Aortic Regurgitation

Evaluation by 2-D and
Doppler Echocardiography
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Etiology of Aortic Regurgitation

Valvular
Chronic Acute
* Degenerative/calcific * Infective endocarditis
° Bicuspid aortic valve e Traumatic

* Infective endocarditis
°* Prosthetic valve failure
* Rheumatic fever

° Inflammatory (RA, SLE, Crohn’s,
Whipple, Ankylosing Spondylitis)

° Congenital (subAo Stenosis, VSD)
° Myxomatous disease

° Drug induced
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Bicuspid Aortic Valve
and Aortopathy
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Congential Subaortic Stenosis
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Rheumatic Aortic Valve Disease
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Infective Endocarditis
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Etiology of Aortic Regurgitation
Ascending Aorta

Chronic Acute
° Degenerative °* Type A dissection
°* Hypertension * Type A aortic

» Bicuspid aortopathy Intramural hematoma

°* Traumatic
° Collagen vascular

disease (Marfan, Loeys Dietz,

Ehlers Danlos Syndromes)

° Inflammatory

(Reiters, Behcets, ankylosing
spondylitis, relapsing polychondritis,
psoriatic arthritis, giant cell arteritis)
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Ascending Aortic Aneurysm
Marfan Syndrome
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Ascending Aortic Aneurysm
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Ascending Aortic Aneurysm
Marfan Syndrome
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Type A Aortic Dissection
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Initially Asymptomatic Aortic Regurgitation
Events: Heart Failure, New AFib, Cardiac Death

80 7 Quantitative Doppler
= Mild AR
=== | oderate AR

60 - — Severe AR +8

47+7
Cardiac P<0.0001
event rate 40 1 3446
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20 2148
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Aortic Regurgitation: Semiquantification
Color Flow Doppler

Parasternal Short- Axis

LVOT Area

Regurgitant
Jet Area

Jet / LVOT
Area

Oh JK et al: The Echo Manual; 3" Edition
(g Mavo cic Perry GJ, et al JACC 1987



Aortic Regurgitation: Semiquantification
Color Flow Doppler

Parasternal Long- AXis

Jet / LVOT
Height

Oh JK et al: The Echo Manual; 3" Edition
(g Mavo cic Perry GJ, et al JACC 1987



Aortic Regurgitation: Semiquantification
Color Flow Doppler

Jet/LVOT Jet/LVOT

Severity Area (%) Height (%)
Grade | <5 <25
Grade |l 5-24 25-46
Grade Il 25-59 47-60

Grade |V >60 260

() Mavo cLNic Perry GJ, et al JACC 1987



Quantitation of
Aortic Regurgitation

Continuity Method
Pulsed-Wave Doppler




Doppler Quantitation: Volume

Time Velocity Integral (TVI)

Flow ‘

Area

Stroke Volume = =(D/2)?x TVI =0.785 D? x TVI



Doppler Quantitation of AR
Continuity Method




Doppler Quantitation of AR
Continuity Method

Diastole Systole




Quantitation of AR by the Continuity Method
Step 1: Calculate LVOT Stroke Volume

ox[l

LVOT TVI LVOT
Area stroke
volume



Quantitation of AR by the Continuity Method
Step 2: Calculate MV Stroke Volume

MV MV TVI MV
Area at stroke
annulus volume



Quantitation of AR by the Continuity Method
Step 3: Calculate AR Volume

LVOT Regurgitant
stroke stroke volume
volume volume



Doppler Quantitation of AR
Continuity Method

- J
Y

AR Time Velocity Integral (TVI)
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ERO

AR Volume




Quantitation of AR by the Continuity Method
Step 4: Calculate ERO

AR Volume

ERO




Quantitation of AR by the Continuity Method
Step 5. Calculate Regurgitant Fraction (RF)

AR Volume

LVOT
Stroke
Volume




61 y/o Female: Dyspnea and heart failure
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61 y/o Female: Dyspnea and heart failure
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LVOT Diameter = 2.4 cm
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LVOT TVI =34 cm
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Step 1: Calculate LVOT Stroke Volume
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Zoom MV
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MV Annulus = 3.1 cm
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MV Annulus TVI =9 cm

Sample volume at mitral annulus, not leaflet tips
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Step 2. Calculate MV Stroke Volume

PPPPPPP

G
s

MV Annulus =3.1cm MV Annulus TVI =9 cm

MV

Stroke = 0.785(3.1cm)?2 x 9cm
Volume

= 68cm?3
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Step 3. Calculate AR Volume

.II i '
LVOT Stroke MV Stroke AR
Volume Volume Volume

154cms - 68 cm?3 86 cm?



Step 4. Calculate Regurgitant Fraction (RF)

i
Aortic AR Volume 86 cm?3
RF — — = 56%

i 154 ¢cm3

LVOT
Stroke
Volume




AR Peak Velocity 490 cm/sec; TVI =223 cm
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Step 5. Calculate AR ERO

o
E ffective volume
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Quantitation of Aortic Regurgitation
Continuity Method: PW Doppler

Mild Moderate Severe

AR Volume

- - >
cmibeay <30 30-44  45-59 260

Regurgitant

: - - >
Fraction (%) <30 30-39 40 - 49 2 50

ERO (cm?) <010 0.10-0.19 0.20-0.29 = 0.30

Zoghbi WA, et al. J Am Soc Echocardiogr 2003; 16: 777
(g MAOLINIE Nishimura RA, CM Otto, et al. JACC 2014; 63: e57



Quantitation of Valvular Regurgitation
Continuity Method: PW Doppler
Potential Pitfalls

° Incorrect Doppler alignment to flow (6 > 20°)

° Incorrect sample volume placement
(Place at annulus, not leaflet tips)

* Incorrect annular measurement: (error)?,
Mitral annular calcification (MAC)

° Failure to trace modal velocity (especially MV)
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Quantitation of Valvular Regurgitation
Continuity Method: PW Doppler
Potential Pitfalls

°* Geometric assumptions of circular annulus
(LVOT - good, MV - fair, TV - poor )

° Mitral regurgitation > mild

°* Arrhythmia; Inadequate data averaged
(use at least 5-8 cycles for Afib)



Quantitation of
Aortic Regurgitation

PISA Method
Color and CW Doppler




Conservation of Mass/Volume
Flow Convergence

FIOW From Ao

FIOW |60 Lv




Flow Convergence

P roximal
| sovelocity

S urface
A rea

V,r = 400 cm/sec



Quantitation of MR: PISA Method

Flow
A0 VAIias From Ao

= FIoW |10 Lv

= Areap;sp X Vajias

=21 X R2 X VAIias

— 628 X R2 X VAIias

@ - Effective Regurgitant Orifice (ERO)



61 y/o Female: Dyspnea and heart failure

PHILIPS 06/08/2008 08:01:48AM TIS2.3 MI 1.1
55-1/Mayo Adult
FR 19Hz M3 M4
14ecm , o
;s ® r
2D -
46%
C 50 o :
P Low .
HPen -
CF ;
73% : .
2 5MHz ;
\,:‘VFdHigh - : .
e . -
- -*10
o] - X
® N\ R = 1.
14 28
N g
JPEG
J 63 bpm

W MAYO CLINIC



W MAYO CLINIC

No color baseline shift
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Aliasing velocity 50 cm/s
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Aliasing velocity 40 cm/s
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PISA R =0.9 cm; Aliasing velocity 40 cm/sec
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PISAR =0.9cm;

Aliasing velocity 40 cm/sec
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Step 1. Calculate proximal AR flow

06/08/2009 08:05:12AM TIS2.2 MI 1.1

25MHz
WF High
M

Flow,z = Area pgp X VeloCityajas
=21 X R? X Vjjias

= 6.28 X (0.9 cm)? x 40 cm/sec

Flow,, = 203 cm?/sec
S



AR Peak Velocity 490 cm/sec; TVI =223 cm
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Parasternal long-axis view

Mean PG 59 mmHg
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Step 2: Calculate the aortic ERO
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Step 3: Calculate AR volume
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Locating the Color Flow Convergence

°* Zoom region of interest
(Decreases error of radius measurement)

* Shift color Doppler baseline in the
direction of the regurgitant jet

* Baseline shift to obtain an optimal
hemispheric flow convergence signal
for PISA measurement

°* Time the radius measurement to
coincide with the peak AR velocity by

CW Doppler
—



Quantitation of Aortic Regurgitation
PISA Method: Color and CW Doppler

Mild Moderate Severe

AR Volume

- - >
cmibeay <30 30-44  45-59 260

ERO (cm?) <0.10 0.10-0.19 0.20-0.29 =0.30

Zoghbi WA, et al. J Am Soc Echocardiogr 2003; 16: 777
(g MAOLINIE Nishimura RA, CM Otto, et al. JACC 2014; 63: e57



48 y/o Farmer: Asymptomatic
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Aortic root=5.1 cm
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48 y/o Farmer: Asymptomatic
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Aliasing velocity 39 cm/sec
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PISA R =0.9 cm; Aliasing velocity 39 cm/sec
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AR Peak Velocity 535 cm/sec; TVI=310cm
Parasternal long-axis view
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Step 1. Calculate proximal AR flow

08/12/2009

ZZZZZZ
14cm

Flow,r, =Area psa X VeloCity pjias
=2n X R? X Vjjias

= 6.28 X (0.9cm)? x 39 cm/sec

Flow,, = 198 cm?3/sec
S
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Aliasing velocity 35 cm/sec
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PISA R =1.0cm,; Aliasing velocity 35 cm/sec
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Step 1. Calculate proximal AR flow

IIIIII 08/12/2009

Flow,r, =Area psa X VeloCity pjias
=2n X R? X Vjjias

= 6.28 X (1.0cm)? x 35 cm/sec

Flow,, = 220 cm?/sec
S



Aliasing velocity 26 cm/sec: Blooming
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PISA R =1.3 cm; Aliasing velocity 26 cm/sec
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Late diastolic timing
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Step 1. Calculate proximal AR flow

PPPPPPP 08/12/2009 08:59:13AM

Flow,r, =Area psa X VeloCity pjias
=2n X R? X Vjjias

= 6.28 X (1.3cm)? x 26 cm/sec

Flow,, = 27sec
-



Step 2: Calculate the aortic ERO

PHILIPS
120/68
+ Vmax 532 cmis
Mean PG 71 mmHg
VTI 303 cm
;¢ Vmax 539 cmis
Mean PG 72 mmHg
\'All 320 cm
CF

72%
2.5MHz
WF High
Med

08/12/2009

MAYO CLINIC 4AG

09:58:59AM TIS0.6 MI 0.1

§5-1/Mayo Adult
M3 M4
cw +73.2

50%
1.8MHz l
WF 150Hz

-73.2

--6.0
$5bpm

50mm/s

Velocity,r = 535 cm/sec

@ MAYO CLINIC

Flow g

ERO =
Velocity o

198 cm3/sec

535 cm/sec

ERO = 0.37 cm?



Step 3: Calculate AR volume

PHILIPS

120/68
+ Vmax 532 cmls
Mean PG 71 mmHg
VTI 303 cm
3¢ Vmax 539 cmis
Mean PG 72 mmHg
320 cm

08/12/2009 09:58:59AM TIS0.6 MI 0.1

MAYO CLINIC 4AG $5-1/Mayo Adult
M3 M4
. -0 50% +73.2
= ® : 1.8MHz Il
i . WF 150Hz
Yo 4 :
g F— 10
e T

@ MAYO CLINIC

Volume,

ERO X TVl,q

0.37cm?4 x 310 cm

115 cm3



Apical Window: AR

PHILIPS 08/12/2008 09:13:12AM TIS2.3 MI 1.1

$5-1/Mayo Adult
FR 21Hz M3 M4

17cm 1

10.
=

20
69%
C42
P Low
HPen

CF

72%
2.5MHz
WF High
Med

X

0]

‘@ : \ R
14 28

.

- 15

JPEG
54 bpm
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AR Peak Velocity 240 cm/sec; TVI =170 cm

@ MAYO CLINIC

Apical CW Doppler: AR

PHILIPS

120/68

FR 21Hz
17cm

2D
73%
C42
P Low
HPen
CF
72%
2.5MHz

08/12/2009 09:13:58AM TIS0.7 MI 0.1

MAYO CLINIC 4AG S5-1/Mayo Adult
M3 M4
+68.1

50%
1.8MHz Il

WF 225Hz

. cmis

-300

-200

-100

cmis



PHILIPS 08/12/2009 09:13:58AM TIS0.7 MI 0.1
120/68 MAYO CLINIC 4AG $5-1/Mayo Adult
h othiz cw M-a
+00.
3% WF 225Hz I
42
ow
en
CE
%
idhe L
ig
Med cmis
i g AT
: -300
200
|

ERO =

Step 2: Calculate the aortic ERO

Flow g

Velocity o

198 cm3/sec

240 cm/sec

Velocity,r = 240 cm/sec
ER 0: cm?
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Apical CW Doppler: AR

Interrogation angle error

PHILIPS
120/68

+ Vmax 172 cmls
Mean PG 6 mmHg

VTI 37.1cm
71%
C42
P Low
HPen
CF
72%
2.5MHz
WF High

08/12/2009 09:11:31AM TIS0.7 MI 0.1

MAYO CLINIC 4AG S$5-1/Mayo Adult
M3 M4
-0 50% +62
: 1.8MHz l
" 5 WF 225Hz
= 10

EEE

M@,-\/J“

-300
- -200
“ :’ ‘\‘ i , | 1_." 2.
(- 100
cmis
- -100

--200

--300
L




W MAYO CLINIC

LVOT Diameter = 3.0 cm

PHILIPS

120/68

FR 95Hz
14cm

2D
52%
C53
P Low
HGen

1.7 34

08/12/2009 08:54:43AM TIS0.8 MI 1.4

MAYO CLINIC 4AG S$5-1/Mayo Adult
M3
X = @
>

»

+ Dist 295cm
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LVOT TVI =23 cm

l!\ll' rnyji

PHILIPS

120/68
+ Vmax 101 cm/s

Mean PG 2 mmHg
VTI 22.9 cm

;2 Vmax 904 cml/s

Mean PG 2 mmHg
VTI 20.4 cm

« Vmax 924 cml/s

Mean PG 2 mmHg
VAL 22.5cm

08/12/2009 09:12:49AM TIS1.3 MI 1.0

MAYO CLINIC 4AG

S5-1/Mayo Adult

M3 M4
+58.3

35%
1.6MHz l
WF 125Hz

SV1.5mm
11.6ecm




Step 1: Calculate LVOT Stroke Volume

LVOT

PHILIPS 08/12/2009 08:54:43AM TIS0.8 MI 1.4
120/68 MAYO CLINIC 4AG §5-1/Mayo Adult
FR 95Hz M3
14cm % ®
B S :
5 3 & |
ow 3 = §
HGen =" S5
X :
.
" .
. 10
@ "~
P R
AN
'/-s_la_..__
+ Dist 2.95cm 52bpm

LVOT Diameter = 3.0 cm

120168 MAYO CLINIC 4AG $5-1/Mayo Adult
+ Vmax 101 cm/s L
Mean PG 2 mmHg i ® =0 E3¥5!%
VTI 229cm ﬁ\ 5 1.6MHz
3 Vmax  90.4 cmis 25 -5 Vs\{zgaﬂz r
Mean PG 2 mmHg 0 11.6cm
VTI 20.4 cm - 10
= Vmax 924 cmis F
Mean PG 2 mmHg : 25 .
I, zsem - £E
g N il
A » |
1 " "G § 1050
J |
)

PHILIPS 08/12/2009 09:12:49AM TIS1.3 MI 1.0

LVOT TVI=23 cm

Stroke = 0.785(3.0cm)2 x 23cm

Volume

@ MAYO CLINIC

162 cm?



Step 4: Calculate Regurgitant Fraction (RF)

i
Aortic AR Vol 115 cm?
RF — i = = /1%

i 162 cm3

LVOT Stroke
Volume




Vena Contracta: AR

«— [|ow
convergence

Vena contracta

«—AR jet
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Vena Contracta =7 mm

PHILIPS

120/68

FR 26Hz
13cm

2D
64%
C 45
P Low
HPen

CF

72%
2.5MHz
WF High
Med

G
OV
14 28

08/12/2009 10:00:33AM TIS2.3 MI 1.2
MAYO CLINIC 4AG

T
0.661 cm

+ Dist

S5-1/Mayo Adult
M3 M4
+73.2

g |I
N

X

-73.2
cmls

52bpm




Quantitation of AR: Vena Contracta Width
Comparison to ERO

1
= 1
S
S
kD
Q
£
c
O
O
©
3
>

@ MAYO CLINIC

R NDNW OO N0 O O -
] L1 1 1

Eccentric Jets

o.. o :
e © [
Y
5 °/o/ 2
©,9
.‘..’./
S
- ‘,.o.o.
® ¢ r=0.88
(L P<0.0001

O 10 20 30 40 50 60 70 80 90

AR ERO (mm?)

Central Jets

e ©
% _
/.... r—ogl
Iy P<0.0001

O 10 20 30 40 50 60 70 80 90

AR ERO (mm?)

Tribouilloy CM et al: Circulation 102:558, 2000



Quantitation of Aortic Regurgitation
PISA Method: Color and CW Doppler

Mild Moderate Severe

AR Volume

- - >
cmibeay <30 30-44  45-59 260

ERO (cm2) <0.10 0.10-0.19 0.20-0.29 =0.30

Vena Contracta
Width (cm) <0.3 0.3 -0.60 > 0.6

Zoghbi WA, et al. J Am Soc Echocardiogr 2003; 16: 777
(g MAOLINIE Nishimura RA, CM Otto, et al. JACC 2014; 63: e57



Quantitation of
Aortic Regurgitation

Corroborating Findings



Hemodynamics of Aortic Regurgitation
Doppler Pressure Half-Time

160

Velocity
(m/s)

Pressure
(mm HQ)

AR Pressure Half-time

Mild AR: > 600 msec
Severe AR: <250 msec

@ MAYO CLINIC
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Mild AR: CW Doppler
Pressure Half-time = 870 msec

BP: 108/62 oW
+ Vmax 433 cmls 40%
Time 599 ms L

Pt 867 ms
;¢ Vmax 431 cmls

Time 536 ms A —"\_»J\w_——-
P'at 886 ms

-5.0
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Acute Severe AR: CW Doppler
Pressure Half-time = 100 msec

(@] ] cTo
1 AR Vmax 4.46 m/s 83
AR PHT 97.13 ms
AR Dec Time 334.94 ms z
2 AR Vmax 4.43 mis I
AR PHT 102.03 ms
AR Dec Time 351.81 ms
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Acute Severe AR: CW Doppler

W MAYO CLINIC

Pressure Half-time = 150 msec

) *
2 AR Vmax 3.06 m/s
AR maxPG 37.46 mmHg
AR PHT 156 ms

AR Dec Time 539 ms
AR Dec Slope 5.7 m/s2

1 AR Vmax 2.94 mis
AR maxPG 34.65 mmHg
AR PHT 148 ms

AR Dec Time 511 ms
AR Dec Slope 5.8 m/s2 .

100 mniR-0




Acute Severe AR: M-Mode
Premature closure of mitral valve

- [cm]

A

A Sl O
b - -l e
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? Severity of Aortic Regurgitation

* v
Freq.: 1.7 MHz/3.3 MHz S e

62
HR

W MAYO CLINIC



Chronic Aortic Regurgitation
LV End-Systolic Dimension (LVESD) Index

100 LVESD/BSA < 25 mm/m?2

80 -
60 -

Survival 44+13%
(%) 40 -

LVESD/BSA > 25 mm/m?

20 -

0 i . . . :

0 2 4 6 8 10
NCES

e Dujardin KS et al: Circulation1999; 99: 1851



? Severity of Aortic Regurgitation
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Descending aorta

Freq.: 1.7 MHz/3.3 MH&_" v 70
.70
x -7 x
- "é’ -
10w et 10w
60
HR

W MAYO CLINIC



Descending aorta: Color M-mode

Freq.: 1.7 MHz/3.3 MHz S ¥ 79

W MAYO CLINIC



Descending aorta: Reversal TVI =24 cm

@ l

2 Vmax 0.51 m/
Vmean 0.35 m/
Pmax 1.04 mm
Pmean 0.51 mmH
Env.Ti 689 m
VTI 241¢c
HR 63 B

1 Vmax 1.65 m/
Vmean 1.00 m/
Pmax 10.93 mm
Pmean 5.12 mm
Env.Ti 294 m

S -

VTl 29.4 cmf—
HR 61 BPM|
W
‘ J
i {
l.:
gy
(A
LA
é_a_:_p—gf Ill//\ [ '-?é

W\ MAYO CLINIC



Abdominal aorta: PW Doppler

Freq.: 1.7 MHz/3.3 MHz




? Diastolic flow reversals

Freq.: 1.7 MHz/3.3 MHz
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Descending aortic eddy flow

Freq.: 1.7 MHz/3.3 MHz

W MAYO CLINIC

-

60
HR



Aortic Regurgitation (AR)
Evaluation by 2-D and Doppler Echo

°* Echocardiography remains the imaging
modality of choice for the diagnosis of
the mechanism and the quantitation of
severity of AR

* Careful application of the concepts of
the continuity equation are needed for
accurate quantitation of AR

°* Quantitation of AR is the sum of all 2-D
and Doppler data, not a single parameter
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