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The Echocardiography timeline

Edler & Hertz Late 1980’s: Matrix array
recorded first Use of

rnoyements of clinical TEE Increasing
cardiac structures frame rate
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Pericardial fluid
detected
(Feigenbaum)




trix array TEE Probe: 2007

Sugeng L, Shernan SK, Salgo IS, Weinert L, Shook D, Raman J,
Jeevanandam V, DuPont F, Settlemier S, Savord B, Fox J, Mor-Avi V,
Lang RM. J Am Coll Cardiol 2008 August 5;52(6):446-449.
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3D = OR

3D images correlate directly with intra-op findings!




Case 1: Degenerative Mitral Valve Disease
and Severe Mitral Regurgitation
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Case 1: Degenerative Mitral Valve Disease
and Severe Mitral Regurgitation




Case 2: Elevated gradient across a
bioprosthetic mitral valve of 12 mmHg




53 yo man with a Type B dissection of the descending thoracic aorta
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3D Rendering




Adult Echo
X5-1 3D Beats 4Q

38Hz
14cm

Full Volume
2D/3D

%83/17

C 46/41

HGen

XRES ON

Delay Oms

TIS0O4 MIO7

95 bpm

CR14:1

Adult Card TISOB8 MI1.0
X5-1c 3D Beats 4Q

38Hz
14cm

Full Volume
2D/3D

% 73/50

C 46750

HGen

XRES 2

B

@1 Delay Oms 95 bpm




MULTI-SLICE

Adult Echo TISO2 MIC JPEG CR 8
X5-1 3D Beats 4Q Adult Card TIS0OB MI11
32Hz X5-1c 3D Beats 4Q
17cm 32Hz

18g 3 17cm
Eull Volume . &R

2D/3D
2147

Eull Volume
! ‘—ﬂ

3k




Ventricular Atrial
petrspective petrspective

Yamat M, Addetia K, Lang RM ASE 2013 Clinical case competition finalist



Tricuspid valve malcoaptation




How many leaflets does the tricuspid
valve have?
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How many leaflets does the tricuspid
valve have?




Transthoracic Echocardiography

Transesophageal Echocardiography




Displaying the 3D Mitral Valve

Different faces of degenerative mitral valve disease
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RV-focused

3D dataset

RV-focused

1

1012
1
2DE (85.3%)

score

70 (5.7%) 19(1.6%) 1101

2 55(4.46%) 17 (1.6%) 5 (0.4%) 77

3 4(0.33%) 1(0.08%) 5(0.4%) 10

Total 1071 88 29

Bland-Altman Analysis Linear Regression

. . Relative
Standard 2DE  3DE-derived 2D p Bias LOA . r p
Bias (%)
LV IDd (cm) 52 t 14 53 %12 0.03 | 0.16 -0.67 to 0.99 3.0 0.96 <0.001

LV IDs (cm) 43 + 17 4.4
LVISD (cm) 11+ 02 11
LVPW (cm) 11+ 0.2 11

I+

1.6 0.07 | 018 -0.97 to 1.28 4.0 0.94 <0.001
0.3 0.67 | 0.01 -0.17 to 0.48 1.0 0.79 <0.001
0.1 0.09 |-0.06 -0.26 to 0.58 5.7 0.46 0.004

I+
I+

I+
I+

LV EDV (ml) 148 + 105 155 + 95 020 | 7.5 -68 to 68 48 0.95 <0.001
LV ESV (ml) 103 + 100 102 + 95 068 | -17 -48 to 49 -1.6 0.97 <0.001
LV EF (%) 40 £ 19 42 + 18 003 | 1.8 9.3 to 9.7 43 0.97 <0.001
LAV (ml) 9% £ 33 9 + 32 098 | -14 -42.2 to 425 -1.5 0.79 <0.001

RV BDd (cm) 40 + 0.8 4.3

I+

0.8 0.0007 | 0.25 -0.67 to 0.99 5.9 0.88 <0.001







3D Color Doppler




Surprise Mechanism of MR on 3D

An 85-year-old man with DOE and new
heart failure was diagnhosed with mitral
regurgitation on TTE. He is now in the echo
lab for TEE and mitral clip evaluation




Displaying the 3D Mitral Valve




Displaying the 3D Mitral Valve




38 year-old female recently post partum with a history of repaired “hole in the heart”

presents to the Echo lab for assessment of severe mitral regurgitation noted on TTE

103/81
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First Clinical Experience With
3-Dimensional Echocardiographic
Transillumination Rendering

Davide Genovese, MD,"” Karima Addetia, MD," Kalie Kebed, MD," Eric Kruse, RDCS,” Megan Yamat, RDCS,
Akhil Narang, MD,” Amit R. Patel, MD,* Luigi P. Badano, MD, PuD,” Denisa Muraru, MD, PuD,
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3D narrow-angle acquisition with use of
transillumination and tissue transparency techniques












3D Surface

Rendering




Surface Rendering: The Left Ventricle

Mor-Avi V, Lang RM et al., Circulation 2004



Surface Rendering: The Right Ventricle

Volumetric analysis

Addetia K et. al. Oh Manual
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Need for a Global Definition of Normative Echo Values-Rationale and Design of the World Alliance of Societies of Echocardiography
Normal Values Study (WASE). Am Soc Echocardiogr 2019 Jan;32(1):157-162.e2.




ESTABLISHING NORMAL ECHOCARDI
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NORMAL VALUES FOR MEASUREMENTS OF THE RIGHT ATRIUM
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Pre-Operative 6 Months 12 Months

Maffessanti F, Caiani EG, Tamborini G, Muratori M, Sugeng L, Weinert L, Alamanni F, Zanobini M,
Mor-Avi V, Lang RM, Pepi M. Am J Cardiol 2010 September 15;106(6):836-842.




Can we depict RV shape using 3D
Echocardiography

Curvature <0 Curvature > (0
<] Curvature =0 >

Concavity Convexity

Curvature: the amount by
which a surface deviates
from being tlat

Addetia K, Maffessanti F. ...Singh A, Mor-Avi V, Lang RM European Heart Journal Cardiovascular Imaging 2016



Can we depict RV shape using 3D
Echocardiography

4-chamber  Coronal Sagittal

Normal
subject

Pulmonary
arterial *
hypertension




Free wall surface

Septal surface

RV shape: normal and Pulmonary arterial
hypertension
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Addetia K et. al. EHJ Cardiovascular Imaging 2016



Workflow

P T ST ST S T T O T S O T m———m— \
| 1. Image acquisition, reconstruction of 3D RV models \| I Ill. Calculation of 3D RV metrics |
| | - LEF I

| p
= 0 o
I ( Decopositipn AEF I
I I
| 3DRVLS |
| = |
I N 3DRVCS |
| Strain analysis I
A - L N i /

15-Segment 3D Model of the Right Ventricle S
I I 3D global volumes and strains

I I Motion decomposition

™
]
S 2
| 3
1. Outflow Tract 9. FW Mid Lateral I 3
2. Inflow Tract 10. FW Mid Posterior §
3. FW Basal Anterior 11. Sept. Mid Posterior 1
4.FW Basal Lateral 12, Sept. Mid Anterior I I -
5. FW Basal Posterior  13. FW Apical Anterior
6. Sept. Basal Posterior 14. FW Apical Posterior
7. Sept. Basal Anterior 15. Apex I I 5 —>
8. FW Mid Anterior Radial (REF) Anteroposterior (AEF)

Radial (REF)
B i
[ | | ] | ] |

LEF — Longitudinal Ejection Fraction, REF — Radial Ejection Fraction, AEF — Antero-posterior Ejection Fraction
LS — Longitudinal Strain, CS — Circumferential Strain
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The Problem
with 3D
Imaging




What is the Future of 3D Echocardiography?
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Virtual reality?



What is the Future of Echocardiography?
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Augmented reality?
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