded.
Screening will be done in two steps: title and abstract
screening followed by full-text screening. Two reviewers
will perform the screening process independently, and a
third reviewer will be involved in case of disagreement.
Final decision will be made based on majority vote. Results
will be reported using a descriptive summary and thematic
analysis.

,! Minna Pikkarainen,? Ida Haggstrom ©
,"® Bengt Arne Sjoquist @,

1
1

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The use of a scoping review is an effective meth-
od to explore and map broad and diverse research
questions.

= This study is guided by a validated methodolog-
ical framework and has a peer-reviewed search
strategy.

= Two reviewers will conduct the screening process to
reduce selection bias.

= As this work is a scoping review, no quality appraisal
of included studies will be carried out.

= Grey literature and studies not published in English
are not included.

low-income countries, stroke has doubled in
the past four decades.*® In high-income coun-
tries, the majority of stroke cases (85%) are
caused by occlusion of a vessel by a blood clot,
called ischaemic stroke.? ® For 24%-46% of
ischaemic strokes, the obstruction is located
in the proximal part of a major intracere-
bral artery, referred to as large vessel occlu-
sion (LVO).° 7 Stroke caused by bleeding,
called haemorrhagic stroke, accounts for
the remaining cases (15%).?* In ischaemic
stroke, the clinical outcome can be improved



ASAP PoC/Stroke

Scoping review in the stroke decision making in prehospital assessment — Peer-reviewed literature. cHALmERS
Identify studies from = 11,940 Inclusion criteria Exclusion criteria
’ ls’ubMed Patient Patients with suspected stroke. Phases of stroke care not related to
. éﬁ‘é"iplo,e initial. Qiagnosis and treatment, e.g.,
) : ‘C*fl’h‘r’:ni“ﬁ‘;;y Identify additional studies through rehabilitation.
2 « Embase snowballing
é + CINAHL Intervention Al-based CDSS. The early characterization method
2 11:;33}’535 depends on mobile CT scanning.
1 * Google Scholar
&

Stroke detection image techniques that
cannot be used or adapted to the
prehospital setting.

Studies after duplicates removed
=6,018

Outcomes Study reports accuracy and/or | No results for stroke characterization
qualitative evaluation. are reported.

A 4

Screening title and abstracts = 5922 Publication type Peer-reviewed articles and peer- | Book reviews, editorial articles,

U Ry I SR S S

g Sendiea axcliided afar reviewed conference papers. conference abstracts and
'g » reviewing title and abstract commentaries.
v =4,784
Assessing full text for eligibility = 97 Study design Qualitative and quantitative studies. | Cost effectiveness and acceptability
studies.
___________________ > Studies rejected after
v reviewing full article " - - - -
é Publication date January 1995 — April 2023. Full article cannot be obtained.
Included studies in the scoping review
g Language English. Articles not written in English.
=
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ASAP PoC/Stroke

Scoping review in the stroke decision making in prehospital assessment — Peer-reviewed literature. cHaLmers

Clinical Decision Support for Stroke
Using Multi—view Learning Based Models

for NIHSS Scores
Vaibhav Rajan!®), Sakyajit Bhattacharya!, Ranjan Shetty?, Amith Sitaram?, DEMOGRAPHIC PAST DISEASES
and G. Vivek? Age Hypertension PAST ADDICTIONS
! Xerox Research Centre India, Bengaluru, India Sex Diabetes Mellitus SmOkmg
, vaCibhaV-rajan@xerOX-com Education level Heart Disease Alcohol
Kasturba Medical College, Manipal University, Manipal, India .
% University Hospital, Zurich, Switzerland Type of Job Cerebro-vascular Accident
Abstract. Cerebral stroke is a leading cause of physical disability and BLOOD INVESTIGATIONS PAST MEDICATIONS
death in the world. The severity of a stroke is assessed by a neurological Aspirin
examination using a scale known as the NIH stroke scale (NIHSS). As a RADIOLOGY P
measure of stroke severity, the NITHSS score is widely adopted and has Hemoglobin ClOpidngEl
been found to also be useful in outcome prediction, rehabilitation plan- RBS C t Echo Statins
ning and treatment planning. In many applications, such as in patient oun MRI
triage in under-resourced primary health care centres and in automated Platelet Count CcCB
clinical decision support tools, it would be valuable to obtain the severity C tini cT ACEI
of stroke with minimal human intervention using simple parameters like reatininé . . .
age, past conditions and blood investigations. In this paper we propose Serum Sodium Antl-Eplleptlcs
a new model for predicting NIHSS scores which, to our knowledge, is . T :
the first statistical model for stroke severity. Our multi—view learning Albumin Anti-Diabetics
approach can handle data from heterogeneous sources with mixed data
distributions (binary, categorical and numerical) and is robust against
missing values — strengths that many other modeling techniques lack. In

our experiments we achieve better predictive accuracy than other com-
monly used methods.
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Scoping review in the stroke decision making in prehospital assessment — Peer-reviewed literature.

CHALMERS

BRIEF RESEARCH REPORT
published: 01 July 2022
doi: 10.3389/Meur.2022.878282

Prediction Model

Q” frontiers | Frontiers in Neurology

) Output

e Feature Extraction Intensity f \
Allignment Left Weakness
Facial -
Landmark - E;ar:::rt?on —- No Weakness
Human vs. Machine Learning Based Extraction
3.edtect‘|\on Iof famal Weakness Using Classification Right Weakness

Chad M. Aldridge !, Mark M. McDonald !, Mattia Wruble ', Yan Zhuang?, Omar Uribe,
Timothy L. McMurry?, Iris Lin*, Haydon Pitchford’, Brett J. Schneider’,

William A. Dalrymple', Joseph F. Carrera®, Sherita Chapman, Bradford B. Worrall?,
Gustavo K. Rohde?® and Andrew M. Southerland '?

OPEN ACCESS * Department of Neurology, University of Virginia, Charlottesville, VA, United States, ? Department of Electrical and Computer 100% 4
5 Engineering, University of Virginia, Charlottesville, VA, United States, * Department of Public Health Sciences, University of
Edited by: Virginia, Charlottesville, VA, United States, “ Department of Neurology, University of Pittsburgh, Pittsburgh, PA, United States,
Thanh G. Phan, < pepariment of Neurology, University of Michigan, Ann Arbor, M, United States, ® Department of Biomedical Engineering,
Monash Health, Australia University of Virginia, Chariottesville, VA, United States
Reviewed by:
Lior Shamir, . L . .
Kansas State University, United States  B@ckground: Current EMS stroke screening tools facilitate early detection and triage,
Bruce Campbel,  but the tools’ accuracy and reliability are limited and highly variable. An automated stroke 75%
The Unit ity of Melbot ), Australl o N e oo '
© Unversity ofMelboume, AUstal2 soreening tool could improve stroke outcomes by facilitating more accurate prehospital
*Correspondence: ) ) R . ) ) . o
P M':U;',':; " diagnosis and delivery. We hypothesize that a machine learning algorithm using video
cma7n@virginia.edu analysis can detect common signs of stroke. As a proof-of-concept study, we trained
FThese authors have contributed @ COMPUter algorithm to detect presence and laterality of facial weakness in publically 2
equaly to this work and share  @valilable videos with comparable accuracy, sensitivity, and specificity to paramedics. =
first authorship X X § X ‘B 50%-
Methods and Results: We curated videos of people with unilateral facial weakness (n 2 :
. . . . @
Specialty section: = 93) and with a normal smile (n = 96) from publicly available web-based sources. Three [%)
This article was submitted to hoard certified vascular neurologists categorized the videos according to the presence
Stroke, - ol
a section of thejoumat  OF @bsence of weakness and laterality. Three paramedics independently analyzed each
Frontiers in Neurology  video with a mean accuracy, sensitivity and specificity of 92.6% [95% Cl 90.1-94.7%)],
Received: 17 February 2022 87.8% [95% Cl 83.9-91.7%] and 99.3% [95% Cl 98.2-100%]. Using a 5-fold cross 25%
:::m‘: ‘(’)’7 ’:”a,y igij validation scheme, we trained a computer vision algorithm to analyze the same videos
J uly : e e P
Citati producing an accuracy, sensitivity and specificity of 88.9% [95% Cl 83.5-93%), 90.3%
lation:
Adridge M, MeDonaigmy,  [95% Cl 82.4-95.5%) and 87.5 [95% Cl 79.2-93.4%).
A;‘Z;ﬁﬁy"”ﬁz'y:?gpﬁczfﬁg Conclusions: These preliminary results suggest that a machine learning algorithm using Rater Algorithm Wl Paramedic 1 Paramedic2 B Paramedic 3
Schneider BJ, Dalymple WA, computer vision analysis can detect unilateral facial weakness in pre-recorded videos ) AUC: 0.89 0.95 0.94 0.89
Ca”;’:hf g’fp'gagoi;mgjz if; with an accuracy and sensitivity comparable to trained paramedics. Further research is 0% ) : . i )
e GK an eri . .
(2022) Human vs. Machine Leaming  Warranted to pursue the concept of augmented facial weakness detection and external 0;,/0 5 5'0 % 50'% 7 5'% 106%
Based Detection of Facial Weakness validation of this algorithm in independent data sets and prospective patient encounters. 1 - Specificit
Using Video Analysis. p y
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Mal att utvardera potentialen for maskininlarning (ML) och
videoanalys for tidig karakterisering av stroke genom att
digitalisera delar av NIHSS skalan

Facialispares Pares 1 arm Pares 1 ben Ataxi
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Metod

* Samla in data (video- och ljuddata)

* Friska frivilliga som efterliknar strokesymtom (n = 6)
* Filmerna granskades och godkidndes av tva seniora strokespecialister (Petra Redfors, Annika Nordanstig)

* Datasetet bestod av 888 video- och 90 ljudinspelningar (156 for ansiktsforlamning, 246 armpares, 247
benpares, 119 finger-nisataxi, 120 hil-kniataxi och 90 dysartri)

* Bearbeta videorna med hjilp av att detektera landméarken

* Trana ML-klassificeringsmodeller

* Binart klassificeringsproblem: stroke jamfort med icke-stroke
* Data delades upp som 75 % tranings- och 25 % testdata

» Utvardering av modellernas prestanda
* Noggrannhet, sensitivitet och specificitet
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Early characterisation of stroke using video analysis and machine learning

Facialispares

Ingen pares Pares
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Early characterisation of stroke using video analysis and machine learning

Ansiktsigenkanning

Forbehandling gjordes med MediaPipe for att skdra ut ansiktsregionen och ta bort
onodig information

MediaPipe MediaPipe
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Early characterisation of stroke using video analysis and machine learning

Extrahering av ansiktslandmarken

Histogram of Oriented Gradients Recurrent plqts (RP) testades pa
(HOG) och Eigenface-algoritmer ansiktsforlamning pa 6vre och nedre
anvindes for extraktion av ansiktsdrag halvan av ansiktet

eigenface 5
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Forsta studien pa Al-baserad analys av video pa strokesymtom

CHALMERS

Modellens prestanda

Algorithm Classifier Accuracy (%) | Sensitivity (%) | Specificity (%)
HOG < | AdaBoost 97.8 98.0 97.0 >
CNN 94.3 97.0 91.0
DNN 97.8 98.0 96.0
SVM 97.6 98.0 95.0
Eigenface AdaBoost 96.6 97.0 95.0
DNN 96.2 97.0 92.0
SVM 96.0 97.0 91.0
RP CNN 94.1/88.2 96.2/88.9 92.0/87.5
DNN 80.4/70.6 80.8/75.0 80.0/69.2
RestNet 84.3/66.7 84.6/33.3 84.0/66.7
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Early characterisation of stroke using video analysis and machine learning

Arm och ben pares

NIHSS =1 NIHSS =2 NIHSS =3
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Modellens prestanda (armpares)

Algorithm Classifier Accuracy (%) Sensitivity (%) | Specificity (%)
OpenPose DNN 88.1 95.7 61.5
SVM 93.0 97.0 77.0
RestNet 78.3 100 0
MediaPipe DNN 91.0 97.7 22.2
SVM 100 100 (0
RestNet 82.7 100 0
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Early characterisation of stroke using video analysis and machine learning

Modellens prestanda (benpares)

Ben identifierades inte av MediaPipe
(vanster) och OpenPose (hoger) for
benpares.

Digital Health in the BioMedical Signals & Systems Group
Care@Distance - Remote and Prehospital Digital Health

Supporting remote care & mobile teams in a new Health Care paradigm



Forsta studien pa Al-baserad analys av video pa strokesymtom

Early characterisation of stroke using video analysis and machine learning CHALMERS

Ataxi

Ataxi finger mot nisa Hal-kna-ataxi
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Modellens prestanda (finger-nasa-ataxi)

Algorithm Classifier Accuracy (%) | Sensitivity (%) | Specificity (%)
OpenPose DNN 76.7 64.3 87.5
SVM 47.0 100 0
RestNet 53.3 0 100
MediaPipe [ DNN 86.6 71.4 38
SVM 47.0 100 0
RestNet 60.0 0 100
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Forsta studien pa Al-baserad analys av video pa strokesymtom

Early characterisation of stroke using video analysis and machine learning

Modellens prestanda (hal-kna-ataxi)

* OpenPose misslyckades med att uppticka benet 1 hal-kna-ataxi.

Algorithm Classifier Accuracy (%) | Sensitivity (%) | Specificity (%)
MediaPipe <_| DNN 90.0 85.7 93.8 i
SVM 47.0 100 100
RestNet 70.0 14.3 0

Digital Health in the BioMedical Signals & Systems Group
Care@Distance - Remote and Prehospital Digital Health

Supporting remote care & mobile teams in a new Health Care paradigm




Forsta studien pa Al-baserad analys av video pa strokesymtom

Dysartri

Symtom pa dysartri efterliknades 1 tre steg:

normalt tal

sluddrigt tal
oformaga att formulera ord

["Mamma Femtio Femtio Basketspelare” ]

Mamma
Tipp Topp

Femtio :
| Tack :
Krusbar :
Basketspelare :

1

2
3
4
5
6

(sokta ord)
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(text paragraf)

V

_: > [0,0,0,0,0,0] | > [1,0,2,0,0,1]




Forsta studien pa Al-baserad analys av video pa strokesymtom

Modellens prestanda

Algorithm Classifier Accuracy (%) Sensitivity (%) | Specificity (%)
Google Speech- | DNN 100 100 100
to-Text

SVM 100 100 100

RestNet 100 100 100
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ASAP PoC/Stroke

Early characterisation of stroke using video analysis, machine learning and eye tracking
Kandidatarbete som fokuserar pa digitalisering av partiell blick fran NIHSS-skala

Data collection

}iii Training dataset Test dataset Eé%

e

Feature / Machine learning [ Classification
extraction model
SVM
o/ 0pg
. . )
- [DNN Stroke / No stroke
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ASAP PoC/Stroke

Utveckling av ett Al-beslutsstdd for prehospital strokebeddmning baserat pa de svenska strokeregistren. CHALMERS

@ BMC Medlical Informatics end

e https://doi.org/10.1186/512911-023-02290-5 Decision Making

88 viststroke  RiksSTROKE'! EVAS

ett kvalitetsregister for hela strokevardkedjan The Swedish Stroke Register R D QVASKOLAR —
On Scene Injury Severity Prediction (OSISP) =

model for trauma developed using the Swedish

Trauma Registry

Anna Bakidou'?", Eva-Corina Caragounis®, Magnus Andersson Hagiwara?, Anders Jonsson?,
Bengt Arne Sjéquist' and Stefan Candefjord’

o Vilken typ av data finns i varje register?

o Vilka ar de viktigaste variablerna for detektion av LVO i Abstrac

. TR r) Background Providing optimal care for trauma, the leading cause of death for young adults, remains a challenge e.g.,
p re h OS pltal m I IJ O H due to field triage limitations in assessing a patient’s condition and deciding on transport destination. Data-driven On
o Scene Injury Severity Prediction (OSISP) models for motor vehicle crashes have shown potential for providing real-
O AI d e r time decision support. The objective of this study is therefore to evaluate if an Artificial Intelligence (Al) based clinical
decision support system can identify severely injured trauma patients in the prehospital setting.
H Methods The Swedish Trauma Registry was used to train and validate five models — Logistic Regression, Random
O n -Set tld Forest, XGBoost, Support Vector Machine and Artificial Neural Network — in a stratified 10-fold cross validation setting
and hold-out analysis. The models performed binary classification of the New Injury Severity Score and were evalu-

O
O Tra n S po rt‘t i d ti I I O mfatta n d e S‘t ro kece nte r ated using accuracy metrics, area under the receiver operating characteristic curve (AUC) and Precision-Recall curve
O

(AUCPR), and under- and overtriage rates.

N I H S S poén g Results There were 75,602 registrations between 2013-2020 and 47,357 (62.6%) remained after eligibility criteria

were applied. Models were based on 21 predictors, including injury location. From the clinical outcome, about 40%
of patients were undertriaged and 46% were overtriaged. Models demonstrated potential for improved triaging

[ | Og O n ré re I Se r and yielded AUC between 0.80-0.89 and AUCPR between 043-0.62.

Conclusions Al based OSISP models have potential to provide support during assessment of injury severity. The find-
g g oo g ings may be used for developing tools to complement field triage protocols, with potential to improve prehospital
u MOtO“Sk fU n kt|0nsned Sattn I ng trauma care and thereby reduce morbidity and mortality for a large patient population.

. g Keywords Artificial Intelligence (Al), Clinical Decision Support System (CDSS), On Scene Injury Severity Prediction
O KO m O rb I d Itet (OSISP), Prehospital care, Trauma, Field triage
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ASAP PoC/Stroke @ Etikprévnings

KI H k .t d ° CHALMERS
Iniska studier myndIQheten
+
» FOrsta retrospektiv studie i samarbete med <ﬁ> ‘t
SA/GU (Katarina Jood). \T/ Omfattande strokecenter
» Prospektiva studier i ambulans (forst + (s
blindade studier sa att vi eliminerar risker =
for patienterna)
- Kan vi 6ka andelen patienter som far Annan
trombektomi och/eller korta tiden {ill
behandling? Narmaste sjukhus
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Slutsatser

» Resultaten indikerar att digitalisering av delar av NIHSS ar genomférbart, och att videoanalys
och ML har potential for tidig upptackt av strokesymtom.

« Kommande studier kommer utvardera om Al-baserade beslutsstod har potential att
komplettera dagens beslutsstod.
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Fragor?
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