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" Quantifying Mitral Regurgitation
| What are the Alternatives?
* Color jet area
—Pro: Easy, fast, helps assess mechanism
—Con: Impacted by BP, jet eccentricity,
instrumentation factors, only 3 or 4 grades
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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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Determinants of Jet Size
Wall jets are 58% smaller than equivalent central jets
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Central jets

y =.254x - 0.7
r =0.74, p<0.001
Wall jets

y =.054x + 2.6
r=042,p=NS
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Central jet MR firaction [%] Wall jet
(Cardiomyopathy) (AML override)

Chen, et al., Circulation 1991; 84; 712-720 I\ ,\N/lgrdtil(:'i":‘fsmrr




Color Doppler Instrumentation
Changes that Increase Jet Size

o fl Gain and power
« | Pulse repetition frequency

o Il Transducer frequency
— Frequency effect

« U Transducer frequency
— Attenuation effect

- U wall filter
« ! Ensemble length
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Impact of Color Gain

CD Gain =25 CD Gain = 56
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Impact of Velocity Scale

Nyéuist Limit = 69 cm/sec NjQuist Limit = 17 cm/sec
Viuin =4 cm/sec Vwin = 1 cm/sec
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‘How We Usually Grade Regurgitation

Trace Mild Moderate Severe

Can’t we do better????
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How Leaky IS That Valve?
Key Quantitative Concept

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

% X Mild: 0 - 20 mm?
U Moderate: 20 - 40 mm?
Severe: > 40 mm?
R volume EF ROA RTVI
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PISA??
What are the Alternatives?

» 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
BY,

Quantification of Stroke Volume
2D or 3D Volumetric Assessment

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

Stroke volume = 91 ml; ejection fraction = 61%
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Medicine



Quantification of Stroke Volume
2D or 3D Volumetric Assessment
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Calculation of Mitral Inflow
By Biplane Transesophageal
Echocardiography

Annular area = wtab/4

Stroke volume = TVI;, X Aya

Mitral annular velocity
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F
Why Aren’t Volumetric Methods Always Used’

Propagation of Errors
Subtracting two large numbers with an error that is

magnified as the root sum square of the individual errors

SV,y = 100£10 mL
SVivor = 60£10 mL

RV,,y = 40£14 mL

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

M Northwestern
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Automated Calculation of Cardiac OQutput
Apical Long-Axis View
SV=nfr v(r,t) dr dt

Profile
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Sun et al, Circulation 1997; 95: 932-939 l\edinine‘




Accuracy of ACM
Quantification of MR

MR Volume by ACM (ml) Differences in MR Volume (ml)

0 r=0.88
<jo)" Y = 0.88x+6.6

p < 0.0001
705 3 RV = 2.68+9.7ml
%0) n=51 >,
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0) 30
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Mitral Regurgitant Volume Average Regurgitant Velume by
by 2D-PW (ml) ACM andi 2D-PW! (ml)
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Sun et al. JACC 1998; 32:1074-82.

Mitral Regurgitation
nt Cument Peak

value (mL)

ERO 0.87 0.87 cm2
Peak Regulr Vol 142.45 142.45 ml
0 2

frame




T Assessment of Regurgitation
Pulmonary Venous Flow

Db R | g
"wvt‘li’\“l »J'w ﬂ"mﬂmlﬁg A ht

FI(m le\ er sal 87
BFH | BPM

Mild MR Severe MR
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F Quantification of MR
Limitations of Pulmonary Vein Patterns

1egurgltant Orifice Area (cm?)

Normal Blunted Reversed
Pulmonary Flow Patterns
Normal = mild; reversed = severe; blunted = anything

I\ Northwestern
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antification of MR
ena Contracta Diameter

itification of MR
a Contracta Diameter

Freq.: 1.6 MHz/3.2 MHz
FPS: 21.6

Depth: 18.0 ¢cm

Scale: 4.00 kHz

Freq.: 2.5 MHz

Limited by lateral resolution of ec[RY] Northwesterr
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Doppler Echocardiographic Assessment of
Valvular Regurgitation Severity by
Measurement of the Vena Contracta:
An In Vitro Validation Study
Julia Mascherbauer, MD, Raphael Rosenhek, MD, Barbara Bittner, PhD, Josefa Binder, MD,

Paul Simon, MD, Gerald Maurer, MD, Heinrich Schima, PhD,
and Helmut Baumgartner, MD, Vienna, Austria

Color Doppler overestimates
vena contracta by 130-160%

Dilference in ¥ C diameter (em) Doppler-Laser

X X ; ! Y J Northweste
JASE 2005; 18: 999 Gerade Ve dprata l\/Igrdiniere‘S gl

31

“’Adaptive Gain to Improve Vena Contracta
Underlying Principle

Optimal gain is 6 dB above threshold

Usual gain

6 dB gain

- ; Northwestern
Kozlowski et al. Ultrasound in Med & Biol 2018: 44: 1770-7 I\VI Medicine




Proximal Convergence Method
Underlying Principle

Proximal Flow
Convergence

Flow thru any isovelocity shell is
equal to instantaneous orifice ﬂom Northwestern

Medicine

Quantification of Regurgitation

Proximal Convergence Method
Practical Implementation

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

N

Flow: Q Q =2nrv
Orifice vel: vl ROA = Ql/v,

Comprehensive, but there’s an easier way.
I\ Northwestern
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Freq.: 1.6 MHz/3.2 MHz
FPS: 23.2

S cal
Freq.: 2.5 MHz

Medicine'

Freq.: 1.6 MHz/3.2 MHz
FPS: 23.2
Depth: 11.0 cm
Scale: 4.00 kHz
.1 2.5 MHz

Q =2nr*v =6.28 (1.0)? 62 = 389 ml/sec
ROA = Q/v,=389/550 = 0.7 cm? NV Northwesterr
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Measurement of Mitral ROA
Simplified PISA Formula

* Assume LV-LA Ap
is 100 mmHg

* Set aliasing velocity
to (near) 40 cm/sec

e Then ROA =r?/2

ROA =92/2 = 40 mm?

Pu et al., JASE 2001;14:180-5 Medicine

ROA by Simplified PISA Method: r?/2

ROA (cm?) by Simplified PISA Method

y=0.87x+0.02
r=0.99

n=51

p<0.001

(1X)
00 02 04 06 08 1.0 1.2 14 1.6

ROA (cm?) by Conventional PISA Method

Pu et al., JASE 2001;14:180-5 I\ Northwestern
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PISA Adjustments
Pitfalls and Refinements to Keep in Mind
1. Nonholosystolic MR

2. Contour flattening near orifice

3. Proximal constraint distorting
hemisphere

4. Noncircular orifice

I\ Northwestern
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PISA Adjustments
Pitfalls and Refinements to Keep in Mind
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
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Bad is this Regurgitation??
ear Old Woman Referred for Surgery

Map 3
150dBIC 3

9
PRF 2500 Hz
Flow Opt: Med V

Large jet, large proximal convergence zone
ROA ~ 0.6 cm? I\ Northwesterr
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But Only Briefly!
- Mitral CW Doppler

Col 76% Map 1 5 Freq 2.0 MHz
WF High 5 WF Low ]

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

Northwestern
Medicine’

Significant MR only in latter half of sKtole




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

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

Endpoints: death and CHF

HS vs LS: 4.99x more likely endpoints

Late systolic MR

lic mitral regurgitati
Holosystolic mitral regurgitati
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

Naii et al., JAHA 2015: 4: ¢001348 Medicine

What’s New in MR Quantification?

3D PISA Analysis!

I\ Northwestern
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Thavendiranathan et al, JACC Cardiovascular Imaging, 2012, 5(11):1161-75. Northwestern
Thavendiranathan et al, JACC 2012, 60(16): 1470-83 Medicine

A

Y=21+10x
P <0.001
=091

C

RVol (ml)

 ¥=-156 +1.09 X
r=0.99; P<.001

3-D Peak PISA

20 30 40 50 60
Flowmeter RVol (ml)

®Large Cre Bias 2.8
- LOA(250) £13.2mi

Rvol by 3D-TEE planimetry (ml)

50 100 150 200
Rvol by 3D-PISA (ml)

Flowmeter RVol - RT-VCFD
Peak PISA RVol (ml)

1 20 3 4 s 6 70 De Augustin JA et al, J Am Soc
Avon:;\t;lcl:;o;:.y:::;n:r and Echocardiogr. 2012 Aug;25(8):815-23
Thavendiranathan et al. Circulation

cardiovascular imaging 2013, 6(1): 125-33 Blblical degree Ofa('curac_}’?
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Does MR meet specific criteria for I

mild or severe MR? |
I

MR Probably Moderate

Intermediato Values: ] e
« Fial loaflet

{.. X * VCW 207em
b + PISA radus 2 1.0 cm at Nyquist 30-

40 cmy
Catrat farge jot > 50% of LA area
e Byiohe

24 Criteria
Definitely mid

Y

EROA 0.2-0.29 cm?
RVol 3044 mi
RF 30-30%
MR Grade i

3 spechc criteria
for sovere MR oc
oliptcal onfice

¥

24 Criteria
Defindety severo

Severe
MR

Indeterminate MR
I: Poor TTE quality o I N o U 3
TEE or CMR for quantitation

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

' JASE 2017; 30: 303-371

Journal of the American Society of Echocardiography 2017 30, 303-371DOI: (10.1016/j.ech0.2017.01.007)
ELSEVIER Copyright © 2017 American Society of Echocardiography

o

What About AR???

Ao | e e sl e | e
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SVevor = CSAyor * Vlyor SVyw, = CSAy * VT,
=0.785 * & y0r * VThyor =0.785 * &y, * VT,

Qprou = lestzl
A Vi=AV, %
(211r2) x Va = EROA x PkV,,. il

_Aortic regurgitation
, JASE 2017; 30: 303-371

Journal of the American Society of Echocardiography 2017 30, 303-371DOI: (10.1016/j.echo.2017.01.007)
ER Copyright © 2017 Ame| ociety of Echocardiography Medicine'

Quantification of AR
What are the Alternatives?

==> « Color jet area
== « Jena contracta
* AR pressure half-time
* Aortic flow reversal
==> « Pulsed Doppler and 2D difference methods
= « ACOM methods

=—» « Proximal convergence method

Many parameters similar to MR
I\ Northwestern

Medicine



http://www.elsevier.com/termsandconditions

Quantification of AR
What are the Alternatives?

* AR pressure half-time

I\ Northwestern
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AR Pressure Half-Time

11:43:38 am
3Vae 11Hz |.60 55dB 1 +/+1/1/1

H35MHz  180mm " CW Focus=114mm
CW Gain=  4dB

General
Pwr= 0dB

Medsts Ts17| Ml 562 msec

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

ks tore in progress
3 0:10:54]

SO T s

CD Pan A/f@)

Chronic Moderate AR

I\ Northwestern
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AR Pressure Half-Time

H35MHz  180mm

T1/ 0/ 0/vV:1
1/2 CD I

CD Gain = 52
Store in progress|
5:28

L= 0:1
-HR= 88bpm

i MWW

AT T

Acute Severe AR (endocarditi&ll
Northwestern
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AR Halftime vs RF
Contrasting Effect of ROA and SVR

Halftime [msec]

Xt

Regurgitant Fraction

0.4 0.5

Griffin et al Am Heart J 1991;122:1049-1056, Eur Heart J 199M ddartigwestern

Medicine




A

.‘ Quantification of AR
What are the Alternatives?

 Aortic flow reversal

I\ Northwestern
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Apical Five-Chamber View

11:37:19 am
. a 3vae 12Hz
. H35MHz  180mm

General
Pwr= 0dB
Mled=15 TIS=1.7

T1/-2/ 0/%V:1

o172
. CD Gain = 50

'
o 0:08:18

CD Pan &5/f@ OCD Pos/FED

AR of Unclear Severity ~ [\¥] Nerthwesterr

Medicine




F Aortic Arch Doppler

11:49:58 ¢

3vae 15 .60 50dB 1 +/+1/1/1

H35MHz 180 1 PW Depth= 60mm
PW Gate24559m
PW Gain= dB

Pwr=  0dB

Mled=1.6 TIS=

T1/-2/ 0/W¥:1

1/2 D:2.0M

" . CDGain= 50

Moderately severe AR

Northwestern
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3V2e
H3.5MHz

TR e ol A

AR of Unclear Severity

I\ Northwestern
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Aortic Arch Doppler

4:40:06 pm
1 /072

" HR= 88bpm

e

Severe AR

M Northwestern
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If I could have only one piece of data
regarding AR severity......

eeeeencdt would be an aortic arch
pulsed Doppler recording.

M Northwestern
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Quantification of AR
What are the Alternatives?

* Proximal convergence method

I\ Northwestern

Medicine'

Right Parasternal View

I\ Northwestern
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PISA in AR

Q =2nr?v =6.28 (0.8)> 38 = 150 ml/sec
I\ Northwestern
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Validation of AR PISA

y =0.76x+ 0.16
| r=093
20 p < 0.0001
SEE=2.7ml

AR Volume by Flow Probe

0 10 20 30 40

AR Volume by PISA

Shiota et al Am J Cardiol 1999; 83:1064-1068.
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w;tical Approach to Quantifying AR

Chronic Aortic Regurgitation by Doppler Echocardiography

* Yon; mid Does AR meet specific criteria of I Yos, seyere
mild or severe AR? l

T
Specific Criteria for Mil
. vc‘.;,. < 0,3':,,,“ AR | Intermediate Values: ’

*  Central Jet, width < 25% of AR Probably moderate
Lot

.30ty Fonsmsenss e nnassmaan. ]-------------------—-—; 2-3 criteria
~, Perform

refine assessment

24 criteria
y mikd
(quantitation not needed)

2 4 criteria
D

y severe
(may still quantitate)

RF 30-39%
EROA 0.10-0.19 em?
AR Grade Il

3 specific criteria
for savere AR
Severe

AR AR AR

= Indeterminate AR
s MWMMW;W&MMWL g
TEE or CMR for quantitation

> Beware of limitations of color flow assessment in eccentric AR jets; i of other p: s is advised

JASE 2017; 30: 303-371
. Journal of the American Society of Echocardiography 2017 30, 303-371DOI: (10.1016/j.echo.2017.01.007) R Northwestern

ELSEVIER  Copyright © 2017 American Society of Echocardiography Medicine

How About TR?

Incomplete TV closure with severe functional TR

I\ Northwestern

Medicine



http://www.elsevier.com/termsandconditions

Tricuspid vaive

Ventricular perspective Atrial perspective

Fau _ i
b |

TR Peak Velocity = 386 cm/s Alias Velocity = 32 cmis
VTl of jet= 109 cm Radius = 0.9cm

EROA=6.28*0.97* 32 /386 = 0.4cm’
RVol=0.4"* 109 =44 mL

JASE 2017; 30: 303-371
Journal of the American Society of Echocardiography 2017 30, 303-371DOI: (10.1016/j.echo.2017.01.007) R Northwestern

ELSEVIER  Copyright © 2017 American Society of Echocardiography
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Carcinoid

TV fixed in systole and diastole
with severe mixed TR/TS

I\ Northwestern
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Tricuspid Valve CW
Severe TR

Early peaking, triangular flow profile
Invalidates the simplified \Bernoulli equation
< | {

Medicine'

Can PISA be used in TR???
Yes, but...

American Heart Journal

fa ¥
w lume 127, Issue 5, May 1994, Pages 1354-1362

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

J.Miguel Rivera, MD & 2. b.<. 1 Pieter M. Vandervoort, MD # b ¢, Donato Mele 2 & ¢
Samuel Siu, MD # ®- ¢, Eleanor Morris & b ¢, Arthur E. Weyman, MD 2 ©- ¢
James D. Thomas, MD 2 & <. 2

Limited validation and experience
Contour flattening a bigger issue
Orifices can be bizarrely shaped

I\ Northwestern
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PISAin TR

Q =2nr’v=6.28 (1.3)237 = 393 ml/sec
ROA = Q/v,=393/300 = 1.3 cm?

But 37/300 is 0.12, so we’re underestimating by 12%

3D PISA in TR?

Eccentric jets
B
1 +110% = Y2006 + 140X
001 E 1=087; P< 001
<
z
i,
w
| I
2
I
s &
P .
. g
Tricuspid Regurgitation Fr— m m m - vy T w“
Measurement EROA by 20-PISA (cm?) EROA by 20-PISA (cm?)
C
"
=~ Y4002 +095X z ¥ =001 +103 X
""""" E 097 e 001 E | rosspcon
S u L
=
z .
o £
€
2 .
z . . x
S v ¥ o
2 - 4 ﬁ
© % 3
e =<
W o 2% o
P & &
F
T Y T T T O T T
EROA by 3D-PISA (cm?) EROA by 3D-PISA (cm’)

Again, biblical degree of accuracy?

I\ Northwestern
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De Augustin et al. JASE 2013: 28: 1063-72
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pols are Progressing Rapidly

) \ Northwestern
Clip courtesy of Helene Houle, Siemens Medicine’

at about systolic flow

“Usually” a pretty specific sign of severe TR

I\ Northwestern
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So how bad’s the TR here?

I\ Northwestern
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Not so bad

How come?

Northwestern
Medicine’
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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 ific Criteria for Severe TR
+ Thin, smell ceniral colorfet Minority of criteria or Intermediate Values: mmn“mmnmmu
*VC width <0.3 cm flad 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
= Systolic dominant Hepaticveinflow | Ve .| + PISA radius > 0.9 cm at Nyquist 30-40cm/s
* Tricuspid A-wave dominant inflow i Perform VC measurement, and May perform * Dense, triangular CW jet or sine wave pattern.
* Normal RV/RA i PISA method, whenever possible® ;| * Systolic reversal of Hepatic vein flow
(S TR e e e SR PR “| = Dilated RV with preserved function

VC width < 0.3 cm VC width 0.3-0.69 cm

*EROA <02 cm? *EROA 0.2 - 0.4 cm?

* RVol <30 mL *RVol =30 -44 mL

L midTR | [ Moderate TR |
[

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

JASE 2017; 30: 303-371
) Journal of the American Society of Echocardiography 2017 30, 303-371DOI: (10.1016/j.echo.2017.01.007) west
ELSEVIER  Copyright © 2017 American Society of Echocardiography Medicine
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And What of PR?

FR 14Hz

20cm

114/69

Actually, no one cares about PR

With ONE exception
I\ Northwestern
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evere PR s/p ToF Repair

The most severe PR is virtually inapparent by
color Doppler. Look at the CW Doppler

I\ Northwestern

Medicine




PR So Severe You Can’t See It!!

ISt thierlbest Way to
OnantifyrResursitations s




That’s all, Folks!
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