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Acquisition Analysis Reporting

• LV EF  
• LV Volumes 
• LA Volume 
• LV Mass 
• RV EF 
• RV volumes 
• LV, LA, RV 

Functional 
Curves 

• 2D and Doppler 
automated 
measurements

• LV Hypertrophy 

• LV and LA dilation 

• RV volume and 
pressure overload 

• Restriction 
• Constriction 
• Diastolic Function 
• Cardiomyopathies 

• LV wall motion 
analysis 

• Valve disease 

• Heart failure 

Diagnosis Prognosis Labeling Structures 
Training

Telemedicine 
Guidance at a 

distance

LV Ao

LA

LV

• Echo alone 
• Echo and ECG 
• Echo and Big 

Data 
• Echo and 

other 
Imaging 
Modalities

2D

Strain

3D

2D

Doppler

3D

RA

RV

Echocardiography



AUTOMATED MEASURE
• NEW methods that may 

• Improve  work flow 

• Reduce calculation time 

• Improve standardization and reproducibility 

• Provide automatic diagnosis and prognosis

< 30 Minutes to perform a 
comprehensive echo with a 
complete advanced analysis



Calcoli automatici ecocardiografici e Doppler automatici sono oggi 
ampiamente integrati sia negli ecografi commerciali di fascia 
media/alta, sia nei sistemi vendor-neutral / interventor dedicati 
alla cardiologia interventistica e strutturale.

CALCOLI ON-
BOARD SINGOLE 

COMPAGNIE

CALCOLI ED 
ANALISI CON 
SOFTWARE 

INTERVENDOR 

CALCOLI AUTOMATICI DA 
IMMAGINI DICOM DI MISURE 

TRADIZIONALI, CALCOLI DERIVATI 
COMPLESSI DALLE STESSE 

IMMAGINI O DIAGNOSI OTTENUTE 
DA UNA O PIU’ PROIEZIONI



Low reproducibility 

Foreshortening  
volumes 

underestimation 

Time consuming  
(multiple 

measurements)  

Higher 
reproducibility 

Than 2D and lower 
underestimation 

of LV volumes 
Vs  

CMR 

Gold standard 

Low inter-
observer and 

intra-observer 
variability

2D ECHO has 
several 

limitations in 
Accurate 
analysis  

Volumes and 
EF of the left 

ventricle

2D 3D MRI 

VOLUMI/ EF DEL 
VENTRICOLO 

SINISTRO



Ing Francesco Maffessanti

A «dream» in the year 2000
Reality in  2024

Chicago University Politecnico MI Centro Cardiologico Monzino 
IRCCS, MI

Roberto Lang



From the 4 chamber view we launch  
Dynamic Heart Model Acquisition

Very 
simple 

And rapid

VOLUMI e EF del VS 
VOLUMI e Funzione dell’ATRIO 
SINISTRO 
STROKE VOLUME 
MASSA VS



« Static» Heart Model  

IL METODO 
AUTOMATICO IN AI DI 

CALCOLO DELLA 
FUNZIONE DI VS E AS 

E’ FATTIBILE, 
RIPRODUCIBILE, 

RAPIDO E CORRELA 
CON IL METODO 

TRADIZIONALE 3D (E 
CON LA RISONANZA 

MAGNETICA) 

Dynamic LV and LA volumes 
and accurately analyse 
ejection/filling parameters.

«Dynamic» Heart ModelRobust 3D quantification of 
cardiac chambers  

for everyday clinical practice.



The study included 194 patients. LV volumes and EF were obtained with automatic HM and compared 
to 2DE biplane method (2DBP), 3DE tracings modality (3DFV) and cardiac magnetic resonance (CMR) 

measurements (90 pts).  

Verso quale (gold ?) standard vogliamo tendere   ????? 

Versus 2D 3D CMR
Acquisition 

Recontruction 
29 sec

JASE 2017



Ideal sliders ? (first study 50 -50 Diastole-Systole)  

LV and LA models are then built by using 
automatic endocardial surface detection

2D/ 3D standard 
volumes

MRI standard 
volumes

HM  
Optimized 

39 e 22

HM 
optimized 
75 and 57 Tamborini et al 

JASE 2017

Shall we tend towards 
ECHO or MRI? 

Attualmente ottimizzati 
vs MRI

The new automated 
method may better 

compared to 
«traditional» 3D TTE 

volumes or CMR values 
depending on inclusion  

or exclusion of 
trabeculae (sliders and 

setting of border 
detection) 



Dynamic Heart Model 
3D LA volume 
(volumes) : excellent 
correlation with 2DTTE 
and mainly with MRI 
(NB Biplane methods)

LA volumes have an important role in 
diagnosis and prognosis of several 
pathologies. We have to move from 2D to 
3D assessment

2D TTE : the atrium may be 
foreshortened because its 
long anxis is not necessarily 
perfectly aligned with that of 
the ventricle. 
3DTTE (artificial int.) 
and NOT always MRI: 
Perfect automated aligment 
of the maximal length of the 
LA (not in the same axis of 
the LV)

ATRIO SINISTRO

Standard 2DECHO 
and Standard MRI 

utilize a biplane 
method 

3DTTE is volumetric



Usefulness in 
Cardiomyopathies

YOUNG lady 
Peripartum dilated CMP: 

Heart failure; high LV end-
diastolic pressure; LV EF 30%

2020

B-Bump 
High LV edPressure



Initial results after therapy 
 May 2020: 
LVEF: 29% ; LV volume 175 ml 

Autostrain: GLS: - 13%



Optimized 
Therapy 

JULY 2020: 
LVEF: 55% ; 
volume VS 

154 ml 

Autostrain: 
GLS: - 21%



JACC Heart Failure 2025
Heart failure with improved ejection 
fraction (HFimpEF) is defined by improved 
left ventricular ejection fraction (LVEF > 
10%-40%) among patients who previously 
had reduced LVEF. HFimpEF

Emerging clinical experience suggests that heart failure 
arising from acute etiologies that fully resolve along with 
complete LVEF recovery may have a favorable prognosis 
with lower risk of relapse. Indeed, cohort and case series 
studies have demonstrated the feasibility of safe de-
escalation of GDMT in select patients with specific 
etiologies, with multiple small trials ongoing

INDIPENDENTEMENTE DALLA TERMINOLOGIA E’ 
FONDAMENTALE DOCUMENTARE IL MIGLIORAMENTO 

FUNZIONALE DEL VENTRICOLO SINISTRO IN MODO 
ACCURATO 



IMPORTANZA DELLA VALUTAZIONE DEI VOLUMI E DELLA 
FUNZIONE DEL VENTRICOLO DESTRO IN TUTTE LE CARDIOPATIE



Maffessanti Circulation CV Imaging 2013
JASE 2010 EXCELLENT CORRELATION WITH CMR RV 

Ejection Fraction  
Slight Underestimation of RV Volumes

Tamborini OFF line Methods FEW minutes 
Feasibility 97%; Good-Optimal 85%



  Tamborini et al JASE 2010

SISTEMI off line (7 
Minuti..) 

SISTEMI  ON BOARD  : 4 
Minuti

2008

2025: 
Lieve 
sottostima 
Volumi; 
Buona 
correlazione 
EF

Ora con metodi di 
INTELLIGENZA ARTIFICIALE 



➢ Fattibilità 95% 
➢ Accuratezza dei volumi e della 

frazione d’eiezione vs sistema 
semiautomatico 

➢ Accuratezza delle misure 
derivate (tapse, fac, strain) vs 
le misure bidimensionali 
tradizionali

15 SECONDI

Superati problemi di 
valutazioni OFF-line

Dati 2D, e DTI 
estratti in AI 

dal 3D

TAPSE; FSA; FREE WALL STRAIN



Akkus et al 2021
Automated Echo Interpretation

Deep-learning 
model for 
classification of 
myocardial 
diseases

Classify: 

Normality 
Restriction 

Constriction 
etc

Classify 
DIAGNOSIS



Hypertrophic 
CMP 

Amiloydosis 

 Pulmonary 
Hypertension

Akkus et al 2021



Several studies showed that Ai may classify different 
etiologies and patterns of LV hypertrophy: 
 Hypertrophic CMP, Hypertension, Infiltrative CMP 
athletic heart, etc 

ECHO AI 
diagnosis of 
Amyloidosis 

 from a single  
4 –chamber 

view



Segmental LV function in baseline and during Stress

NATURE 2020

Analisi automatica Segmenti VS 
durante stress



AI  and Valve Diseases   (few examples) 
Il modello (ECO parasternale) predice il 
Calcium score (presenza di alti livelli di 

calcio) a livello coronarico con una 
elevate  accuratezza.

Detection of Aortic 
Stenosis and also bicuspid 

valve

Identification of Significant TR 
Data from: 
4 Chamber  and other echo-views 
(both with and without color 
Doppler information).

NB more than 900 references 



DATA INTEGRATION 
Clinical Data, Big data 
ECG, ECHO, CMR, CT 

ELIAS, JACC 2024 

Prognosis



Integration of AI with Other Imaging Modalities  
 Synergies Between Echocardiography and Other Modalities

+
Clinical data 

ECG 
CT / MRI 
Biological 
Markers 

Other

Mortality in TAVI: 14 potential predictors were identified 
with the organic mitral regurgitation (myxomatous or 
calcific degeneration of the leaflets and/or annulus) 

which showed the highest impact on 5 years mortality. 
Schuuring et al Frontiers 2021

PROGNOSIS: SPECIFIC VARIABLES OR LOW-MEDIUM-HIGH RISK 
EVENT PREDICTION



Altri aspetti di grande prospettiva dell’IA
• guiding of beginners toward a technically correct image 

with a DL technique (several new equipments)

TRAINING 
TELEMEDICINE- GUIDANCE 
ROBOTICS

COLLABORATIVE  
AI



The application of artificial intelligence (AI) in echocardiography has shown 
tremendous growth in the past decade, with the exciting potential for 
standardization, reducing variability, automating measurements, and 
recognizing uncommon diseases.

To GUIDE USERS 

Education and Point of CARE 
(COVID…) 
Automated Measurements 
Reports 

Guiding operators remotely

Riconoscimento Automatico 
struttura con labeling  

Rosso: Immagine non corretta 
Verde Immagine Correttta  

Calcoli Automatici EF

TABLET con sonda CUORE, POLMONE 
ADDOME 

POCUS con AI



Patient Selection 
and screening Acquisition

Images analysis 
and 

interpretation

Ischaemia 
(FFR-CT, CTP)

Reporting Cardiac Structure 
Segmentation 

• CT protocol 
selection 

• Patient 
positioning 

• Scanning 
parameters 

• Correction 
of motion 
artifacts

• Identify calcium 
• Detection and 

quantification of 
stenosis 

• Atherosclerosis 
burden 

• Plaque analysis

Other findings

Cardiac Computed 
Tomography

Baggiano et al  
J Cardiovasc 
Echography 2025



Multidetector computed tomography is feasible, 
safe, and accurate for identification of idiopathic 
versus ischemic DCM, and may represent an 
alternative to coronary angiography.

Ischemic MR is the most frequent etiology of regurgitation in 
FMR. 

2009

JACC 2007
2026: ANALISI AUTOMATICA QUADRO 

CORONARICO CON DEEP LEARNING 



Quantificazione automatica della placca coronarica 
da TC 
Le applicazioni più mature riguardano la coronaro-TC. 
Nuovi algoritmi di AI permettono di quantificare 
automaticamente volume, composizione e 
caratteristiche della placca aterosclerotica, 
identificando pazienti a rischio elevato anche in 
presenza di stenosi non severe. Il burden 
aterosclerotico totale può essere un predittore più 
importante degli eventi cardiovascolari rispetto al 
solo grado di stenosi.

JACC 
Adv2025

 Noncalcified plaque burden and increment in 
stenosis severity as the most powerful predictors 
of MACE  (CONFIRM 2 3551 Patients)



This study demonstrates that a 
simplified framework combining 
three quantitative CCTA metrics 
(diameter stenosis, percent 
atheroma volume (PAV) and average 
lumen area (ALA)  can enhance 
myocardial ischaemia risk 
stratification. 

artificial intelligence–
based quantitative 
computed tomography

Integrating 
quantitative AI-QCT 
parameters  
offers a more 
accurate risk 
estimate in women



Cardiac CT with 
delayed 

enhancement (DE-
CT) is an emerging, 
effective alternative 

to MRI for identifying 
left ventricular (LV) 

scars

MRI



Image 
Acquisition

Image 
Reconstruction

Image 
Segmentation

Image 
Analysis

Prognosis
Report 

Generation

Cardiac Magnetic Resonance

Standard cine

Fast cine

LGE 
visualization

LGE 
quantification 

by human

LGE 
quantification 

by ML

Baggiano et al  
J Cardiovasc 
Echography 2025



MRI  One single Exam >>>> 
DIAGNOSIS



In this multicenter study, a novel 
deep CNN for automatic 
segmentation of cardiac structures 
in CMR images
affected by magnetic susceptibility 
artifacts was developed and tested. 

The developed method was able to 
obtain accurate image 
segmentation, matching expert 
physician performance and clinical 
measurement accuracy in both 
artifacts and artifacts-free cine CMR 
images.

This allows for automatic and faster 
segmentation of cardiac anatomy 
than manual tracing.



Virtual Native Enhancement (VNE)  is a new 
CMR technology that resembles conventional 
LGE but without the need for contrast 
administration.  
VNE achieved high agreement with LGE in the 
distribution and quantification of lesions, with 
significantly better image quality

The VNE technology has the potential 
to change the current paradigm for 
CMR imaging, as it may allow 
significantly faster, lower-cost, and 
contrast free CMR scans, enabling 
frequent monitoring of myocardial 
tissue changes.

CONTRAST FREE MRI



A composite clinical and CMR-based risk score provides 
incremental prognostic value beyond Standard Of Care  
evaluation,which may have impact on the indication of 
implantable cardioverter-defibrillator implantation.

PROGNOSI:  NON ISCHAEMIC 
DILATED CMP; ICD ?



The ML-derived 
risk stratification 

approach 
performs better 
than the top of 
the usual risk 
stratification 
approaches 

(HCM Risk-SCD 
model).

PREDIZIONE RISCHIO ARITMICO:  HPERTROPHIC CMP



Despite this apparent tremendous potential, the impact of AI in current 
clinical cardiology practice is still limited 

 Some difficulties seem to derive from the apparent relative “isolation” of 
several AI experiences:   

Some of these problems are related to the certification of AI products as 
medical devices, to the privacy protection, to legislative and legal and 
responsibility issues in the case of derived wrong medical decisions, to the 
transparency and the physiological plausibility of AI results 

A word of caution



Applying an Artificial Intelligence (AI) medical device to a new population
—often called covariate shift or data drift—carries significant risks.  
Algorithms trained on data from one demographic or hospital can 
experience severe performance drops when used on different patient 
groups, threatening diagnostic accuracy and patient safety. 

AUC 0.92

AUC 0.78



AI CONTRADDIZIONI SUL CONCETTO DI SUPERVISIONE

• La trasparenza è un 
elemento chiave per 
garantire il controllo dei dati 
personali. Il Garante Privacy 
e il Regolamento europeo 
sull'IA (AI Act, art. 14) 
sottolineano che l'uso di 
sistemi di IA in ambito 
sanitario deve prevedere 
sempre una supervisione 
umana qualificata da 
parte di professionisti 
medici.

• DATI AUTOMATICI: 

• «ESPERIENZA»

In PASSATO MISURE 
DEGLI OPERAI 
DIRETTE AD ESEMPIO 
CON FILO A PIOMBO

2026: 
MISURE CON LASER 
QUALCUNO CONTROLLA 
SE IL DATO E’ ACCURATO ?MA…..

Rilievo automatico



Contraddizione SUL concetto di SUPERVISIONE

A La diffusione dei 
devices (Ecografi) 
può limitare la 
mentorship >>>> 
RIDUZIONE 
QUALITA’ E RISCHI 
POTENZIALI

B: L’AI , CON 
ACQUISIZIONI  
GUIDATE E 
FEEDBACK DI 
ESPERTI CIRCA LA 
QUALITA’ DEGLI 
ESAMI PUO’ EVITARE 
TALI RISCHI

In … positivo però…



Stanley KubricK 
“I remember [Spielberg] described 
the movie as mostly being about 
your responsibility to intelligence,”

Technology plays a crucial role, raising the 
question of how technology influences mankind. 

Is man really in control of his tools, or is he 
rather enslaved by his machines and their 

growing complexities?

1968


