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IMAGING CARDIOVASCOLARE

2D O 3D ?
MRI

TAC



- Volumetric 3D (Free-hand technique)  correlated with 

Volumetric MRI in pts with normal or dilated LV.

- Agreement is poor between Biplane and volumetric

methods (regardless of imaging modalities).



REPRODUCIBILITY OF ECHO and MRI 

Left ventricular VOLUMES

VolMRI BipMRI 3DEcho  BipEcho

Interobserver EDV     3,5%      9,4%        4%         17,5%

Interobserver ESV      4,8%     12,9%       5,6%      24,3%

Intraobserver EDV     2,6%       8,1%       3,2%      17,3%

Intraobserver ESV      3,5%      10,5%      4,2%      22,4%

Interobserver EF         3,6%       13,4%     8,3%      17,8%

Intraobserver EF         5,1%        13%       6,9%      13,4%

Chuang et al JACC 2000



2D 

▪ Foreshortening → volumes underestimation

▪ Reproducibility → reader dependent

▪ Time consuming → multiple measurements 

3D 

▪ Accurate

▪ Reproducible

▪ Time saving???



2012

Currently, 3D TTE and TEE assessment of LV 

volumes and EF is recommended over the use of 

2D echo, as it has been clearly demonstrated to 

provide more accurate and reproducible 

measurements



Circulation

CV Imaging 2013

JASE 2010
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Kawut et al. Circulation 2011 

Normative equations for RV parameters (N=507) Maffessanti, Muraru et al. Circ Imag. 2013 

MRI

3D echo



Ottima correlazione  ECO 3D 

vs CMR (specie EF) 

con lieve sottostima 

VOLUMI VS e

VOLUMI VD



Low

reproducibility

LV diastolic

volume

Underestimation

- 33 ml

- Contrast

Agent  

- -18 ml

Higher

reproducibility

Than 2D and 

lower

underestimation

of LV volumes

Vs 

CMR

Gold standard

Low inter-

observer and 

intra-observer

variability



MAINLY INTRAOPERATIVE/Monitoring interventional procedures

MAINLY ROUTINE TRANSTHORACIC

REAL TIME

TT 3D

REAL TIME

TEE 3D

Sonde

Switch

2D/3D

3,000 elements and breakthrough PureWave xMATRIX

technology, the X5-1 supports virtually any cardiac

ultrasound exam, including 3D, 2D, color flow, M-

mode, PW/CW Doppler, Tissue Doppler imaging, and 

contrast-enhanced exams.



Protocollo specifico per 3D

3D TT Indicazioni

Protocollo standard

Color/Doppler sempre

Protocollo standard

ECO 2D sempre

FLOW-CHART  PROTOCOLLO TEE o TTE 
ECO 3D mai alternativo al 2D ma complementare

MV, RV, LV, Ao etc

Continuo

Switch

Delle 

immagini

In 2D

3D real

time

Full 

Volume

Sonde 

2D-3D

Sonde 

3D 

dedicate

Utilizzo 

sonda 3D

dedicata 

dopo 

esame 2D 

completo



Fully Automated Cardiac 

Chamber Quantification



PROTOCOL 1:

3DE MANUAL REFERENCE STANDARD. 

104 consecutive patients

PROTOCOL 2: CMR REFERENCE STANDARD.



The concept of Machine-learning

• The prototype 3DE software involves an automated analysis 

that simultaneously detects LV and LA endocardial 

surfaces by using an adaptive analytics algorithm.

• The program identifies LV end-diastole using the 

electrocardiogram and determines global cardiac shape

orientation.

• Preliminary end-systolic and end-diastolic LV and LA 

models are then built by using automatic endocardial 

surface detection in conjunction with information from a 3DE 

database, which consists of LA and LV end-diastolic and 

endsystolic shapes from approximately 1,000 3D TTE 

datasets of varying image quality in patients with a wide 

range of function and morphologies



• The program matches features from the LV volume being 

analyzed to selected shapes in the database. This selected 

model is then locally adapted to the patient’s LV

volume by using a series of adaptations



The average 3DE volume rate was 16+ 6 Hz (median 

15; interquartile range: 11 to 21). Twelve (8%) datasets 

had a volume rate <10 Hz.

Ottima 

correlazione 

3D 

automatico 

vs 

3D manuale



144 sec

26 sec
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« Static» Heart Model  
New automated software to obtain LV volumes from real time 3DE acquisitions using a model based adaptive

analytic algorithm.

Robust 3D quantification of cardiac chambers 

for everyday clinical practice.



Optimization of the user-adjustable slider 
position improved the correlation and 
markedly reduced the bias between the 
MBA and 3DFV or CMR.

The MBA is highly feasible, 

reproducible, and rapid, and it 

correlates highly with the traditional

3DFV method.



The study included 

194 patients. 

LV volumes and 

ejection fraction were 

obtained with 

automatic HM and 

compared to 2DE 

biplane method 

(2DBP), 3DE tracings 

modality (3DFV) and 

cardiac magnetic 

resonance (CMR) 

measurements (90 

pts). 

Versus
2D 3D CMR



HM acquisition and reconstruction time . 

processing time of 29±10 sec. 
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HeartModel

Manual global Editing:

• A slider may be freely moved from the default position to arbitrarily optimize

LV border identification and different slider positions can be preset to user’s

preference.

Slider

a) HM Standard

50 - 50 

b) HM optimized

Group

1

Group

2

Group

3

Three-fold cross validation

3-fold cross validation

Vs ECHO o RMN ?
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Scienza

SIEC 

2015

Credibilità 

?



Nostra esperienza CCFM

(by changing the slider position from default location (50) to the theoretical ideal  

level identified with  three-fold cross-validation test in order to improve the 

correlation between HM and  3DFV measurements: 39  for end diastolic 

frame and  22 for end systolic frame (bottom panels) . 

HM 

Standard

50 50

HM 

Optimized

39 e 22

Bland Altman analysis of conventional 3D full volume (3DFV)

measurements vs HM (top panels) and HM measurement optimized (HM opt) 



Bland Altman analysis of  HM (top panels) and HM measurement optimized 

(HM opt) vs CMRI 

(by changing the slider position from default location (50) to the theoretical ideal  

level identified with  three-fold cross-validation test in order to improve the 

correlation between HM and  3DFV measurements: 75 for end diastolic 

frame and  57 for end systolic frame (bottom panels) . 

HM 

50 50

HM 

optimized

75 and 57



One reason for this consistent 
underestimation is the poor differentiation 
between the compacted myocardium and 
trabeculae on TTE, 
especially during systole, that results in less 
precise endocardial border identification 
compared with CMR

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)  



The automated ML algorithm can quickly measure 
dynamic LV and LA volumes and accurately 
analyse ejection/filling parameters.
Incorporation of this algorithm into the clinical 
workflow may increase the utilization of 3DE 
imaging.

From static to « Dynamic» Heart Model» 

2018



Clinical implications

• Field of interest (potentially all cardiovascular
pathologies)

• Rapid assessment of LV and LA volumes

• and function

•

• Cardiomyopathies

• LV dysfunction

• Valve diseases



ONE Tranthoracic PROBE:  Comprehensive 2D 3D morphologic

and functional assessment of MV anatomy and LV and LA 

function
3D : not only MV morphology, but also LV and LA volumes and function

4 chamber view: acquisition

Automated reconstruction

(based on an artificial

memory) 

3D TTE

Timing of MV repair is based on symptoms, 

severity of MR, PAPs, morphology of MV and 

LV and LA dimensions and function



Case report : MV prolapse

Comprehensive 2D 3D morphologic and functional

assessment of MV anatomy and LV and LA function

57 year man

Asymptomatic

P2 flail

Severe MR



Easy 3D morphologic

reconstruction of the 

MV from the LA:

Surgical view



3D Transthoracic photorealistic 

rendering with virtual light 

source 

P2 flail
Ao

Tric

P2 flail

P2 flail with 

partial eversion

towards P1



From the 4 chamber view we launch

Dynamic Heart Model Acquisition



Dynamic HM acquisition and reconstruction time . 

Processing time of 35  sec. (after 4 chamber acquisition)

LV volumes and curves; 

LA volume and curves

LV mass 



LV volumes:

178 ml 

64 ml

Stroke Vol. 114 

ml

LVEF 63%

LA volume 96 ml

LV mass: 178 gr 



LA volumes and 

curve
Maximum and minimum volumes 

(Vmax, Vmin) and filing fraction, 

volume at 50% FT, volumes at 25%, 

50%, and 75% emptying time, 

volume at diastasis, passive 

emptying volume (PEV), and active 

emptying volume (AEV)

LV VOLUMES AND CURVE : 

(EDV, ESV) and (EF), volume at

50% ejection time (ET), volumes

at 25%, 50%, and 75% filling time 

(FT), volume at diastasis, rapid 

filling volume (RFV), and atrial filling 

volume (AFV)



Feasibility And Accuracy Of Automated Software For

Transthoracic 3D Left Ventricular And Atrial Volumes

And Function Analysis In Degenerative MV Regurgitation

Automatic 

volumes 

were 

feasible in 

111 patients 

(93%), with 

a mean 

processing 

time of 29 + 

10 sec. 



Good correlations

between MBA 

LV volumes and 

3D standard echo

or CMR further

improved by 

optimization of 

sliders.



Excellent correlation between MBA and CMR/3D 

standard ECHO for Left atrial volumes
LAV
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It has been demonstrated that LA volumes have a very

important role in diagnosis and prognosis of several

pathologies.

We have to move from 2D to 3D assessment



Marsan Am Heart 2011

3D Transthoracic

ECHO ideal method

for pre-operative an 

follow-up of LEFT 

ATRIAL VOLUME



3D LA AI-based Analysis: Auto-strain

Differences in LA curves

(reservoir and atrial

contraction)

Normal Subject
HOCM



In pts with MV prolapse an severe MR
Model of volume overload

MBA-derived LV volumes and EF correlated 

significantly with all evaluated methods, with slight 

overestimation of two-dimensional biplane and 

slight underestimation of CMR volumes 

measurements. 

Optimization of slider position improved the 

correlations and markedly reduced the bias between 

the MBA and 3DFV or CMR. 

The accuracy of LA volumes by MBA was 

optimal. 



L. Manfredonia, L. Fusini, V. Mantegazza, V. Volpato, M. Muratori, G. 

Tamborini, M. Pepi   (Abstract accepted EuroeCHO 2019)

91 consecutive unselected patients (80% in 

sinus rhythm, 20% in atrial fibrillation)

DHM was feasible in 79/91 cases (87%). 

Physiological curves of LA and LV were 

plausible

Feasibility and accuracy of the new automated

software Dynamic Heart Model in an unselected

population.



New data on Dynamic Heart Model

Patients Age Acquisition Feasibility High 

Quality

121 73 + 14 30 + 30 85% 68%

403 unselected pts



3D LV AI-based Analysis: Dynamic Heart Model 

Aortic Stenosis



3D LV AI-based Analysis: Auto-strain

Image Recognition

Cardiac Cycle Detection

Revision and Editing



Apical aneurysm



Aortic stenosis and Amylodosis



Miocarditis



3D Echocardiography 

analysis of LV mass using 

novel ML-based algorithm

is feasible, fast, and accurate 

and may thus facilitate the 

incorporation of 3DE

measurements of LV mass 

into clinical practice.



HOCM LV mass 217 gr



Improvement Spatial Resolution with the new 

probes and Dynamic HM 

Surgical MV repair



Surgical MV repair



Surgical MV repair



Surgical MV repair



A bioengeneering dream…. 

Courtesy of Francesco Maffessanti; 2008



Fully Automated Cardiac Chamber

Quantification ??

Courtesy prof. Lang  2017

2017: Che cosa ci riserva il futuro ?



2019 !!!:   Case report . 25 Minutes
Young Athlete : LVEF 60%; RVEF 55%; GS: -23; 

Normal LA (plus all standard measurements)

There is nothing like a 

dream to create the  

future.  

Victor Hugo


