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Overview

Selection & Consideration

Anti-coagulation and Thromboembolic Complications

Prosthetic Valve Dysfunction and Assessment

Summary of key points.

2017 AHA/ACC Guideline for the
Management of Patients With

Valvular Heart Disease
(2014 Guideline with 2017 Focused
Update Incorporated)

Developed in Collaboration with the American Association for Thoracic Surgery,
American Society of Echocardiography, Society for Cardiovascular Angiography
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Society of Thoracic Surgeons
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2017 ESC/EACTS Guidelines for the
EACTS management of valvular heart disease ©5§e§mw

of Cardiology

The Task Force for the Management of Valvular Heart Disease of the European Society of
Cardiology (ESC) & the European Association for Cardio-Thoracic Surgery (EACTS)

ESC Chairperson: Helmut Baumgartner (Germany).
EACTS Chairperson: Volkmar Falk! (Germany).

Authors/Task Force Members: Jeroen J. Bax (The Netherlands), Michele De Bonis! (Italy),
Christian Hamm (Germany), Per Johan Holm (Sweden), Bernard lung (France),

Patrizio Lancellotti (Belgium), Emmanuel Lansac! (France), Daniel Rodriguez Mufioz (Spain),
Raphael Rosenhek (Austria), Johan Sjogren! (Sweden), Pilar Tornos Mas (Spain),

Alec Vahanian (France), Thomas Walther! (Germany), Olaf Wendler! (UK), Stephan Windecker
(Switzerland), Jose Luis Zamorano (Spain).

LRepresenting the European Association for Cardio-Thoracic Surgery (EACTS)

www.escardio.orgfguidelines 2017 ESC/EACTS Guidalinas for the Managamant of Valvular Haart Dizeasa 2
{Eurgpean Heartlournal 2017 - doii1G.1093feurheartjfehadnl)

GUIDELINES AND STANDARDS

Recommendations for Evaluation of Prosthetic Valves
With Echocardiography and Doppler Ultrasound

A Report From the American Society of Echocardiography’s Guidelines and Standards
Committee and the Task Force on Prosthetic Valves, Developed in Conjunction With the
American College of Cardiology Cardiovascular Imaging Committee, Cardiac Imaging
Committee of the American Heart Association, the European Association of
Echocardiography, a registered branch of the European Society of Cardiology, the
Japanese Society of Echocardiography and the Canadian Society of Echocardiography,
Endorsed by the American College of Cardiology Foundation, American Heart Association,
European Association of Echocardiography, a registered branch of the European Society of
Cardiology, the Japanese Society of Echocardiography, and Canadian Society of
Echocardiography

William A. Zoghbi, MD, FASE, Chair, John B. Chambers, MD_* Jean G. Dumesnil, MD,T Elyse Foster, MD,t
John 8. Gottdiener, MD, FASE, Paul A. Grayburn, MD, Bijoy K. Khandheria, MBBS, FASE,
Robert A. Levine, MD, Gerald Ross Marx, MD, FASE, Fletcher A. Miller, Jr., MD, FASE, Satoshi Nakatani, MD,
PhD,¥ Miguel A. Quifiones, MD, Harry Rakowski, MD, FASE, L. Leonardo Rodriguez, MD,
Madhav Swaminathan, MD, FASE, Alan D. Waggoner, MHS, RDCS, Neil J. Weissman, MD, FASE, |
and Miguel Zabalgoitia, MD, Houston and Dallas, Texas; London, United Kingdom; Quebec City, Quebec, Canada;
San Francisco, Californin; Baltimore, Mawland; Scottsdale, Arizona; Boston, Massachiserts; Rochester, Minnesota;
Suita, Japan; Toronto, Ontario, Canada; Cleveland, Ohio; Durbam, Novth Cavolina; St Louis, Misourt;
Washinaton, DC; Springfield, Illinois

Zoghbi et al. J Am Soc Echocardiogr, 22:975-1014, 2009
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European Heart Journal - Cardiovascular Imaging Advance Access published May 3, 2016

@ European Heart Journal — Cardiovascular Imaging REVIEW
zzzzz EAN doi:10.1093/ehjci/jew025 14975
SOCIETY OF

Recommendations for the imaging assessment
of prosthetic heart valves: a report from

the European Association of Cardiovascular
Imaging endorsed by the Chinese Society

of Echocardiography, the Inter-American
Society of Echocardiography, and the Brazilian
Department of Cardiovascular Imaging’

Patrizio Lancellotti»?*, Philippe Pibarot34, John Chambers>, Thor Edvardsen®,
Victoria Delgado’, Raluca Dulgheru?, Mauro Pepi?, Bernard Cosyns?, Mark R. Dweck'°,
Madalina Garbi'l, Julien Magne'%13, Koen Nieman'415, Raphael Rosenhek'¢,

Anne Bernard'?'8, Jorge Lowenstein!?, Marcelo Luiz Campos Vieira2%21,

Arnaldo Rabischoffsky?2, Rodrigo Herniandez Vyhmeister?3, Xiao Zhou?4,

Yun Zhang?®, Jose-Luis Zamorano?é, and Gilbert Habib?"-28

GUIDELINES AND STANDARDS

Guidelines for the Evaluation of Valvular Regurgitation

After Percutaneous Valve Repair or Replacement
A Report from the American Society of Echocardiography Developed in
Collaboration with the Society for Cardiovascular Angiography and
Interventions, Japanese Society of Echocardiography, and Society for
Cardiovascular Magnetic Resonance

William A. Zoghbi, MD, FASE, (Chair), Federico M. Asch, MD, FASE, Charles Bruce, MBChB, FASE,
Linda D. Gillam, MD, MPH, FASE, Paul A. Grayburn, MD, FASE, Rebecca T. Hahn, MD, FASE,
Ignacio Inglessis, MD, Ashequl M. Islam, MD, MPH, FSCAI, Stamatios Lerakis, MD, FASE,

Stephen H. Little, MD, FASE, Robert J. Siegel, MD, FASE, Nikolaos Skubas, MD, DSc, FASE,
Timothy C. Slesnick, MD, FASE, William J. Stewart, MD, FASE, Paaladinesh Thavendiranathan, MD, MSc, FASE,
Neil J. Weissman, MD, FASE, Satoshi Yasukochi, MD, JCC, SJSUM, and Karen G. Zimmerman, BS, ACS, RDCS,
RVT, FASE, Houston and Dallas, Texas; Washington, District of Columbia; Rochester, Minnesota; Morristown, New
Jersey; New York, New York; Boston and Springfield, Massachusetts; Los Angeles, California; Cleveland, Ohio;
Atlanta, Georgia; Toronto, Ontario, Canada; Nagano, Japan; Morgantown, West Virginia

hitps://doi.ora/10.1016/i.echo.2019.01.003
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There is No Perfect Valve
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“They have introduced other, new problems into clinical medicine, so that
In effect , the patient is exchanging one disease process for another’

Factors to be Considered while
Selecting a Prosthetic Heart Valve

* Age of the patient
Comorbid conditions (Cardiac and Non-cardiac)
Expected lifespan of the patient
Long term outcome with the prosthetic heart valves
Patient wishes
Skill of the surgeon

* Women of child-bearing age
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l C A bioprosthesis is recommended in patients of any age for whom
anticoagulant therapy is contraindicated, cannot be managed
appropriately, or is not desired.

lla B-NR An aortic or mitral mechanical prosthesis is reasonable for patients
aged <50 years who do not have a contraindication to anticoagulation.

lla  B-NR For patients aged between 50 and 70 years, it is reasonable to
individualize the choice of either a mechanical or bioprosthetic valve
prosthesis on the basis of individual patient factors and preferences,
after full discussion of the trade-offs involved.

lla B A bioprosthesis is reasonable for patients aged >70 years.

b C Replacement of the aortic valve by a pulmonary autograft (the Ross

procedure), when performed by an experienced surgeon, may be
considered for young patients when VKA anticoagulation is
contraindicated or undesirable.

Anticoagulation with a VKA and INR monitoring is recommended in patients
with a mechanical prosthetic valve.

Anticoagulation with a VKA to achieve an INR of 2.5 is recommended for
patients with a mechanical bileaflet or current-generation single-tilting disc
AVR and no risk factors for thromboembolism.

Anticoagulation with a VKA is indicated to achieve an INR of 3.0 in patients
with a mechanical AVR and additional risk factors for thromboembolic events
(AF, previous thromboembolism, LV dysfunction, or hypercoagulable
conditions) or an older-generation mechanical AVR (such as ball-in-cage).

Anticoagulation with a VKA is indicated to achieve an INR of 3.0 in patients
with a mechanical MVR.

Aspirin 75 mg to 100 mg daily is recommended in addition to anticoagulation
with a VKA in patients with a mechanical valve prosthesis.
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lla B

lla  B-NR
llb  B-R
llb B-NR
b C

Aspirin 75 mg to 100 mg per day is reasonable in all patients with a
bioprosthetic aortic or mitral valve.

Anticoagulation with a VKA to achieve an INR of 2.5 is reasonable for
at least 3 months and for as long as 6 months after surgical
bioprosthetic MVR or AVR in patients at low risk of bleeding.

A lower target INR of 1.5 to 2.0 may be reasonable in patients with
mechanical On-X AVR and no thromboembolic risk factors.

Anticoagulation with a VKA to achieve an INR of 2.5 may be reasonable
for at least 3 months after TAVR in patients at low risk of bleeding.

Clopidogrel 75 mg daily may be reasonable for the first 6 months after
TAVR in addition to lifelong aspirin 75 mg to 100 mg daily.

Although the BRIDGE (Bridging Anticoagulation in Patients who Require Temporary
Interruption of Warfarin Therapy for Elective Invasive Procedure or Surgery) trial
excluded MHYV, this randomized trial assigned patients on chronic anticoagulation
to receive low-molecular-weight heparin versus placebo for bridging before
elective surgery and found no significant difference in arterial thromboembolism,
but a significant increase in major bleeding (relative risk, 0.41; Cl, 0.20-0.78). This
study raised concerns that by bridging with overlapping anticoagulation agents can
increase bleeding risk without reducing risk of thromboembolism.

lla C-LD

Bridging anticoagulation therapy during the time interval when the INR is
subtherapeutic preoperatively is reasonable on an individualized basis,
with the risks of bleeding weighed against the benefits of
thromboembolism prevention, for patients who are undergoing invasive
or surgical procedures with a (1) mechanical AVR and any thromboembolic
risk factor, (2) older-generation mechanical AVR, or (3) mechanical MVR.
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Know the PRODUCT

*Design type &size
*Flow characteristics
*Age of valve

Know the FLOW

*Maximum & mean gradients
*Effective orifice area (EOA)
*Normal regurgitation

Khnow. the LOOK

‘Structural appearance
‘Mobility & seating
‘Artifacts

Know the PROBLEMS

*Patient-prosthesis mismatch
*QObstruction/stenosis
*Abnormal regurgitation

Basic Principles

By their design, almost all replacement valves are
obstructive compared with normal native valves

_ Most mechanic al valves and many biologic valves are
associated with trivial or mild transprosthetic regurgitation

(physiologic regurgitation)

~ Because of shielding and artifacts, insonation of the
valve especially regurgitant jets may be difficult and requires
multiple angulations of the probe and the use of off-axis view

4/7/2019



Mechanical Valve Flow Characteristics
Bileaflet Single disk Ball-cage

C D
2 large lateral orifices 1major orifice Flow diverges around
1smaller central orifice 1minor orifice the ball
®
W) D o !
\ / | | 1l
From JB Chambers °

Echo Res Pract IR ) O
2016;3:R35-R43

Acoustic Shadow &

Decreased Resolution in Far-field with Reduced
Diagnostic Accuracy (Missing or Over-Diagnosis
Mitral prosthesis Aortic prosthesis

Microbubbles in St Jude MVR
(Normal)
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Valve

Valve Design
Bileaflet Mechanical Valves

®‘ CarboMedics

Opening angle Closing angle

2592 S z 25°

ATS Open
Pivot

250 s z 25°

o .-
-3

4o°..--§ £ 40°

Bileaflet Mechanical Prosthetic Heart Valve

Normal motion ,
Restricted motion

Suture Ring
Well seated ,
Dehisced

Role of Cine-
Identify type of valve
Determine disc mobility
Assess stability of sewing ring

Housing

L

Iuoroscopy

]

Closing Angle

JOpen]ng Angle
[ S

If Iytic Infusion Is stopped at this time,

the remaining thrombus could be the tigger
CF : Guide duration A for a late rethrombotic process.

of lytic therapy

’ After 3h
rtPA 100 mg

After 24 h
! i.v.heparin

10/21/1995

OA Improved

Ain abnormgl QA va :re but not
(greater thah the normal) normalized

10/25/1996

e

OA completely
normalized

MPG:10 mmng (MP(_-}: 6 mm@ MPG: 5 mmHg
A Normal Doppler i ; studly despite
. Agr— significant restriction iff leaflet(s) motion at CF
o (so called “Doppler silent PVT").

4/7/2019
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Know the Flow (Simplified)

Valve Parameter Normal ABNORMAL
Peak velocity <3m/s
Mean gradient < 20 mmHg .
Doppler velocity Index (DVI) 20.30 PEAK AV veloaty >3 m/s
AVR Effective orifice area (EOA) > 12¢m? and/or mean AVG =20
Contour of the jet velocity Triangular, early peaking
Acceleration time (AT) < 80ms mmHg
hPAeak Ve'°:_ityt < 51-9 m/ : Peak mitral early diastolic
ean gradien <5 mmHg q
MVR Doppler velocity Index (DVI) <22 veloaty 21.9 m/s and/or
Effective orifice area (EOA) >2.0cm2 mean MVG 26 mmHg.
Pressure half-time (PHT) < 130ms
+ Vmax=24m/s :
23 mm | P = s g Baseline Study Early Postop/
ATS AVR - DVI =033 Post-procedure
RREC RSB Strongly Recommended

Zoghbi WA, et al. JASE. 2009 Sep;
22(9):975-1014

Calculation
of the EOA

* CSALVOT= LVOTdiameter? x0.785

X v LVOT Stroke Volume

2%

For MVR, < grade 1/4 AR or MR

Doppler Velocity
Index (DVI) for
AVR & MVR

Velocity | yo

Doppler Velocity Index =

Y
CW Doppler AVR peak wzelocity(V ) 2
Normal 20.30 Abnormal £0.25

DVI(AVR) = V3V,

PW Doppler LVOT peak velocity (V1)

DVI(MVR) = MVRyq + LVOTyq

CW Doppler MVR VTI

Al
v

PW Doppler LVOT VTI

Normal £18 Abnormal 22.2

Velocity jet

4/7/2019
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LVOT Diameter and Velocity in
Balloon-Expandable THVs

PLAX View 5-Chamber View

Shames et al. JASE 2012
Clavel et al. JACC Img;4:1053—-62, 2011

Normal Values for Implanted Aortic Valves
PEAK GRADIENT MEAN GRADIENT
AORTIC VALVES (mm Hg) (mm Hg)
Carpentier-Edwards Pericardial 19 321+34 24.2 £ 8.6 12203
Stented bovine pericardial 21 257+99 20391 1.5+04
23 21.7+86 130453 1.8+£03
25 16.5+54 9023
Carpentier-Edwards Standard 19 435+12.7 256+ 8.0 09+02 |
Stented porcine 21 277+76 173262 1:5+03 1
23 289475 161 £6.2 1.7 £05
25 240+71 129+ 4.6 1905 !
27 221£82 121 %55 2306
29 99129 2.8£05
Hancock 21 180+6.0 120+ 2.0
Stented porcine 23 16.0+2.0 1.0+ 20
25 15.0+3.0 100+ 3.0
Hancock I 21 14.8 £ 4.1 1.3+£04
Stented porcine 23 34.0+13.0 16.6 £85 1.3+04
25 220+53 108+28 1.6+04
29 16.2£15 82+ 17 1.6+£0.2
Medtronic Mosaic 21 14.2£5.0 1.4£04
Stented porcine 23 23.8+£11.0 137+438 1.5+04
25 225+100 M7:+5.1 1.8+£05
27 10443 19101
29 111 +£43 21+£02
Medtronic-Hall 20 344+£131 171£5.3 1.2£05
Single tilting disc 21 26.9+10.5 141459 11+02
23 269+89 135t4.38 1.4+04
25 17170 95143 1.5+05
27 18.9+£9.7 87156 1.9£02
St. Jude Medical Standard 19 420+£10.0 245+58 1.5+01
Bileaflet 21 257 %95 15.2+5.0 14+04
23 21.8E75 134156 1.6+04
25 189+73 11.0£53 1.9£05
27 137+£42 84+34 25104
29 135+5.8 70+17 28+05

12



Normal Values for Implanted Mitral Valves

SIZE GRADIENT GRADIENT PEAK VELOCITY PRESSURE HALF-TIME ORIFICE AREA

MITRAL VALVES (mm) (mm Hg) (mm Hg) (misec) (msec) (cm?)
Carpentier-Edwards 27 612 1.7+£03 98 +28
Stented bioprosthesis 29 47+2 1.76 £ 0.27 92+14
31 44+2 154 £0.15 92 =19
33 6+3 G912
Carpentier-Edwards 27 3.6 16 100
Pericardial 29 5.25+2.36 167403 11015
Stented bioprosthesis 31 4.05+0.83 1.53+£0.1 90+ 1
33 1 08 80
Hancock | or not specified 27 10+4 hit 2 W5E20 1.3+£0.8
Stented bioprosthesis 29 7+£3 246+0.79 95+ 17 15402
31 4+0.86 4.86 + 1.69 90+ 12 16+0.2
33 3+2 387+2 19402
Hancock Il 27 2.21+014
Stented bioprosthesis 29 277+£011
31 2.84+01
33 315+022
Medtronic-Hall 27 1.4 78
Titting disc 29 1.57 £ 0.1 69+ 15
31 1.45+0.12 L E A7
St. Jude Medical 23 4 15 160 1
Bileaflet 25 2541 1.34+1.13 75+4 1.35+0.17
27 1n+4 5+1.82 1.61+0.29 75+ 10 167 £0.17
29 103 415+£1.8 1.57 £0.29 85+ 10 1.75+0.24

Valve Size is NOT equal to EOA or Geometric OA
o

EOA
Bioprosthetic valve Mechanical valve The effective orifice area(EOA)
(Hemodynamic orifice) is NOT
the same as the Geometric
orifice area (valve opening area).
The former is up to 29% smaller.

Calculating the EOA by the
continuity equation presents
several challenges, including

e i = accurate measurement of the
External External LVOT d ia mete r.
diameter diameter

4/7/2019
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Know the Potential Problems

]

ol | Structural it Mal-deployment
Thrombosis ‘ Pannus ‘ Degeneration Endocarditis ‘ (TAVR)
; Regurgitation Non- P
Type of Obstruction Obstruction Sten95|s_/ |/ shunts / structural Regurgltapon/
dysfunction Regurgitation - . Stenosis
stenosis dysfunction
Echo Echo Echo Echo Echo Echo
Clinical CHF CHF CHF CHF CHF CHF
presentation Shock Shock Shock Shock Shock
Sepsis

Etiology of High Doppler Gradients
in Prosthetic Heart Valves

» Prosthesis-patient mismatch i.e. too small a
prosthesis in too large a patient

» Prosthesis dysfunction due to an acute (e.g.
thrombus) , subacute (e.g. endocarditis) or

chronic process (e.g. pannus, calcific
degeneration in bioprosthesis)

4/7/2019
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Pannus versus Thrombus

Parameters Thrombus Pannus
Clinical » shorter (= 2months) + Time from valve surgery to valve
« Symptom duration before malfunction longer (> 12months)
reoperation shorter (< 1month) « Symptom duration before
« Inadequate anticoagulation * reoperation

* longer (= 10months)
Adequate anticoagulation™®

Echocardiography « Larger * Smaller
« Soft tissue appearance (similarto +« Echo dense appearance
myocardium) * Firmlyfixed
* Mobile « Annular location (alongvalvular
+ Extension of mass beyond limits of plane)
prosthetic valve ring to adjacent * More common in AVR than MVR

cardiac structures
« More common in MVR than AVR

* Adequate anticoagulation defined as International Normalized Ratio (INR) = 2.5 at the time of diagnosis
Barbetseas J, et al. J Am Coll Cardiol. 1998 Nov;32(5):1410-7.

Doppler-Echo Evaluation of Prosthetic Valves

> Doppler-echocardiography is the primary imaging
modality to evaluate prosthetic valve function

> Structural evaluation (TTE and TEE - ‘
( ) «-dT‘ gf\z
S ¥ :

Valve position and shape
Leaflet morphology and mobility

a7vom

Paravalvular region

> Functional evaluation
Transprosthetic gradients, EOA, and DVI

Localization (central vs. para) and degree of
regurgitation

> LV/RYV size and function, Pulmonary Arterial
Pressure

4/7/2019
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Non-Echo Imaging Modalities

> Not performed routinely for the
evaluation of PHVs

Can provide incremental information
on valve integrity and valvular /
paravalvular pathology

Cinefluoroscopy: leaflet mobility of
mechanical PHVs

Cardiac CT: leaflet thickening /
calcification, thrombus vs. pannus

CMR: quantitation of AR and MR RF = 36%

Nuclear imaging: PHVs endocarditis o

Young Physically Active patient
Depression LVEF

Low-flow, low-gradient AS
Severe LVH

Concomitant MR (Not treated
at the time of AVR)

PROSTHESIS-PATIENT o
MISMATCH (PPM)_— PROSTHETIC
VALVE EOA

PATIENT’S CARDIAC OUTPUT
REQUIREMENTS

PPM occurs when the EOA of the prosthesis is TOO SMALL in relation
to patient’s BODY SIZE / CARDIAC OUTPUT Requirements

16
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Normal valve structure and motion* Normal valve structure and motion* Abnormal valve structure and motion*
Ve <3 M/s; Mean AP<20 mmHg Vee23 m/s; Mean AP220 mmHg Vpew23 m/fs; Mean AP220 mmHg
EOA>1.0 cm?; DVI20.35 EOA>1.0 cm?; DVI 0.25-0.34 EOA variable; DVI<0.25
al range ECA oiimat range
Indexed EOA>0.85 cm?/m? Indexed EOA<0.85 cm?/m?* Indexed EOA<0.85 cm?/m?
(>0.70 cm?/m” if obese) (50.70 cm?/m? if obese) (0.70 cm?’/m? if obese)
Increase in mean AP<10 mmHg Increase in mean AP<10 mmHg Increase in mean AP210 mmHg
during FU during FU during FU
& & - &
Decrease in EOA<0.3 cm? during FU Decrease in EOA<0.3 cm? during FU Decrease in EOA20.3 cm? during FU
AT<80 ms; AT/LVET<0.32 AT<80 ms; AT/LVET<0.32 AT=80 ms; AT/LVET=20.32
Normal Prosthetic Valve Prosthesis-Patient Mismatch Prosthetic Valve
Function or High Flow States Stenosis

Pibarot, P. et al. J Am Coll Cardiol Img. 2019;12(1):149-62.

Value of AVR Acceleration Time (AT) for
Elevated AVR Gradients

DVI > 0.30 | DVI 0.29-0.25 DVI < 0.25

Suggests AVR Likely normal AVR:
Considerimproper

Consider AVR stenosis with:
*Normal IEOA ~ High flow stenosis
LVOT velocity

Normal AVR:

*Sub-valve narrowing

*Underestimated gradient *Reduced IEOA~ PPM

sImproper LVOT velocity
Adapted from Zoghbi WA, et al. J Am Soc Echocardiogr. 2009 Sep;22(9):975-1014

17
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ORIGINAL RESEARCH

Flow Acceleration Time and Ratio of
Acceleration Time to Ejection Time
for Prosthetic Aortic Valve Function

Sagit Ben Zckry, MD,” Robert M. Saad, MD,” Mchmet Ozkan, MD, T

Maie S. Al Shahid, MD, Mauro Pepi, MD,§ Manuela Muratori, MD,§ Jiagiong Xu, PuD)|
Stephen H. Little, MD,* William A. Zoghbi, MD*

Houston, Texas; Istanbul, Turkey; Riyadh, Saudi Arabia; and Milan, Italy

Cut-off AT = 100 ms for identifying AVR stenosis:
+ Sens. 86% + PPV 66%
* Spec. 86% + NPV 95%

Ben Zekry S, et al. JACC Cardiovasc Imaging. 2011 Nov;4(11):1161-70.

The Strategies to Prevent PPM at the time
of Surgical AVR include: -

Implanting a Newer Generation of PHV with better
hemodynamic performance & larger EOA

Enlarging the Aortic Root or annulus to
accommodate a larger prosthetic valve; or

Performing Transcatheter AVR rather than
Surgical AVR.

Fracture bioprosthesis stent (For valve-in-valve)

18



Prosthesis-Patient Mismatch after SAVR

= =

68 y.o. patient, NYHA 3
3 Years post AVR
Carbomedic # 19 mm

e

l« Peak / Mean Gradients= 69/40 mm Hg

Reference EOA
1.0+0.4 <«——> Measured EOA =1.06 cm?

Measured
Indexed EOA:
0.55 cm?/m?

Valve Stenosis due to SVD after SAVR
Case: 78 y.0. man, 13 year post SAVR with CEP # 23 mm

Echo 13 years post SAVR:
- Gradients: 93/57 mmHg
(vs. 30/18 at discharge)
-EOA: 0.7 cm? DVI: 0.16
(vs. 1.7cm? DVI: 0.42)
- AT/LVET: 0.38

4/7/2019
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Doppler-Echo Evaluation of Mitral
Prosthesis - Specifics

Non-Obstructed
» EOA calculated using continuity equation as follows :

EOA=SV vot/ VTI mvp

(Not valid if significant aortic or mitral regurgitation)

> Doppler Velocity Index: VTT mvp / VTI1vot

> Pressure half-time NOT valid
but may be
useful for serial comparisons if delayed

A Diagnostic Pathway for Elevated MVR Gradients

_ Adapted from ‘A Sonographer's Guide
EOA Normal to the Assessment of Heart Disease.’

L § o9 B. And ; 2014 Echotext Pty Ltd
DV' Normal (< 2.2) nderson chotext Pty

IECAreduced (< 12cm2/m2) PHT prolonged (> 130ms)

Consider: ' Consider: Consider: Consider:

« PPM * High output . : * MR
* Technicalerror LD * RPR(rare inMVR)

20
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Criteria for Definition of Mitral
Prosthesis-Patient Mismatch

PPM is defined as: normal EOA but small indexed EOA

Usually normal Usually Usually
normal normal

_ >1.0 1.0-0.75

Lancellotti EHJ CV Img 2016

Doppler-Echo Criteria to Assess the
Severity of Prosthetic Mitral Valve Stenosis

Normal | Possible | Significant
Stenosis Stenosis
2D/3D TTE / TEE / Cinefluoroscopy / CT

Normal Often Abnormal
abnormal

Doppler quantitative parameters
| Peakvelocity (ms) 1.9-2.5
- Mean gradient (mmHg) < 6-10
- Doppler velocity index : 2225
 Effective orifice area (em?) > 1-2
 Difference (Normal EOA - Measured EOA) 0.30-0.60
Doppler semi-quantitative parameters
| Pressure half time (ms) 130-200
Changes in echo parameters during FU
5-9

Lancellotti et al.
EHJ CVImg2016

21
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Doppler-Echo Evaluation of Prosthetlc
Valve Regurgitation ,‘

» Mild regurgitations, central or paravalvular
are frequent, sometimes transient and rarely
progressive

» Mechanical prostheses usually show small
regurgitation due to normal closing volume

» Mitral regurgitation may be underestimated by
TTE due to acoustic shadowing

» If significant regurgitation suspected, look for
underlying pathology and proceed to TEE

Doppler-Echo Criteria to Assess the Severity
of Prosthetlc Aortic Valve Regurgltatlon

2D/3D TTE / TEE / Cinefluoroscopy / CT

Normal Often Abnormal
abnormal

Doppler qualitative or semi-quantitative parameters
_ Slow >500 200-500 Steep <200
_ Absent- brief Intermediate Holodiastolic
Doppler / CMR quantitative parameters

<30 30-49 =50

Zoghbi JASE 2009
Lancellotti EHJ CV Img 2016
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Semi-Quantitation and Location of
Paravalvular Regurgitation on PSAX

Using the TV septal leaflet insertion as 9 o’clock,
locate the position of the paravalvular jets.

12 min + 6 min = 18 min
CE: (18/60)x100=30%

Moderate-to-Severe PVR

Mild Moderate Severe

VC Area 0.1 cm? 0.2 cm? 0.2 cm? 0.26 cm? 0.7 cm?
%Circ 8% 10 % 16 % 18 % 30 %

Apical 3
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Doppler-Echo Assessment of Prosthetic
Aortic Valve Regurgitation

Specific Criteria for Severe AR
VC width > 0.6 cm
VCA 2 0.30 cm?
Circumferential VC extent > 30%
Large flow convergence
PHT <200 ms
Prominent holodiastolic flow
reversal in the descending aorta

24 Above Criteria

. Definitely Severe

EROA 41 mm?
R Vol 78 ml PHT 189 ms Zoghbi WA JASE 2019

Lancellotti EHJ CV Img 2016

RF =14%

Assessment of PVR by CMR

Ribeiro et al.

Heart 2016
PRE
A B
. E—— ] €cHO | None/ | e I ]
Moderate | 5(10%) / 5(10%) | Moderate CMR Trace L
= None/
= 13(76) | 2(8) - - 15
Mild| 26 (51%) 2 [ I
27(53%) |Mild Mild I A(24) | 22(84) 1(20) = 27
i i
Moderate - 2(8) 3(60) = 5 Regurgitant Fraction
7/ i 100 +<15%: None/Trace
== - - 1(20) | 2(100) 3 +15-29%: Mild
:4:::/ 17(33%) 15(20%) |None/ 0/50 +230%: Moderate/Severe
Trace Total 17 26 5 2 (80)
ECHO CMR
POST
C D
Severe r
severe &
Moderata | 4(10%) CMREC"" None/ | mitd | Modarate - Total . ——— % 84.8%
| Moderate - 5 0 | 649% o
Mild | 11(26%) et 7(27) 2(18) - - 9 2 52.7%
| § 60 1
Mild 4(36) - - 2 38
N 22(52%) | Mild = w0
Moderate 2(50) - 8 g
e 20
None/ | 26 (62%) K] Log-rank = 0.032 Log-rank = 0.002
Trace 1(100) 3 3
& O T T T 1 T T T T 1
0 6 2 18 2 0 & omsiowap 2
” Vionths Follow-
: 9(22%) ;lr:::/ Total 2% 1 " 1 1(43/;)2 Months Follow-up
E < Mild — Moderate/Severe
CMR Ribeiro, H.B. et al. J Am Coll Cardiol. 2016;68(6):577-85.
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Table 2 Invasive hemodynamic indexes for assessing severity of AR immediately After TAVR

Author

Index

Formula

Cutoff for significance

Sinning et al.*
Sinning et al.**

Jilaihawi et al.>®

55

Buganetal.”

AR index
ARl ratio

CHAI score

TIAR index

([DBP- LVEDP] + SBP) x 100

Ratio of post-procedural to pre-procedural AR
index

([DBP - LVEDP] + HR) x 80

(LV-Ao diastoiic pressure time integrai)/(LV
systolic pressure time integral) x 100

AR index <25 predicted higher mortality

ARl ratio <0.60 improved 1-year mortality
prediction of post TAVR AR Index <25

<25 (denoting = moderate PVR), predicted
higher mortality

TIAR index <80 was associated with a sensitivity
of 86% and a specificity of 83% for =mild AR.

AR, Aortic regurgitation; AR/, AR index; CHAI, composite heart-rate-adjusted hemodynamic-echocardiographic aortic insufficiency; DBP, diastolic
blood pressure: HR. heart rate: LVEDP, left ventricular end-diastolic pressure, SBP, systolic blood pressure; TIAR, Time-integrated aortic regur-
gitation. https://doi.ora/10.1016/i.echo.2019.01.003

A A

DAP <y -

AP DAP - LVEDP
LVEDP -

N

LV-Ao DPTI=

P »

LV-Ao DPI

LV-Ao DPI

N

LV sPl

_lVSPT|: ST

or LV SPI

K

AP DAP — LVEDP LV—Ao DPTI
AR Index = X100 = oY SO M 0
ndex SBP TIAR Index = [V SPTI X100

Doppler-Echo Criteria to Assess the Severity
of Prosthetic Mitral Valve Regurgitation

2D/3D TTE / TEE / Cinefluoroscopy / CT

Normal

Doppler qualitative or semi-quantitative parameters

<3
Variable
<2.2

Faint
Parabolic

<10

Doppler quantitative parameters

<30
<30

Variable

Parabolic

Often Abnormal

abnormal

>6
>65
>2.5

Dense
Triangular

=30

3-6

2.2-2.5
Dense

10-29

=60
=50

30-59
30-49

Zoghbi JASE 2009
Lancellotti EHJ CV Img 2016

4/7/2019
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Peri-prosthetic Leak Localization

Mahjoub, H. et al. J Am Coll Cardiol Intv 2011;4:107-114
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Doppler-Echo Assessment of Prosthetic
Mitral Valve Regurgitation

' Specific Criteria for Severe MR
Peak E Vel 2.6 m/s_ » Abnormal device morphology/flail leaflet
L l L + VCW 20.7 cm or 2 2 moderate jets
e L, + VCA 20.4 cm? or 2 2 moderate jets
Y "“' F il " Il °© Large flow convergence

* Central large jet > 50% of LA area
* Pulmonary vein systolic flow reversal

- “‘ ' ; ‘ F “ ; :
J 24 Above Criteria
o I AEBOY AR Definitely Severe
0 el bl el el .

]
“g;? ﬂ“’v,‘? '\“l.j.'l N; v
g s s

Zoghbi WA JASE 2019
Lancellotti EHJ CV Img 2016

Conclusions

Patients between aged 50-70 can now opt for either biological or
mechanical PHV.

Bridging AC therapy is reasonable in older mechanical AVR, AVR
with 1 thrombo-embolic risk factor (RF) & mechanical MVR.

INR 2.5 for metallic AVR and 3.0 for metallic AVR with 21 RF.
INR 3.0 for metallic MVR

Know your PHV: Products, Look, Flow, potential Problems.

Multi-modality imaging with multi-parameter integrative approach
is required for problematic metallic PHVs. Record BP, HR, BMI

PPM - Indexed EOA (|) & DVI (>0.25 for AVR; <2.2 for MVR)
Indexed EOA is the only parameter shown to have any
correlation with post-op gradients &/or outcomes in PPM.
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