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Me: M Risk stratification models in the 3 levels of care é&%ﬁ

INFORMATION SYSTEMS TAXINOMISIS

1st LEVEL (PRIMARY CARE) - Use of Non-Imaging Data

Clinical Decision Diagnostic or Prognostic model to assist clinical decision
Vv |Diagnostic prediction of < 50% or > 50% Stenosis (ML model)

V |Diagnostic prediction of vulnerable plaque components (ML model)

Imaging or NOT? V |Diagnostic prediction of Silent Brain Lesions (SBL) (ML model)
Vv |Evolution of Brain Structural Changes (ML model)

V |Prognosis of Cerebral outcomes/events (SBL, Stroke, TIA, AF) (ML model)

2nd LEVEL (SECONDARY CARE) - Use of US Imaging Data

Clinical Decision Diagnostic or Prognostic model to assist clinical decision

Vv |3D Reconstruction & Plaque characterisation model (Geometry & plaque composition)

v * |Plaque growth model (Plaque progression geometry & composition)

Identify ASYMPTOMATIC PATIENTS
with higher risk for stroke in whom to
recommend further screening with
MRA and/or CTA for potential
intervention CEA/CAS
(Full exploitation of Duplex US
imaging)

Vv * |Blood flow & rupture model (Computation of biomechanical forces/ stresses)

Diagnostic prediction of Silent Brain Lesions (SBL) (ML model)

Evolution of Brain Structural Changes (ML model)

Prognosis of Cerebral outcomes/events (SBL, Stroke, TIA, AF) (ML model)

LA A S

Prognosis of CVD events (MI, Aneyrism Rupture) (ML model)

V |Prognasis of Post-Surgery MACE (ML model)

3rd LEVEL (TERTIARY CARE) - Use of US plus MRA (and/or CTA) Data

Clinical Decision Diagnostic or Prognostic model to assist clinical decision

Vv [3D Reconstruction & Plaque characterisation model (Geometry & plaque composition)

V * [Plague growth model (Plaque progression geometry & composition)
Identify ASYMPTOMATIC PATIENTS |V * |Blood flow & rupture model (Computation of biomechanical forces/ stresses)

Compare US vs MRA Risk prediction

with higher risk for stroke in whom to| v |Diagnostic prediction of Silent Brain Lesions {SBL) (ML model)
target intervention CEA/CAS versus | y |gyolution of Brain Structural Changes (ML model)
BMT
-\’ .
(Full exploitation of Duplex US plus Prognosis of Cerebral outcomes/events (SBL, Stroke, TIA, AF) (ML model)
MRA and/or CTA) V' |Prognosis of CVD events (M, Aneyrism Rupture) (ML model)

Vv |Prognosis of Post-Surgery MACE (ML model)
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1st Level (Primary Care)
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[ ] o [ ] o
% 50% S
Diagnostic detection < 50% or > 50% Stenosis
Without Biomarkers <« > With Biomarkers
| View# | Category ___|Features ____ __ __ INPUT
Demographics  Age (years), Gender (male, female)
Clinical Data Height (cm), Weight (kg), Body Mass Index (BMI) (kg/m?) Clinical Examination date, Gender, Age, Education, Height , Weight, BMI kg/m32
View 3 Risk Factors Smoking (Yes/No), Years of Smoking, Former Smoker Characteristics &  (19%), Asymptomatic, TIA, reversible ischemic neurological deficit
(Yes/No), Alcohal Consumption (Yes/No),, Risk Factors :E'hf'::’}ﬁ:r&"g;*:mf Wu“}mﬂ? lC:_'li B, ""-';- Diabetes Te"ﬁf%}
F - r : : f . Smeking yes/no, Smoking years, Former smoker A
:-g&?rl{?:;ﬁ:;lHE:FI:;rg:'#;;;tiﬁrfi;ﬁggﬁg}ﬁc:ﬂ?gﬂ: Alcohal consumption , Coronary disease, PADD, PAOD Aortoiliac, Chronic
. ' renal disease, Aneurysm disease
Artery Disease (CAD) (YesiNo), Peripheral Arterial N ; '
Occlusive Disease fPﬂDD',I w r”‘ﬂ. PACD Acrloiliac M_I?::,atmn ::at;aiﬁreganttherap\r. Antyhypertensive therapy, Anticoagulant therapy,
(Yes/No), Chronic Renal Disease (Yes/No), Aneurysm mw_
Disease (Yes/Na), Hematological ~ Hb g/L, WBC 108/, REC 1012/ L, PLT 109/ L, HGB g/LPT S, PTTS, INR
View 4 Medication Antiaggregant Therapy (Yes/Mo), Antihypertensive Features
Therapy Therapy (Yes/Mo), Anticoagulant Therapy (Yes/No), Lipid Biomarkers  Glukoza_mmol/L, S-Helesterel mmel/L, 5-HDL mmel/L, S-LDL mmal/L, 5-
Statin Therapy (Yes/Nao) Trigliceridi mol/L

m Biochemic Urea_mmol/L, Kreatinin_?mol/L, Mokracna kiselina_?mol/L,
Features Uk, biliribin_?mal/L, 5-Direktni Bilirubin/?meol/L, 5-Tetalni Proteini g/L, 5-
Alburmin g/L, S-Hlaridi malfl, 5-K mol/L, S-Ma mal/L, S-LDH U/L, 5-CRP

il Demagraphics Nan-CAS group mig/L, 5-A8T UJL, 5-ALT U/L, P-Fibrinogen g/L 1, Vrednost, B-D- dimer
[laesa) pg/L, P-Antitrombin Il g/L
N {F cinical v Mschine Learming Irr’}:i'n”' —— Demographics
- - (s ol ini
—_— Clinical Data M CAS grep
E Rlsk Factars Rlsk Fa ctors Class 0§
Patient g:gm gwp-un “ . )
] S i by
i m:p:“:l?ﬁm::ﬂ i L] — — MEdICﬂthn MAgchine: Loaming fc?.::nll': '
AR Medication Therapy Prognessc Bupgon B Hermatological e oigoicse e
Frsh preceaios vl Deaimenl culsome, . a
Patient Lipid
Biochemical E?:::-m
gl R g
O | S | — e —
AUC Pl e et sl TRATS Lkt
073 078 07? I:I?s 0?? 078 I]TJ' DTS
075 0.81 0.8 0.88 0.81 0.88 0.81 0.B8
088 0.82 071 0.84 071 0.84 0.71 0.84
074 074 o.7e 078 o7e 073 0.7a 079
078 077 078 0.77 0.84
Classifiers Accuracy AUC Sensitivity Specificity PPV NPV
Ace I s Random Forest  |0.89 lo.9s 10.878378 |0.886364 0.928571 |0.8125
077 ora 07? 078 074 0.74 on 073 |~andom [ |G- | AL 0. |0 [
08 088 081 088 08 ver o082 08 148 |0.88 |0.92 |0.888889 |0.869565 0.914286 |0.833333 |
oy [ Lo L L e L] Lk Logistic model tree |0.89 0.96 0952381 (D.818182 0.857143 [0.9375
07g o.70 079 078 0.78 078 0.7a 079 I 1 T T T T 1
076 084 078 0.84 077 084 078 088 Logistic regression  |0.87 |0.94 |0.892857 |0.807692 0.833333 |0.875 |
SYM lo8s o9 0925373 [0.843137 0.885714 |0.895833 |
Kigka V. et al., Detection of Asymptomatic Carotid Artery Stenosis through Machine Learning , EMBC 2022. ANN |0.89 |0.85 |0.913043 |0.857143 0.9 |0.875
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o Risk Stratification Tool (Levels 2-3)

INFORMATION SYSTEMS TAXINOMISIS
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Risk Stratification Tool (Levels 2-3)

INFORMATION SYSTEMS TAXINOMISIS
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o Risk Stratification Tool (Levels 2-3)

INFORMATION SYSTEMS TAXINOMISIS

Blood flow modelling (model )

F] ‘Wall Shear Stress distribution’2? Pressure droph2? Peak systolic Velocity % Stenosis Peak systolic vel'ucit? \ Blood flow metrics

Propability of Event occurrence (TIA, stroke, etc.)

peak TAWSS (Pa)

PSV (m/s)
ICA Stenosis (%)

Cerebrovascular event risk score

P et T -

i direa of low WER Tatal Areas of high * Propability of plaque progression
vessel il Osciflatory Shear

L ares Inde

Area of low TAWSS/Total vessel area (
Area igh 0SI (mm2
Area of high 0SI/Total vessel area (%)

Plague progression risk score

Plaque growth model

1L. Zouggari, "The Role of Biomechanics in the Assessment of Carotid Atherosclerosis Severity: A Numerical Approach OPEN ACCESS," vol. 1, 03/16 2018
2P. Xu et al., "Assessment of boundary conditions for CFD simulation in human carotid artery," Biomech Model Mechanobiol, vol. 17, no. 6, pp. 1581-1597, Dec 2018
3U. Morbiducci et al., "On the importance of blood rheology for bulk flow in hemodynamic models of the carotid bifurcation," Journal of biomechanics, vol. 44, pp. 2427-38, 09/02 2011.
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Risk Stratification Tool (Levels 2-3)
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Plaque rupture modelling
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MRI VS. Ultrasound modelling

..... ] = Proof-of-concept study which tries to provide a
NKUA - 3 cases .§ comparison between MRI-based and US-based 3D
z e carotid arterial models for three patients with a

: s >50% degree of stenosis.
st o oo o | @ The areas of low WSS matched the two models in

z x5 s oms terms of location.

—————| = The same trend was observed for the location of
- the peak WSS values, which were generally

Yellow: MRI-derived models, Purple: US-derived models

present either at the throat of the existing stenoses
or at the bifurcation site.

Costopoulos et al. (2017)
2Wang et al. (2019)
3Coradla et al. 2019
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Plaque growth
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