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Prosthetic valves

- Mechanical valves

* Ball — cage
* Tilting- disc
* Bi-leaflet

- Biologic valves
« Animal tissue (xenograft): stented and unstented
« Human tissue (homograft and autograft)

- Transcatheter valves: biologic valves delivered through the
catheter
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Echocardiography for evaluation Prosthetic valves

Prosthetic valves

Mahjoub-H, et-al. Echocardiographic Recognition and Quantitat:ieh’@iProsthetic Valve Dysfunction: ...
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Parameters
In the
evaluation of
prosthetic
valve
function

)
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Clinical information

Type of valve and size

Date of surgery

Blood pressure and heart rate
Height, weight and BSA
Symptoms and signs

Imaging of the valve

Motion of leaflets or occlude
Calcification on the leaflets or abnormal echo densities
Valve sewing ring integrity and motion

Doppler parameters

Peak velocity and gradient
Mean pressure gradient
VTI, DVI, PHT, EOA
Severity of regurgitationt

Others data

LV and RV size, function, and hypertrophy
LA and right atrial size

Concomitant valvular disease

Pulmonary artery pressure

Previous postoperative
studies, when available

Comparison of above parameters

VIETMAM NATIONAL CONERESS OF CARDILOGY
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Timing of Echocardiography

- 4-8 weeks after valve implantation (baseline study)
- 6 months and yearly TTE

- Change in symptoms and signs suggesting valve dysfunction

( > Mahjoub H, et al. Echocardiographic Recognition and Quantitation of Prosthetic Valve VIETNAM NATIONAL CONGRESS OF CARDIOLOGY
\?_) Dysfunction. In: The Practical of Clinical Echocardiography, 5" ed, 2017. Elvsevier. Chap 24. SCIENTIFIC MEETING 2618
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Diastole

TTE Vs TEE

Systole

Transthoracic Echocardiography

Prosthetic valve evaluation:

- Transthoracic Echocardiography (TTE)

- Transeosophageal Echocardiography (TEE)
- Cinefluoroscopy

- MSCT

- Cardiac Catheterization

- Transeosophageal EcRoE&@Ffthia, [RYNERESS Ut UARUIULUGT
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Complications of prosthetic valves

Early stage - Valvular dysfunction (related to technique or early
infection)

- Thromboembolism

- Paravalvular leak

- Endocarditis

Late stage - Thromboembolism

- Pannus

- Valve degeneration (stenosis and/or regurgitation)
- Endocarditis

- Hemolysis

VIETNAM NATIONAL CONGRESS OF CARDIOLOGY
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Echocardiography for evaluation Prosthetic valves

Prosthetic valves
explanted for
severe dysfunction

Mahjoub H, et al. Echocardiographic Recognition
and Quantitation of Prosthetic Valve Dysfunction. In:
The Practical of Clinical Echocardiography, 5t ed,
2017 Elvsevier-Chap 24.
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Echocardiography for evaluation Prosthetic valves

Aortic Prosthetic valves
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Evaluation of prosthetic aortic valves

Imaging findings - Sewing ring
- Valve or occluder mechanism
- Surrounding area

Doppler Parameters |- Peak velocity/gradient
- Mean gradient
- Contour of the jet velocity, AT

- DVI

- PHT

- EOA

- Presence, location, and severity of regurgitation
Others data - LV size, function, and hypertrophy

Zoghbi WA, et al. Recommendations for Evaluation of Prosthetic Valves With VIETNAM NATIONAL CONERESS OF CARDIOLOGY
Echocardiography and Doppler Ultrasound. JASE Sep 2009. Doi:10.1016 SCIENTIFIC MEETING 2018



Aortic valve image

M3 M4

+61.4

+ Vmax 200cm/s W
Vmean 131 cm/s
Max PG 16 mmHg
Mean PG 8 mmHg
VTI 34.2cm

-61.4
cm/s
-200

=100

-cm/s

--100

--200

Bn thay van PMC co hoc:
Vmax= 2 m/s

() Mean gradient=8 mmHg VIETNAM NATIONAL CONGRESS OF CARDIOLOGY
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Normal prosthesis Obstructed prosthesis

Doppler recordings
of a normal and
obstructed
prosthetic valve In |
the aortic position AT = 58 ms . AT = 126 ms -

AT/ET = 0.31 AT/ET = 0.45 T
D -50
Acceleration time Ejection time Acceleration time Ejecton fime
MG = 24 mmHg MG = 47 mmHg
DVI = 0.4
DVI = 0.2
AT =58 ms AT =126 ms
AT/LVET = 0.31 AT/LVET = 0.45
(§?) SN METH e
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Echocardiography for evaluation Prosthetic valves

Signs or symptoms
suggesting
prosthetic AS

Algorithm for
evaluation of
prosthetic
aortic stenosis

Viax <3 m/s Vmax 3—4 m/s
Mean AP <20 mm Hg Mean AP 20-35 mm Hg
Velocity ratio 0.29-0.25

Velocity ratio =0.3
EOA >1.2 cm?2 EOA 0.8-1.2 cm?

TPV <100 ms / \

Vimax =>4 m/s

Mean AP >35 mm Hg
Velocity ratio <0.25
EOA <0.8 cm?

TPV >100 ms

TPV <100 ms TPV >100 ms

Y

Significant stenosis

v ¥
Normal prosthetic Possible stenosis
valve function

? High flow state

? Patient prosthesis
mismatch

TPV=AT

:‘:Z:gTEgWA, et al. Recommendations for Evaluation of Prosthetic Valves With Echocardiography and Doppler Ultrasound
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Echocardiography for evaluation Prosthetic valves

Doppler parameters of prosthetic aortic valve
function in mechanical and stented biologic valves

Parameter Normal Possible stenosis Suggests significant stenosis
Peak velocity (m/s)" <3 3-4 >4
Mean gradient (mm Hg)" <20 20-35 >35
DVI =0.30 0.29-0.25 <0.25
EOA (cm?) >1.2 1.2-0.8 <0.8
Contour of the jet velocity through the PrAV Triangular, early peaking Triangular to intermediate Rounded, symmetrical contour
AT (ms) <80 80-100 =100

PrAV, Prosthetic aortic valve. V>4am/s
*In conditions of normal or near normal stroke volume (50-70 mL) through the aortic valve. .
tThese parameters are more affected by flow, including concomitant AR. Mean gradient > 35 mmHg

DVI < 0.25
EOA<0.8cm2

AT > 100 ms

<"> Zoghbi WA, et al. Recommendations for Evaluation of Prosthetic Valves With
Echocardiography and Doppler Ultrasound. JASE Sep 2009. D0i:10.1016
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Echocardiography for evaluation Prosthetic valves

Parameters for evaluation of the severity of prosthetic aortic valve regurgitation

Parameter Mild Moderate Severe
Valve structure and motion
Mechanical or bioprosthetic Usually normal Abnormal® Abnormal®
Structural parameters
LV size Mormal® Normal or mildly dilated® Dilated®
Doppler parameters (qualitative or semiquantitative)
Jet width in central jets (% LVO diameter): color” Narrow (=25%) Intermediate (26%6-64%) Large (=65%)
Jet density: CW Doppler Incomplete or faint Dense Dense
Jet deceleration rate (PHT, ms): CW Doppler® Slow (=500) Variable (200-500) Steep (<200)
LVO flow vs pulmonary flow: PW Doppler Slightly increased Intermediate Greatly increased
Diastolic flow reversal in the descending aorta: PW Absent or brief early diastolic Intermediate Prominent, holodiastolic
Doppler
Doppler parameters (quantitative)
Regurgitant volume (mL/beat) <30 30-59 =60
Regurgitant fraction (%) <30 30-50 =50

PHT, Pressure half-time.

*Parameter applicable to central jets and is less accurate in eccentric jets; Nyquist limit of 50 to 60 cm/s.

tAbnormal mechanical valves, for example, immobile occluder (valvular regurgitation), dehiscence or rocking (paravalvular regurgitation); abnormal
biologic valves, for example, leaflet thickening or prolapse (valvular), dehiscence or rocking (paravalvular regurgitation).

tApplies to chronic, late postoperative AR in the absence of other etiologies.

§Influenced by LV compliance.

Y, SCIENTIFIC MEETING Ozoi's ‘i
=ZoghbiWA, et al. Recommendations for Evaluation of Prosthetic Valves With Echocardiography and Doppler Ultrasound. JASE Sep 2009. Doi:10.1 :



Aortic prosthetic valve regurgitation

L Color Doppler: (Intra or paravalvular regurgitation)
- Flow convergence
- VC
- Extention (radiation) to LV

L Doppler parameters:
- Jet area/ Prosthetic sewing area (short axis):
« <10%: mild
« > 20%: severe
- PHT
e <200 ms - severe AR
* >500 ms = mild
Holodiastolic flow reversal/Descending aorta
RV (Regurgitant volume):
e <30 LI mild
* >60 mL: severe AR
RF (Regurgitant fraction):
e <30%: mild
* > 50%: severe AR

IONAL CONGRESS OF CARDIOLOGY
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Jet area/ Prosthetic sewing area (short axis)

MC canh (rc truc ngang: dién tich dong h@/dién tich vong van BMC VIETNAM NATIONAL CONGRESS OF CARDIGLOGY
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Doppler
parameters:
PHT and
Holodiastolic
flow
reversal/Desc
ending aorta

PHT: 546 ms

B e e

PHT: 243 ms

" <
.\ > End-diastolic velocity:

22.5 cm/s




Transesophageal
Images of a
patient with
perivalvular

significant AR

Zoghbi WA, et al. Recommendations for Evaluation
of Prosthetic Valves With Echocardiography and
Doppler Ultrasound. JASE Sep 2009. Doi:10.1016
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Echocardiography for evaluation Prosthetic valves

Mitral prosthetic valves
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Echocardiography for evaluation Prosthetic valves

Mitral ProstheticVValve Function and Stenosis

Imaging findings

Parasternal view - Sewing ring
- Leaflet excursion

Apical view Leaflet excursion

- Valve motion
Thrombus
Pannus
Vegetation: limited
Paravalvular leak

» o Somews0ts



Echocardiography for evaluation Prosthetic valves

Mitral ProstheticVValve Function and Stenosis

Doppler parameters

- Peak early velocity (E wave)
- Mean pressure gradient

- PHT

- DVI and EOA (as needed)

- Heart rate

Others data

- LV, RV size and function
- LA, RASsIze
- PASP

€2 VIETNAM NATIONAL CONGRESS OF CARDIOLOGY
SCIENTIFIC MEETING 2018



Echocardiography for evaluation Prosthetic valves

Mitral ProstheticVValve Function and Stenosis

Possible Suggests significant
Mormal*® stenosis® stenosis* ¥
Peak velocity (m/s)" # <1.9 1.9-25 =25
Mean gradient =5 6-10 =10
(mm Hg)' @

VTlpmn/VTlvo " <2.2 2.2-2.5 >2.5
EOA (cm?) =2.0 1-2 <1

PHT (ms) <130 130-200 ~200

PHT, Pressure half-time; PrMV, prosthetic mitral valve.

*Best specificity for normality or abnormality is seen if the majority of the
parameters listed are normal or abnormal, respectively.

1Slightly higher cutoff values than shown may be seen in some biopros-
thetic valves.

fValues of the parameters should prompt a closer evaluation of valve
function and/or other considerations such as increased flow, increased
heart rate, or PPM.

§These parameters are also abnormal in the presence of significant
prosthetic MR.

()
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Significant Stenosis
V>25m/s

Mean gradient > 10 mmHG
VTI PrV/LVO > 2.5
EOA<1.0cm?2

PHT > 200 ms

Zoghbi WA, et al. Recommendations for Evaluation
of Prosthetic Valves With Echocardiography and
Doppler Ultrasound. JASE Sep 2009. D0i:10.1016
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Doppler patterns in a normal and an obstructed

mitral prosthetic valve
Nmal | Obstructed

+
:
A
Peak E=1.1 m/s Peak E=2.5 m/s
Mean G =4 mmHg Mean G = 15 mmHg
PHT = 123 ms PHT =170 ms
(&2 SCIENTIFIC MEETING. ()% &3
:-f_‘_g;_-_'ij, et al. Recommendations for Evaluation of Prosthetic Valves With Echocardiography and Doppler Ultrasound. JASE Sep 2009. Doi:lO.lOg018



Ca lam sang

TIS0.5 MI 1.3 > g TIS0.5 MI 0.1

M3 M4
+61.6

+ Vmax 185 cmis B
Vmean 141 cm/s
Max PG 14 mmHg
Mean PG 9 mmHg
VTI 49.2 cm

-61.6
cm/s

-300

-200

-100

-cm/s
--100

--200

--300

Bn nam, 50 tudi, mo thay van 2 14 5/2015. Kham 10/2015: ket 1 dia van 2 14 co hoc
E velocity: 1.85 m/sec
Mean gradient: 9 mmhg

@ PHT: 180 ms VIETNAM NATIONAL CONGRESS OF CARDIOLOGY
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Ca lam sang

Siéu am tim qua thuc qudn véi mdt cat
giita thuc quan. Ket van hal la co hoc.
Bénh nhan nit, 44 tuoi. A, Van hai la
dong, huyét khoi o vong van. B, m¢t 14
van khong mad, mot la mé 60°. C, chénh
ap toi da qua van hai la 33mmHg.

Mat cat giira thwe quan

Pat. T: 37.0 °C

TEE T: 38.9 °C
0 116 180
—-

° HD

pat.T: 37.0 °c | Mat cat gira thwe quan = Pat. T: 37.0 °C
TEE T: 39.5 °C : TEE T: 39.5 °C

0 62 180, 0 62 180,

4+ VTI = 76.8 cm
Max Vel = 288 cm/s
Mean Vel = 253 cm/s
Max PG = 33.3 mmHg
Mean PG = 26.6 mmHg

|




Ca lam sang

M3 M4
+61.6
+ Vmax 218 cmis ]|
Vmean 153 cm/s
Max PG 19 mmHg
Mean PG 10 mmHg
VTI 77.8cm

-61.6
cm/s

-200

ﬂ -

— -100

--200

BN nam, 54 tu6i, md thay van 2 14 sinh hoc 1997: thoai hoéa van 2 14 sinh hoc
Vmax= 2.2 m/s; mean gradient= 10 mmHg; PHT= 198 ms

@ VIETHAM NATIONAL CONGRESS OF CARDIOLOGY
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Echocardiography for evaluation Prosthetic valves

Transthoracic echocardiographic findings suggestive of

significant prosthetic MR

Finding Sensitivity Specificity Comments
Peak mitral velocity =1.9 m/s* 90% 89% Also consider high flow, PPM
VTleaawVTlve = 2.5* 89% 91% Measurement errors increase in atrial
fibrillation due to difficulty in matching
cardiac cycles; also consider PPM
Mean gradient = 5 mmHg* 90% 70% At physiologic heart rates; also consider
high flow, PPM
Maximal TR jet velocity > 3 m/s” 80% 1% Consider residual postoperative
pulmonary hypertension or other
causes
LV stroke volume derived by 2D or 3D Moderate sensitivity Specific Validation lacking; significant MR is
imaging is >30% higher than systemic suspected when LV function is normal
stroke volume by Doppler or hyperdynamic and VTl yg is <16 cm
Systolic flow convergence seenin the left Low sensitivity Specific Validation lacking; technically

ventricle toward the prosthesis

challenging to detect readily

PriMV/, Prosthetic mitral valve.

*Data from Olmos et al.’*® When both peak velocity and VTl ratio are elevated with a normal pressure half-time, specificity is close to 100%.

L,

SCIENTIFIC MEETING 03918

ZeghbiWA, et al. Recommendations for Evaluation of Prosthetic Valves With Echocardiography and Doppler Ultrasound. JASE Sep 2009. Doi:10.1



Echocardiography for evaluation Prosthetic valves

Echocardiographic and Doppler criteria for severity of

orosthetic MR using findings from TTE and TEE

Parameter

Mild

Moderate

Severe

Structural parameters
LV size
Prosthetic valve/
Doppler parameters
Color flow jet area #

Flow convergence™

Jet density: CW Doppler!

Jet contour: CW Doppler'

Pulmonary venous flow'
Quantitative parameters''

Normal®
Usually normal

Small, central jet (usually <4 cm? or
<20% of LA area)

MNone or minimal
Incomplete or faint
Parabolic

Systolic dominance®

Normal or dilated
Abnormal”

Variable

Intermediate
Dense

Usually parabolic
Systolic blunting®

Usually dilated*
Abnormal®

Large central jet (usually >8 cm? or
=>40% of LA area) or variable size wall-
impinging jet swirling in left atrium

Large

Dense

Early peaking, triangular

Systolic flow reversal®

VC width (cm) <0.3 0.3-0.59 =0.6
R vol (mL/beat) <30 30-59 =60
RF (%) <30 30-49 =50
EROA (cm?) <0.20 0.20-0.49 =0.50
2 VIETNAM NATIONAL CONGRESS OF CARDIOLOGY
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Transthoracic
Doppler
echocardiographic
clues for
significant
mechanical MR

Zoghbi WA, et al. Recommendations for Evaluation
of Prosthetic Valves With Echocardiography and

%pEplesUItrasound. JASE Sep 2009. Doi:10.1016
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LVOT flow

24 4548 1 +/ 0/0/1
PW Depthz111mm
PW Gate= 5.0mm
PW Gain= -1dB

Prosthetic MV Jet

69 45d8 1 +/ 0/1/1
M CW Focus=129mm
CW Gain= 1dB

4.°

Pk Velocity= 2.2 m/s

VTI =42 ¢cm S
i a VTl = 0.159m
MG =7 mmHg

- -~
s | VTl =042m . MnPG = 1.8mmHg

59 MnPG = 7.0mmHg

TR Jet velocity

4548 1 -/ 0/ /1
CW Focus= 95mm
CW Gain= 1dB

o | Y =-353m/s
7 PG = 49.8mmHg

Vilpwy _42 _ 56

VTl o 16"
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Transthoracic
Versus
transesophageal
echocardiographic
and Doppler
Images In a patient
with severe
paravalvular MR

Zoghbi WA, et al. Recommendations for Evaluation
of Prosthetic Valves With Echocardiography and

[?EplesUItrasound. JASE Sep 2009. Doi:10.1016
N
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Transesophageal
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Ca lam sang

M3 M4
+61.

+ Vmax 214 crer_'
Vmean 111 cm/s
Max PG 18 mmHg
Mean PG 7 mmHg
VTI 31.2cm

-61.4
cm/s

BN nit, 43 tudi, md thay van 2 1a co hoc 2012, Chéan doan
VNTMNT gay h¢ canh van (2016)

Vmax= 2.1 m/s; Mean gradient= 7 mmHg e . mg's:;ssmcmmw
VC= 4.5 mm: EROA = 0.3 cm? L0018




Ca lam sang

Pat. T: 37.0 °C 3 Pat. T: 37.0 °C
TEE T de T8 4 TEE T: 37.8 °C

94 180,

Siéu am tim qua thuc qudn véi mat cat giiva thue quan:Sat van hai 1 sinh
hoc do VNTMNT. Bénh nhan nir 29 tuoi. A, van hai la sat (+). B, hai dong
ho canh van do van bi sut.
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Time = 0.304 sec |
VII=442cm

Max Vel = 274 cm/s
Mean Vel = 145 cm/s
Max PG = 30.0 mmHg
Mean PG = 10.7 mmHg

BN nit, 74 tudi, nhap vién vi thiéu mau. Chan doan: H& canh van 2 14 mic d6 trung binh/
Thay van 2 1a co hoc (2007) — Thiéu mau tan huyét do dong hé canh van.
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Két luan

* S1€u am tim co vai tro quan trong danh gia chirc nang van co hoc:
si€u am qua thanh nguc va si€éu am qua thuc quan.

e Lam thuong quy: sau can thi¢p, dinh ky va khi c6 tri¢u chirng

» Can phoi hop: 1am sang (thoi gian mo, loai van, kich thudc van),
hinh anh 2D, Doppler mau va cac thong s6 Doppler do dac duoc
va so sanh vo1 nhirng két qua trude do.

* Phuong tién khac ho tro: soi van, MSCT, MRI
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