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“Free-hand” technique: Transmitter; Sensor/Receiver

Integrated circuit board
combined with a position sensor

. attached to a commercial

| ultrasound transducer.

. The positioning sensor device

registers translation and rotation

- of the transducer thus

determining its position and

orientation.

Post-processing: transform acquired
data to cartesian coordinate system.
Interpolation of undersampled regions




Initial experience with a new on-line
transthoracic three-dimensional technique:
assessment of feasibility and of

diagnostic potential

Mauro Pepi, Gloria Tamborini, GianLuca Pontone, Daniele Andreini, Giovanni Berna,
Stefano De Vita, Anna Maltagliati

Centro Cardiologico Monzino, IRCCS, Milan, Italy (Ital Hearl J 2003’ 4 (8)
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2002: Live 3D TTE
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FLOW-CHART del PROTOCOLLO TTE
ECO 3D mai alternativo al 2D ma complementare
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MAINLY INTRAOPERATIVE/Monitoring interventional procedures
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3,000 elements and breakthrough PureWave xMATRIX SOnde
technology, the X5-1 supports virtually any cardiac _
ultrasound exam, including 3D, 2D, color flow, M- Switch
mode, PW/CW Doppler, Tissue Doppler imaging, and
contrast-enhanced exams. 2D/ 3D \




FLOW-CHART del PROTOCOLLO TEE
ECO 3D mai alternativo al 2D ma complementare
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CAMPI APPLICATIVI DELL ECO
3D Transtoracico

PATOLOGIE CONGENITE

MASSE CARDIACHE
VALVULOPATIE: prolasso mitralico
FUNZIONE VENTRICOLARE SINISTRA
FUNZIONE VENTRICOLARE DESTRA
MONITORAGGI PROCEDURALI



Severe MR in MV prolapse

2D and Color-Doppler

? ~Indication and timing
N | == Of MV surgery

LV diameters, volumes and EF
Left atrial dimensions

Severity of MR
Pulmonary Systolic Pressure




Management of
Asymptomatic
Severe Chronic
Organic Mitral
Regurgitation

Severe asymptomatic organic MR

* valve repair can be

|

LVEF > 60% and
LVESD < 45 mm

Yes No

|

Atrial fibrillation or
sPAP > 50 mmHg at rest

considered when
there is a high
likelihood of durable
valve repair at a low
risk

Ruolo
3D

h 4

( Follow-up* )

.

Surgery
(repair whenever
possible)

VHD Guidelines Slide-Set @ 2007 EuropeanisoEey),
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3D echocardiography may be superior to 2DE techniques and
even direct inspection during surgery for diagnosing the location
and extent of complex mitral valve disease, especially
when commissural pathology or clefts are present.



“STATE OF THE ART” REVIEW ARTICLES

A Framework for Systematic Characterization of the
Mitral Valve by Real-Time Three-Dimensional

Transesophageal Echocardiography

Ernesto E. Salcedo, MDD, Robert A. Quaite, MDD, Tamas Seres, MDD, and John D. Carroll, MDD, Denver, Corado

Table 1 Publications on 3D TEE of the MV

Reference Population Echocardiographic modalities Assessment Findings
Pepiet al'® 112 patients with MVP and 2D and 3D TTE, 2D TEE, MV repair surgery 3D TEE superior on
severa MR 3D TEE (reconstruction) description of pathology;
95% accuracy
Valocik et al'® 45 patients with MS 2D TTE, 2D TEE, 3D TEE Quantitative 3D Funnel-like geometry may
{reconstruction) achocardiography of MS pradict MS saverity
Garcia-Orta et aP® 81 patients with severe MR 2D TEE, 3D TEE MV repair surgery 3D better in A1 defects and
{reconstruction) commissures
Sugeng et al'# 211 patientsreferrad for TEE 2D TEE, 3D MTEE Image quality of native valves  85%-91Y% visualization of all
MV scallops
Sugeng et al'? 40 prosthesis, 47 MV surgery 3D MTEE Image quality, Surgical Best for MVR; 96% surgical
findings agreament
Grewal et af’ 42 patients with MV repair 2D TEE, 3D TEE Surgical inspaction 3D TEE superior for P1, A2,

A3, and bileaflet disease

MR, Mitral regurgitation; MS, mitral stenosis; MTEE, matrix-aray TEE, MV, mitral vaive; MVP, mitral valve prolapse; MVR, mitral valve prosthesis.

Journal of the American Society of Echocardiography
Octaber 2009
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Transthoracic 3D

Transesophageal 3D



Pre-operative evaluation
of MV prolapse and the role
of 3D Trasthoracic Echocardiography

Has real time 3D transthoracic echo a
role in facilitating the clinical decision
making process in asymptomatic patients
with MV prolapse and severe MR ?
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34dB

emp. PAZ.: 37.0C

The anterior leaflet and its 3segments (A1, A2, and A3) are pos-
emp. TEE: 38.7C

terior (P) to the left coronary cusp (LCC) and noncoronary cusp
(NCC) of the aortic valve and adjacent to the aortomitral fibrosa
(AMF) and the left fibrous trigone (LFT) and right fibrous trigone
(RFT). The anterolateral commissure (ALC) is next to the left
atrial appendage (LAA) and the A1 P1 scallops. The posterome-
dial commissure (PMC) is next to the A3 and P3 scallops. RCC,
Right coronary cusp.

Figure 5 Diagram of the mitral valve as seen from the left atrium. E

Better evaluation of morphologic
abnormalities and understanding of
complex spatial orientation

Journal of the American Society of Echocardiography
Octaber 2009

Better quantitative evaluation (area and
volume) (obviates any geometrical
assumptions)

IMPORTANZA
DIAGNOSI
MORFOLOGICA Facilitates Training and Communication

3D between experts, non-experts and
different specialists.
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Journal of the American College of Cardiology Vel 48, No. 12, 2006
@ 2006 by the American College of Cardiology Foundation ISSN 0735-1097/06/$32.00
Published by Elsevier Inc. dei:10.1016/)jace.2006.02.079

Head-to-Head Comparison of

Two- and Three-Dimensional Transthoracic
and Transesophageal Echocardiography

in the Localization of Mitral Valve Prolapse

Mauro Pepi, MD, Gloria Tamborini, MD, Anna Maltagliati, MD, Claudia Agnese Galli, MD,
Erminio Sisillo, MD, Luca Salvi, MD, Moreno Naliato, MD, Massimo Porqueddu, MD,
Alessandro Parolari, MD, Marco Zanobini, MD, Francesco Alamanni, MD

Milan, Italy
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.3DTTE and 2DTEE had
similar accuracies (90 %
and 87%, respectively),
while the accuracy of 2DTT
(77.2 %) was significantly

ACCURACY (%)

since real time
transthoracic 3D echo
has an accuracy similar
to that of 2D TEE new
technique (which is also
simple and rapid) may
be integrated in the
standard 2D
examination and should
be regarded as an
Important examination
In decision regarding
MV repair

Pepi et al JACC 2006
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Management of
Asymptomatic
Severe Chronic
Organic Mitral
Regurgitation

Severe asymptomatic organic MR

* valve repair can be

|

LVEF > 60% and
LVESD < 45 mm

Yes No

|

Atrial fibrillation or
sPAP > 50 mmHg at rest

considered when
there is a high
likelihood of durable
valve repair at a low
risk

Ruolo
3D

h 4

( Follow-up* )

.

Surgery
(repair whenever
possible)

VHD Guidelines Slide-Set @ 2007 EuropeanisoEey),

of Czreivfogy



Early Surgery in Patients With Mitral Regurgitation Due to Flail
Leaflets

A Long-term Outcome Study
Lieng H. Ling, MB, BS, MRCP; Maurice Enriquez-Sarano, MD;
James B. Seward, MD; Thomas A. Orszulak, MD:; Hartzell V.
Schaff, MD; Kent R. Bailey, PhD; A. Jamil Tajik, MD; ; Robert L.
Frye, MD
Mayo Clinic and Mayo Foundation, Rochester, Minn.

8

; e
Pts with flail MV
g == Early surgery vs
e __ Conservative
§ emfeer™ " management improved
Gons” M= ta s 101 1% 10 e % & w2 2 18 long-term survival

Circulation 1997



VYalvular Heart Disease

Outcome of Watchful Waiting in Asymptomatic Severe
Mitral Regurgitation

Raphae | Rosenhek, MD; Flocon Rader, MDD Upada Kbar, MD; Hairnld Gabael MD; Marcel Kreje, PhD:
Daniel Kalback, Phl): Michoel Schernper, PhD: Gerald Mawer, MD; Helmut Baumgarmer, MD

i 3 )

o pme Asymptomatic pts with
» 1 severe degenerative MR
s b
fwen] can be safely followed-up
: »d until their symptoms occur
* 40
2 - Al or currently recommended
17| Expected survival cutoff values for LV size, LV
3 g function or pulmonary
e 1 2 % 4 % &4 7T »

Years hypertension are reached.

e -
. .
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Circulation 2006



LONG-TERM RESULTS OF VALVE REPAIR
WITH SIMPLE OR COMPLEX TECHNIQUES
IN NONRHEUMATIC MV REGURGITATION

SIMPLE COMPLEX
PROCEDURES PROCEDURES

Hazard risk for residual
LOW | MR after 3 years HIGH

2008-2010: Nostra impostazione scientifica: e
possibile predire tipo intervento con ECO 3D ?



ASSESSMENT OF REGURGITATION
AFTER MITRAL VALVE REPAIR: follow-up

264 pts TT long term study.

Mean freedoms from regurgitation:
At1year: 91.5%

At 5 years: 47.5% (6.2% moderate)

Factors influencing MR: poor LV
function, age, chordal procedures.

Lim et Al J Thoracic Cardiovasc Surg 2002



SURVIVAL ADVANTAGE AND IMPROVED
DURABILITY OF MITRAL REPAIR FOR LEAFLETS
PROLAPSE SUBSETS IN THE CURRENT ERA

« 1441 ISOLATED MV PROLAPSE (MAYO)
« MV REPAIR 1173

« Factors influencing SURVIVAL younger age, better
NYHA, no CAD.

« Adjusted for age : smaller LV eSV, EF
« Reoperation similar repair vs replacement

Reoperation 97 pts — 75 repairs (6%) mean 4.8 years
Factors predicting reoperation:

Younger age — anterior leaflet prolapse — chordal shortening
- No leaflet resection — no anuloplasty — greater than mild
residual regurgitation, CAD.

Surt Ann Thorac Surg 2006



Prevalence of Calcification of the Mitral Valve Annulus in Patients
Undergoing Surgical Repair of Mitral Valve Prolapse
Laura Fusini, MS™*, Sarah Ghulam Ali., MD®. Gloria Tamborini, MD®, Manuela Muratori, MD",

Paola Gripari, MD®, Francesco Maffessanti, PhD®, Fabrizio Celeste, MD", Marco Guglielmo, MD",
Claudia Cefalu, MD?, Francesco Alamanni, MD*", Marco Zanobini, MD®, and Mauro Pepi, MD*

MAC is a common finding in patients undergoing
MV repair, and several clinical characteristics correlate

with MAC either in FED or BD.

Despite very high percentage of repairability, MAC
influences surgical outcomes and very detailed echo

evaluation is advocated.
Am J Cardiol 2014




The presence of MAC Influences surgical outcomes
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Pre-operative transthoracic real-time
three-dimensional echocardiography in patients
undergoing mitral valve repair: accuracy in cases
with simple vs. complex prolapse lesions

Gloria Tamborini*, Manuela Muratori, Anna Maltagliati, Claudia Agnese Galli,
Moreno Naliato, Marco Zanobini, Francesco Alamanni, Luca Salvi, Erminio Sisillo,
Cesare Fiorentini, and Mauro Pepi

Centro Cardiologico Monzino, IRCCS, Department of Cardiovascular Sciences, University of Milan, Via Parea 4, 20138 Milan, Italy

Received 5 February 2010; accepted dfter revision 25 April 2010
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Simple lesions

Complex lesions

63%
Complex

200 Patients with
mitral
valve prolapse
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(3DTTE)

127 (63,5%)
Complex lesions

I 1
71 (97.2%) 2 (2.7%)
Simple surgical Complex surgic
technique technique

I
61 (48%) 60(47.2%)
al Simple surgical Complex surgical
technique technique

Tamborini et al. Eur J Echocard 2010
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@ Sensitivity
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200 Patients with
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Tamborini et al. Eur J Echocard 2010




@ Sensitivity
O Specificity
Accuracy

Simple lesions Complex lesions

200 Patients with
mitral
valve prolapse

73 (36,5%) 127 (63,5%)
Simple lesions Complex lesions
(3DTTE)

Prediction

71 (97.2%) 2 (2.7%) 61 (48%) 60(47.2%)
Simple surgical Complex surgical Simple surgical Complex surgical

technique technique technique technique

Tamborini et al. Fur J Echocard 2010
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Pre-operative transthoracic real-time
three-dimensional echocardiography in patients

undergoing mitral valve repair: accuracy in cases
with simple vs. complex prolapse lesions

Gloria Tamborini*, Manuela Muratori, Anna Maltagliati, Claudia Agnese Galli,
Moreno Naliato, Marco Zanobini, Francesco Alamanni, Luca Salvi, Erminio Sisillo,
Cesare Fiorentini, and Mauro Pepi

Centro Cardiologico Monzino, IRCCS, Department of Cardiovascular Sciences, University of Milan, Via Parea 4, 20138 Milan, Italy

Received 5 February 2010; accepted dfter revision 25 April 2010

Real-time transthoracic 3D : Rapid Diagnosis of simple
and complex lesions .

May facilitate the prediction of the complexity of surgical
procedures.

May further facilitate the clinical decision and

the correct timing (early surgery vs delayed procedures) .




Management of.

Severe asymptomatic organic MR * valve repair can be

Asymptomatic
severe Chronic
Drganic Mitral

|

considered when

there is a high
likelihood of durable

Regurgitation

LVEF > 609% and
LVESD < 45 mm

valve repair at a low
risk

Yes No

:

Atrial fibrillation or
SPAP > 50 mmHg at rest

\ 4

Morphology

( Follow-up* )

h 4

Surgery
(repair whenever
possible)
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Nishimura, RA et al.
2014 AHA/ACC Valvular Heart Disease Guideline

AHA/ACC

AMitral Regurgitation
Primary MR
Severe MR Progressive MR
Vena contractn =0.7 cm (stage B)
RVol 260 mL Vena contracts ~0.7 cm Consider CRT
RF =507 RVl <60 mL
ERO =04 cm’ RF <50%
LV dilstson ERO <04 cm®
i I
Symptomatc Asymptomatic | |Progressn
Sy mpocauats: Asymptocatic severs MR severe MR MR
{stage D) (stage C) (stage D) (stage C) (stage B)
g - ] l
LVEF 30% w =60 | | LVEF ~60% and|| New omse1 AF or
LVEF =30 of LVESD 240 mm LVESD <40 mm | |PASP =50 men Perssstent NYHA
(stage C2) class -V
SATTS
YES
3 W
W&)’r Periodic Monitari Periodic Manitars

*Mitral valve repair 15 preferred over MVR when possible.




Table 17. Summary of Recommendations for Chronic Primary MR

Recommendations COR LOE References

MV surgery 15 recommended for symptomatic patients with chronic severe B (365. 376)
primary MR (stage D) and LVEF =30% .
MV surgery 1z recommended for asymptomatc patients with chronic severe (359-362
primary MR and LV dysfunction (LVEF 30%-60% and/or LVESD =40 mm, B 39'., 39 4')'
stage C2) ~
MV repair 15 recommended m preference to MVR when surgzical treatment 15 -
. . . . . (87,364, 395-
mdicated for patients with chronic severe primary MR limited to the B 409)
MV repair 15 recommended 1n preference to MVR when surgical treatment 15
mdicated for patients with chronic severe pnmary MR involving the antenior B (86. 407-413)
leaflet or both leaflets when a successful and durable repaw can be ’ }
accomplished
Concomitant MV repair or replacement 15 indicated in patients with chrome B

. . .. (414)
severe pnnmary MR undergoing cardiac surgery for other ndications
MV repair 15 reasonable 1n asymptomatic patients with chronic severe X
primary MR (stage C1) with preserved LV function (LVEF >=60% and (39. 86. 415-
LVESD =40 mym) 1n whom the hkehhood of a successful and durable repawr IIa B ] .41§) -
without residual MR 15 =95% wath an expected mortality rate of <1% when
performed at a Heart Valve Center of Excellence
MV repair 15 reasonable for asymptomatic patients with chronic severe | IIa B (363,415,

X MV repair is reasonable in asymptomatic patients with chronic

severe primary MR (stage C1) with preserved LV function (LVEF

>60% and LVESD <40 mm) in whom the likelihood of a

successful and durable repair without residual MR is >95% with

an expected mortality rate of <1% w (Center of Excellence)
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Patients selection for MitraClip: Time to move to transthoracic @,_MM
echocardiographic screening?

Paola Gripari*, Francesco Maffessanti **, Gloria Tamborini %, Manuela Muratori ¢, Laura Fusini *,
Sarah Ghulam Ali?, Cristina Ferrari?, Francesco Alamanni*", Antonio L. Bartorelli **,
Cesare Fiorentini*”, Mauro Pepi *

1no, IRCCS Mia Italy
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Advances in TTE and 3D echo may further improve our uderstanding of
this new procedure
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Three-dimensional TTE and TEE assessments of mitral
valve pathology should be incorporated into routine clinical
practice as they provide the best physiologic and morphologic
information regarding the mitral valve. 3D TEE is recommended
for guidance of interventional mitral valve procedures.




