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Quantification of MR

e Defining the size of the “hole” in the valve is key,
along with the regurgitant volume (leak/beat)

e What is severe MR?
—Regurgitant orifice area > 0.4 cm2
—Regurgitant volume > 60 mL

e As of March, 2017, we use the same standard for
organic MR and functional MR but recognize
that lesser degrees of FMR adversely impact
survival than in primary MR.
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We Now Have Détente Between the Guidelines

Organic vs Functional MR

Organic MR: The valve makes the ventricle sick
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Organic vs Functional MR

Functional MR: The ventricle makes the valve sick

FR 16Hz
19em

LV Outflow Mitral Annulus

a

Early Systole e o Mid Diastole

il Annular Diameter [§8

Velocity- PW

SVivor = CSAwor * VThyor SV = CSAwy * VTl
. | =0.785 * 2y * VTl =0.785 * d?yy * Vi,
Flow Convergence Method ——} Holosystolic MR Late Systolic MR Early Systolic MR

Va PISA radius ()

Reg Flow = 2nr’x Va
EROA = Reg Flow/PKV,
R Vol = EROA X VTI, .

Terms and Conditions
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Quantifying Mitral Regurgitation

 Color jet area
—Pro: Easy, fast, helps assess mechanism

—Con: Impacted by BP, jet eccentricity,
instrumentation factors, only 3 or 4 grades

FR 13Hz
14cm

Factors Effecting Color
Doppler Jet Size

* Jet momentum
* Flow rate x velocity
* Record BP during examination

* Chamber constraint
* Eccentric jets only 40% the size of free jets

* Instrumentation

* Jet size directly related to gain, transmit power, ensemble
length

* Inversely related to pulse repetition frequency and wall filter
* Transducer frequency has variable effect
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Quantification of Jet Flow by
Momentum Analysis

An In Vitro Color Doppler Flow Study
Circulation 1990; 81: 247-259
James D. Thomas, MD, Chun-Ming Liu, MD, Frank A. Flachskampf, MD,

John P. O’Shea, MB, BS, Ravin Davidoff, MB, BCh, and Arthur E. Weyman, MD

L ‘ Velocity Momentum
( u(x.r);‘ | Profile Calculation
v(xr) ¢
\ ¢ = [u®aA |

(o4]
= 2'1Tf ur dr‘
r (6]

(Axisymmetric flow) |

) Orifice

} g
{ r
3 A | Area, A " M=JU2dA
0 A
—_ i = Aqul
e (Plug flow) ’
At jet orifice —_—

Determinants of Jet

Wall jets
y =.054x + 2.6
r=0.42,p=NS

Doppler jet area [cm?]

MR fraction [%]

Chen, et al., Circulation 1991; 84; 712-720
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This integral is expressible in closed form through a
series of substitutions. First, let £&=u,7.8%,/M yielding

[y —
JA=K J “E\/In(1/8) dé

where K=(2x7.8M)/(9.7u,")=12.5M/u,” and &=ux/

78Y/M that ranges from 0 to 1. Next, let v=

A/ In(1/8) yielding

JA=2K J e an

where ».=/In{1/&), which ranges from 0 for uncon-
strained jets o = for infinitesimally small receiving
chambers, This expression may be integrated by parts
(fu dv=uv—fv du) with u=y and dv=re~>" du:

JA=KVine 2+ (\/ 7AN/2) erfe(\/20)]*
Backsubstituting for », £ and K yields

D e
lAlM&,u:):%(ln \’/_)

[

ke Mcrl&[\/l(ln1ﬁw)”] (A3

X

played graphically in Figure 7 and
1.

Size




Color Doppler Instrumentation

« 1l Gain and power
« U Pulse repetition frequency

« fl Transducer frequency
— Frequency effect

« U Transducer frequency
— Attenuation effect

o J wall filter
« fl Ensemble length

Impact of Color Gain

:35:54 pm
& | TE-VSM 14Hz
= o mm

Lens Temp=36.9°C )
T1/-2/ 0/V:A / A T1/-27 0/¥:A
1/2 - = Y 172

CD Gein = 25 ) - CD Gain = 56
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Impact of Velocity Scale

12:38:37 pm|

12:38:4:
TE-V5M 16Hz{ .17 i =
=) oviz e ) \ J—‘ 7.0MH

=] 1:12:47
\_ HR= 99bpm

How We Usually Grade Regurgitation

<

Trace Mild Moderate
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How Leaky IS That Valve?

* Regurgitant orifice area (ROA)
* Actual size of the regurgitant lesion
* Fundamental parameter of valve integrity

R volume

PISA??

 Pulsed Doppler and 2D difference
methods
—Pro: Well validated, quantitative

—Con: Complex, multiple windows and
measurements, propagation of errors
compounded by subtraction
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Quantitative Hemodynamics
Mitral Regurgitation

Quantification of Stroke Volume

EF Biplane 61 %
LYEDY MOD BP 150 ml
LVESY MOD BP 59 ml

1 LVLs A2C 7.5 cm|
LVESY MOD A2C 60 ml
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Quantification of Stroke Volume

Calculation of Mitral Inflow
} By Biplane Transesophageal
| Echocardiography

Annular area = nab/4
Stroke volume = TVlys X Aya
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Why Aren’t Volumetric Methods Always Used?

SV, = 100+10 mL

SV yot = 6010 mL

RV, = 40+14 mL

95% CI for RV,,, = (10, 70) mL

Sun et al, Circulation 1997; 95: 932-939
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Accuracy of ACM

0 3880 y oL

g0 Y =0.88 x+ 6. 3 g o
% 5 <0.0001 . 20 [ ————— Mear+23D
70 2MRV= 2.68:9.7m /

50 n=51 oy

0 10 20 30 40 20 80 70 &0 €0
Average Regurgitant Volurne by
ACM ancd 2D-PW (rnl)

Sun et al. JACC 1998; 32:1074-82.

Mitral Regurgitation
M nt Current Peak

13.33 cm2
0.3;
31

164 m

0.87 cm2
Peak Regu'r Vol 142.45 142.45 m|

frame
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Assessment of Regurgitation

SV Angle 0°
Dep 17.7cm
Size 4.0 mm

SV Angle 0°
Dep 15.5¢m
Size 40 mm

Freq2.0 MHz

WF Low

Dop 78% Map 2

PRF 3731 Hz

Freq2.0 MHz

WF Low

Dop 83% Map 2
cmis PRF 3731 Hz

100

N ﬁ ‘ U1
‘w M mm‘ Wiy A "k it

% ] "W W'"W‘WM‘

BPM

Mild MR Severe MR

= cmis

1:07:52 Y

87
, BPM

Quantification of MR

Regurgitant Orifice Area (cm?)
1.8]

1.5]
1.2]
0.9]

0.6]
A

0.3] i

Normal Blunted Reversed

Pulmonary Flow Patterns

Pu et al. JASE 1999; 12: 736-743
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Quantification of MR

Freq.: 1.6 MHz/3.2 MHz
FPS: 21.6

Depth: 18.0 cm

Scale: 4.00 kHz

Freq.: 2.5 MHz
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Doppler Echocardiographic Assessment of
Valvular Regurgitation Severity by
Measurement of the Vena Contracta:
An In Vitro Validation Study

hD, Josefa Binder, MD,
na, PhD,

Julia Mascherbauer, MD, Rapha
Paul Simon, MD,
and Helm

5 °] Color Doppler overestimates
3 vena contracta by 130-160%
g v 2
=
£ o : ; *A:;‘ 7 +25D
g + :“‘f»"": R &
% oo a0 °,s
g - o 25D
% 2 AG
£ +WM
= 0,0

0,0 0,2 04 06 08 1,0

JASE 2005; 18: 999 Average YC diameter (cm)

Proximal Convergence Method

Proximal Flow
Convergence

Page 15



Proximal Convergence Method

Aliasing velocity: v (= 42 cm/s)  ¢m/s,,
Aliasing radius: r

Assessment of MR by Proximal Convergence

Freq.: 1.6 MHz/3.2 MHz
FPS: 23.2

Depth: 11.0 cm

Scale: 4.00 kHz

Freq.: 2.5 MHz
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Assessment of MR by Proximal Convergence

Freq.: 1.6 MHz/3.2 MHz
FPS: 23.2

Depth: 11.0 em

Scale: 4.00 kHz

Freq.: 2.5 MHz
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Measurement of Mitral ROA

» Assume LV-LA A4p

Is 100 mmHg

« Set aliasing velocity

to (near) 40 cm/sec
* Then ROA =r2/2

Puetal., JASE 2001;14:180-5

ROA by Simplified PISA Method: r?/2

ROA (cm?) by Simplified PISA Method

1.6
1.4
1.2]
1.07
0.8]
0.6]
0.4]
0.2]

y=0.87x+0.02
r=0.99

n=51
p<0.001

0.0

00 02 04 06 08 10 12 14 16

ROA (cm?) by Conventional PISA Method

Pu et al., JASE 2001;14:180-5
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72 yo Man with MR post IPMI

3v2c
H35MHz | 160mm

|
T1/ 0/ 0/¥lA
1/2

" CDGain=5
o 1
|

OCD TR/ Size

Simplified PISA Method

1. Optimize view of proximal
convergence zone from apex
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Simplified PISA Method

9:51:12 am
3v2e | 20Hz
H3SMHz | 160mm

|
T1/ 0/ O/¥lA

2CD Pos/FED

Simplified PISA Method

Res Box
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Simplified PISA Method

it ‘
H3.5MHz

R62mm

PISA Adjustments

1. Nonholosystolic MR
2. Contour flattening near orifice

3. Proximal constraint distorting
hemisphere

4. Noncircular orifice
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PISA Adjustments

1. Nonholosystolic MR

Dynamics of Mitral Regurgitant Flow
and Orifice Area

Physiologic Application of the Proximal Flow Convergence

Method: Clinical Data and Experimental Testing

Circulation 1994; 90: 307-322
Ehud Schwammenthal, MD; Chunguang Chen, MD; Frank Benning, BS; Michael Block, MD;
Giinter Breithardt, MD, FESC, FACC; Robert A. Levine, MD, FACC

How Bad is this Regurgitation??

Fr Rate:High

Col 76% Map 1
WF High

PRF 2500 Hz
Flow Opt: Med V
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But Only Briefly!

Fr Rate:High

Col 76% Map 1 i - Freq 2.0 MHz
WF High : z WF Low

PRF 2500 Hz F 8 L s Dop 66% Map 3
Flow Opt: Med V PRF 25000Hz

Impact of Duration of Mitral Regurgitation on Outcomes in
Asymptomatic Patients With Myxomatous Mitral Valve Undergoing
Exercise Stress Echocardiography

Peyman Naji, MD; Fadi Asfahan, MD; Tyler Barr; L. Leonardo Rodriguez, MD; Richard A. Grimm, MD; Shikhar Agarwal, MD, MPH;
James D. Thomas, MD; A. Marc Gillinov, MD; Tomislav Mihaljevic, MD; Brian P. Griffin, MD; Milind Y. Desai, MD

e 609 pts w/ > 3+ MR (122 late systolic)
All underwent stress echocardiography
Late MR pts were younger and more
likely female

e Endpoints: death and CHF

e HSvsLS: 4.99x more likely endpoints

1
%)
2
c
o
>
w
3
8
2 06
E
o
o
E
o
-
E
=)
°
o
@
—
w

04

0.2

------- Mid to late systolic mitral regurgitation
——Holosystolic mitral regurgitation
00 Log-rank statistic 8, p-value 0.004

T T T T T T T
000 200 400 600 800 10.00 12.00
Follow-up (years)

Naji et al., JAHA 2015; 4: 001348
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PISA Adjustments

2. Contour flattening near orifice

Impact of Finite Orifice Size on Proximal
Flow Convergence

Implications for Doppler Quantification of
Valvular Regurgitation

Leonardo Rodriguez, Joseph Anconina, Frank A. Flachskampf, Arthur E. Weyman,
Robert A. Levine, and James D. Thomas

Circ Res 1992; 70: 923-30

Computational Fluid Dynamics Aids Analysis

Conventional PISA
Q =2nr?v,

Flow underestimated by v./v,
(e.g., 8% for 40 cm/sec contour and 5 m/sec jet)

Rodriguez et al. Circ Res 1992; 70: 923-30
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PISA Adjustments

3. Proximal constraint distorting

hemisphere

Validation of the Proximal
Flow Convergence Method
Calculation of Orifice Area in Patients With Mitral Stenosis

Leonardo Rodriguez, MD; James D. Thomas, MD; Victor Monterraso, MD;
Arthur E. Weyman, MD; Pamela Harrigan, RDCS;
Licia N. Mueller, RDCS; Robert A. Levine, MD

Rodriguez et al. Circulation. 1993;88:1157-65.

Quantification of Mitral Regurgitation by the Proximal Convergence
Method Using Transesophageal Echocardiography
Clinical Validation of a Geometric Correction for Proximal Flow Constraint

Min Pu, MD, PhD; Pieter M. Vandervoort, MD; Brian P. Griffin, MD;
Dominic Y. Leung, MBBS, MRCP, FRACP; William J, Stewart, MD;
Delos M. Cosgrove lll, MD; James D. Thomas, MD

Pu et al., Circulation 1995; 92: 2169-2177.
Impact of Wall Constraint on Velocity Distribution in Proximal Flow
Convergence Zone
Implications for Color Doppler Quantification of Mitral Regurgitation

MIN PU, MD, PIETER M. VANDERV{ORT. MD, NEIL 1. GREENBERG. MS.
KIMERLY A. POWELL, PuD, BRIAN P. GRIFFIN, MD. FACC. JAMES D. THOMAS. MD. FACC

Cleveiund, Ohio

Pu et al.,, JACC 1996; 27: 706-13.

PISA Pitfalls

2.5-2.8-M
@2 DEC
@9:44:26
FROC 2~B~C~E~A

92

Pu et al., Circulation 1995; 92: 2169-2177.
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Angle Correction for Constrained Flow

s Proximal Convergence (cm?)

Uncorrected
25 Corrected
2_
157 7 y,=1.41x +0.30
Ve o r=0.87
1 / A ROA=0.54 +0.31 cm
y,=0.92x + 0.18
0.5—/ r=0.92 :
’.,.' AROA=0.14+0.14 cm? &
0= T T T T T
0 0.5 1 15 2 25 3

Thermodilution-Doppler (cm?)
Pu et al., Circulation 1995; 92: 2169-2177.

PISA Adjustments

4. Noncircular orifice
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Valvular and Congenital Heart Disease

Geometry of the proximal isovelocity surface area in
mitral regurgitation by 3-dimensional color Doppler
echocardiography: Difference between functional
mitral regurgitation and prolapse regurgitation

Yoshiki Matsumura, MD, Shota Fukuda, MD, Hung Tran, RDCS, Neil L. Greenberg, PhD, Deborah A. Agler, RDCS,
Nozomi Wada, MD, Manatomo Toyono, MD, James D. Thomas, MD, and Takahiro Shiota, MD Cleveland, OH

Functional mitral regurgitation Prolapse regurgitation
ROA highly elongated in FMR, more focal in MVP

Matsumura 'y, et al. Am Heart J 2008;155:231-8

What is the impact of orifice
shape on PISA accuracy?
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Flow Through 5:1 Ellipse

00

100 5.00

30 3.00
20 2.35
15 1.97
12 1.80
8 1.54
5 1.31
3 1.19
2 1.12
AHA abs 1 1.06
Manuscript under review 05 1.02

Impact of Noncircular Orifices

40% T T T
Orifice Aspect Ratio=10 :
8 Orifice Aspect Ratio=5 ——— 10:1
= Orifice Aspect Ratio=3 ——
O 35% - Orifice Aspect Ratio=2 ———
f_; Orifice Aspect Ratio=1 m——
o -
S a0% ~__Minor impact to:3:1 shape
2
5 259 5!
@
% /
‘g 20%
5 / o
g 15%
£ 3:1
2 10%
o p—
© —
B __.-‘/
2 5o
c ° 7
& 1 Circle
0% —
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Valvg

Page 28



What’s New in MR Quantification?

Proximal Isovelocity Surface Area

Thavendiranathan et al, JACC Cardiovascular Imaging, 2012, 5(11):1161-75.
Thavendiranathan et al, JACC 2012, 60(16): 1470-83
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Proximal Isovelocity Surface Area

Y=21+1.0x -
70 1 p<0.001
< 60 r=091
@
EE 50 C
T3 40 =
§£ 30 % i Y=-1.56 +1.09 X
e 20 < 200 r=0.99; P< 001 5
10 g o
0 £
10 20 30 40 50 60 % 150 |-
Flowmeter RVol (ml) w oo
i}
= 100
a 50 (a] o
éf 40 | Sare E‘oa:i;;;:lnz,zml ‘:. 50 |
B 307 | lmacee o
3 2] 3
2z 10 - 250 2 Oh | L .
55 0 o ". LA N 0 50 100 150 200
€3 01 e Rvol by 3D-PISA (ml)
o
[y =30 T T T T T T T
B 0 10 20 30 40 50 60 70 De Augustin JAet al, J Am Soc
A f RVol by Fi d i . . "
S rD Faas P‘g‘:‘(‘:“l’; - Echocardiogr. 2012 Aug;25(8):815-23
Thavendiranathan et al. Circulation b| | d f o
cardiovascular imaging 2013, 6(1): 125-33 Biblical degree of accuracy

Practical Approach to Quantifying MR

I Chronic Mitral Regurgitation by Doppler Echocardiography |

Yos, mid Does MR meet specific criteria for | Yes, severe
% mild or severe MR? | l"
T

Intermediate Values:
R v-nn;n‘ MR | MR Probably Moderate | S Cilrator Severa MR
+ VOWs03cm 23 i 23 [ vew=207cm
- PiSAradiussbsentor £08cmat | 4 ooooocoooomeoeaoeae N " + PISA radius 2 1.0 cm at Nyquist 30-
Nyt 3040 s arteria_£=o-eee 1 ciiteria n
« Mitral A wave dominant inflow L AIHIANVE MathoNs Whang B 3 - Central large jet > 50% of LA area
« Softor incomplete jet by CW Doppler + Puimonary vein systoic flow reversal
+ Normal LV and LA size + Enlarged LV with normal function
— v L L v o
Deﬁm;:,y'mi:d EROA <02 cm? EROA 0.2-0.29 cm? EROA 0.30-0.39 cm? EROA 2 0.4 c? 24 Critorla
RVol < 30 ml RVol 30-44 ml RVol 45.59 ml RVol 260 mi | Definitely severe
RF < 30% RF 30-39% RF 40-49% RF 2 50%
MR Grade | MR Grade Il MR Grade Il MR Grade IV
3 specific ciiteria
for severe MR or
elliptical orifice
Mild Moderate Severe
MR MR MR

I- Poor TTE qualy orlow confidence in measured Doppler parameters I 5 udeterminate MR
- sl et TEE or CMR for quantitation

* | Beware of underestimation of MR severity in eccentric, wall impinging jets; quantitation is advised
o All values for EROA by PISA assume holosystolic MR; single frame EROA by PISA and VCW overestimate non-holosystolic MR
1 | Regurgitant volume for severe MR may be lower in low flow conditions.

JASE 2017; 30: 303-371

Terms and Conditions
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What About AR???

Map 3
150dBIC 3
Persist Low
2D OptHGen
Fr Rate:High

Col 84% Map 1
WF High

PRF 3000 Hz
Flow Opt: Med ¥V

LV Outflow Mitral Annulus

Early Systolets N Mid Diastole

Annular Diameter §8

Velocity- PW

SVivor = CSAwor * VTlyor SViy = CSAuy * VTl
=0.785 * o1 * VTlyor =0.785* dyy * VTl

Qprm( = Qdistal
A Vi=A VY,
(2mr?) x Va = EROA x PkV,g

Terms and Conditions
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Quantification of AR

= « Color jet area
=% « \ena contracta
* AR pressure half-time
* Aortic flow reversal
==« Pulsed Doppler and 2D difference methods
= « ACOM methods
= « Proximal convergence method

Many parameters similar to MR

Quantification of AR

* AR pressure half-time

Page 32



AR Pressure Ha

CD Pan A/f@)

If-Time

11:43:38 am
3v2e 11Hz |.60 55dB 1 +/+1/1/1
H35MHz  180mm CW Focus=114mm
CW Gain=  4dB
General
Pwr=  0dB
Mled=15 TIS=1.7

T1/-2/ 0/W:1
o2
. CD Gain = 50

Store in progress|
(ol 0:10:54

HR= 52bpm

OCD Pos/HIT

AR Pressure Half-Time

S tore in progress|
. = 0:15:28
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H3.5MHz

T1/ 0/ 0/WV:1
1/2
CD Gain = 52

-HR= 88bpm

OCD [TX/ Size



AR Halftime vs RF

Halftime [msec]

400

300

200
0.3 0.4 0.5 0.6 0.7

Regurgitant Fractior

Griffin et al Am Heart J 1991;122:1049-1056, Eur Heart J 1994; 15: 681-685.

Quantification of AR

» Aortic flow reversal
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Apical Five-Chamber View

11:37:19 am
Ve 12Hz
H3.5MHz  180mm

General
Pwr= 0dB
Mled=15 TIS=1.7

T/-2/ 0/¥¥:1
i 1/2
. €D Gain = 50

Store in progress|

CD Pan /e OCD Pos/HI

Aortic Arch Doppler

11:49:58 ¢
3vee 15 60 50dB 1 +/+1/1/1
H35MHz 180 1 PW Depth= 60mm
PW Gate-245%Rm
PW Gain= AdB
Pwr= 0dB
Micd=16 TIS=

T1/-2/ 0/W:1 |
1/2 D:2.0

" . CDGain= 50

CD Pan A/f@) OCD [TX/ Size
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Apical Five-Chamber View

T1/ 0/ 0/%V:1

172 D:2.5MH2]
CD Gain = 52

.
.= 0:15:28

-HR= 88bpm

CD Pan /1@

Aortic Arch Doppler

3
H3.5MHz

T1/ 0/ 0/¥¥:1
1/2
CD Gain = 54

Store in progress
= 0:13:56}
" HR= 88bpm
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If I could have only one piece of data
regarding AR severity......

eeeesdt would be an aortic arch
pulsed Doppler recording.

Practical Approach to Quantifying AR

I Chronic Aortic Regurgitation by Doppler Echocardiography |

* Yesmild Does AR meet specific criteria of |
mild or severe AR? l

Yes, severe
*

v

I Soe s
mmgnm" AR Intermediate Values: . mc‘fm for ~_
Central Jet, width < 26% of AR Probably moderate « VCwidth >0.6 cm
Lvor ) T | * Central Jet, width 2 65% of LVOT
= Smallor no flow convergence 2-3criteria ym-----m=-mmm oo ====-=d-=--m----------------=2 2.3cfiteria | « Large flow convergence
+ SoftorincompletejetbyCW | 5 Perform to | « PHT <200ms
«  PHT > 500 ms 1 refine assessment ' *  Prominent holodiastolic flow
«  NommalLV size ] e e e o T S I reversal in the descending aorta
\[ l * Enlarged LV with normal function
2 4 criteria teri:
'/_ l 24 crit
y P fintively. mad \l' \ll ‘J/ \1' D ity severe
(quantitation not needed) RVol <30 mL RVol 30-44 mL. RVol 45-59 mL RVol 2 60 mL (may still quantitate)
RF < 30% RF 30-39% RF 40-49% RF 2 50%
EROA <0.1 cm? EROA 0.10-0.19 cm? EROA 0.20-0.29 cm? EROA 20.3 cm?
AR Grade | AR Grade Il AR Grade /Il AR Grade IV
3 specific criteria
for severe AR
Mild Moderate Severe
AR AR AR
Indeterminate AR
: mmmuweﬂmmmm% } : ke i
TEE or CMR for quantitation
Beware of limitations of color flow assessment in eccentric AR jets; ion and i ion of other is advised

JASE 2017; 30: 303-

371

Terms and Conditions
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How About TR?

Freq.: 1.6 MHz/3.2 MHz
FPS: 54.4
Depth: 13.0 cm

Tricuspid valve Mild TR Severe EccentricTR  Severe Central TR

Ventricular perspective Atrial perspective

—

TR Peak Velocity = 386 cm/s. Alias Velocity = 32 cm/s
VTI of jet= 109 cm Radius = 0.9 cm

EROA=6.28 * 0.9°* 32 /386 =0.4cm’
RVol=0.4 * 109 = 44 mL

JASE 2017; 30: 303-371

Terms and Conditions
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Carcinoid

10:37:38 am
Ve
H3.5MHz

General . T General
Pwr= 0dB MI=1.6 . . Pwr=  0dB
/ Mied=1.9 TIS=1.8
. 70dB 51/+1/0/4 , ] .
. Gain= 1dB  a=2 . . T/-17 07w
. 1/2

Store in progress] J . CD,Gain = 47

[ 0:32:06 . 3 .

HR= B0hpm . .
. . E= 0:32:01

HR= 79bptn .

-'\..r’ .J]J.;-‘\_f‘vvn/‘*..f—’\.jl,‘”'\ ’"\-Jl -'”\,'-—’\.4 e J—’L«!Lf'“.,-“\.J JL/'\_.—P’LA’,—

CD Pan /\/[@) OCD I8/ Size

Apical 4-Chamber

10:49:10 am

60 18297 . . & 3vVee 18Hz
. . H35MHz  160mm

General
Pwr= 0dB
Mled=19 TIS=1.8

T1/-1/ 0/¥¥:1

a2
CD Gain = 47

Store in progress
E | 0:41:25

HR= 78bpm.

OCD Pos/RFE
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Tricuspid Valve CW

10:49:20 am
Ve

50 3IBAR73 +/+1/1/2
H3.5MHz  160mm

1 Cysbocus= 95mm

CW Gain= 0dB
General

oMl Tv=26mss : « ' Mied=19 TIS=0.8
60 |PG = 29.0mmHg

Early peaking, triangular flow profile
Invalidates the simplified Bernoulli equation

20/C0/ 1T Delete Set Lock Set

Severe TR

Fr Rate:High
Freq 2.0 MHz

WF Low
Dop 64% Map 3
PRF 14286Hz

220 | emis

2.3mls
21.2mmHg

Brnuli quation
M dv/dt R(V)

Inertial Viscous
Component Dissipation
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Hepatic Vein Flow

11:03:02 am

60 FBARTZ «/+1/1/2 s, 3v2e Ssec
. .. H35MHz  180mm

Pyshepth=106mm
PW Gate= 5.0mm . .
PW Gain=  4dB . General
L h, Pwr= 0dB
: Mled=1.9 TIS=1.3

- 3 Store in progress|
olic flow reversal &5 0:52:53

b _..."I || Sweep=100mm/s

L
&n‘w,.
| i \ i
I 5-."" .H'T

Can PISA be used in TR???

American Heart Journal AH]J

ue S, May 1994, Pages 1354-1362

Quantification of tricuspid regurgitation by means of the
proximal flow convergence method: A clinical study

Pieter M. Vandervoort, MD * ® ¢, Donato Mele = ®-
b ¢ Arthur E. Weyman, MD * & ¢

« Limited validation and experience
« Contour flattening a bigger issue
« Orifices can be bizarrely shaped
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0dB/IM: 0.6
ITT;0571T0:05
82 mis

De Augustin et al. JASE 2013; 28: 1063-72

PISAIn TR

3D PISA

4z1
21vps 110m
RISAV RATE: Fiujo ge

lanimetry (cm?)

Tricuspid Regurgitation

Measurement
PISA 487 cm2

ERO 057 cm2
Aliasing Velocity 028 mis

EROA by 3D-planimetry (cm?)

Page

in TR?

Central jets Eccentric jets
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EROA by 3D-PISA (cm?)
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3D Tools are Progressing Rapidly

Clip courtesy of Helene Houle, Siemens

What about systolic flow

reversal in the hepatic veins?
Zisich :“.2:_2 o pi:2MHz|
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So how bad’s the TR here?

50mmis

71bpm

Not so bad
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. & WM SINUSRIYTI
PR intervl 176 ms  NONSPECIFIC INTRAVENTRICULAR CONDUCTION DELAY
S dursicn 14 m

or 424 m

PRT axes o 4

T SEGMENT IN INFERIOR LEADS
TVAVE AMPLATUDE HAS DECREASED I LATERAL LFADS
Techmician:LINDA VALDIVIA

et EREPEAT RIVTHM EVAL

Baseline EKG: SR

Refersedby: Conliemed By; MARLA MENDELSON MO

o m

% m

wlo oe O S PACLD Sk

Y15 B RWAVER) AMPLTTUDE 1S (HAVE) DECKEASED IN V2
ALTERED PRECORDIAL LEAD FLACEMENT

i
ABLECY) DUE TO

TechnickanJASON GODINES.
Test ind Other (pesify i commens)

Referred by: PETER SPORN MO,

EKG on day of echo: Junctional T

Retrograde P-waves :

Cannon A-waves T
t

u E
H
HAc A A oA
Chronic Tricuspid Regurgitation by Doppler Echocardiography |
Yes, mild Does TR meet most specific criteria I Yes, severe
for mild or severe TR? l
No
Specific Criteria for Mild TR Specific Criteria for Severe TR
* Thin, small central color jet Minority of criteria or Intermediate Values: » Dilated annulus with no valve coaptation or
* VC width <0.3 cm flail leaflet
« PISA Radius <0.4 cm at Nyquist 30-40 cm/s TR Probably Moderate + Large central jet > 50% of RA
« Incomplete or faint CW jet J] * VC width > 0.7 cm
. Systoﬁc. dominant Hepflﬁc veinflow | Ve .| * PISA radius > 0.9 cm at Nyquist 30-40cm/s
» Tricuspid A-wave dominant inflow | Perform VC measurement, and May perform || * Dense, triangular CW jet or sine wave pattern.
* Normal RV/RA : PISA method, whenever possible* || * Systolic reversal of Hepatic vein flow
b e e e o oo e Dilated RV with preserved function
VC width < 0.3 cm VC width 0.3-0.69 cm VC width > 0.7 cm
* EROA < 0.2 cm? *EROA 0.2 - 0.4 cm? *EROA > 0.4 cm?
*RVol < 30 mL * RVol = 30 - 44 mL *RVol 245 mL

——>{IMiaTRY|

Moderate TR

I~ Poor TTE quality

-

lndmrminahTR
tzacn'uqmm

* | Clinical experience in quantitation of TR is much less than that with mitral and aortic regurgitation

JASE 2017; 30: 303-371

Terms and Conditions
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Contimed By; JAMES ROSENTHAL MO.


http://www.elsevier.com/termsandconditions

And What of PR?

FR 14Hz
20cm

114/69

Severe PR s/p ToF Repair

F§2DHZ + Vel 192cmis
12cm PG 15 mmHg
2
5
[

--100

--200

100mm/s

82bpm
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PR So Severe You Can’t See It!!

PISA

Is It the Best Way to

Ouantify Regurgitation??

rse!
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