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Pre Questions (1)

* The Difference between Doppler
MIG and catheterization PPG

A. Is due to pressure
recovery

B. Is due to different
measurement timing of the
LV and aortic pressures

. Occurs only Iin patients
with small aortas

D. Is used to calculate aortic
EWCE(GCE




Pre Questions (2)

* Catheter-Doppler Discordance
maybe due to

A. Pressure recovery

B. Eccentric jet

C. High flow states

D. Very severe aortic stenosis




Severe Aortic Stenosis
Area Gradient Match

Mean Valve Valve
Gradient Area areaindex

(mMmHg) (cm?) (cm2/BSA)

Mild <25 >1.5 >0.8
Moderate 25-40 1.0-1.5 0.6-0.8

Severe

Bonow RO, et al. Circulation, 2008
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Nishimura, et al. Circulation, 2014
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Gradient Mismatch

Mean Valve Valve
Gradient Area areaindex

(mMmHg) (cm?) (cm2/BSA)

Mild >1.5  >0.8
Moderate 1 1.0-1.5 0.6-0.8

Severe

Bonow RO, et al. Circulation, 2008




sé@\tﬂ;ﬁ&%ﬁﬁi\étsm&s
Area Gradient Mismatc
Mean Valve Valve

Gradient Area  Velocity
(mmHg) (cm?) cm/sec)

ild ‘ 2-29
oderate 20- 39 3-3.9

evere

Nishimura, et al. Circulation, 2014
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Reverse Area Gradient Mismatch

Mean Valve Valve
Gradient Area areaindex

(mMmHg) (cm?) (cm2/BSA)

Mild >1.5 >0.8
Moderate 25-40

Severe <1.0

Nishimura, et al., J Am Coll Cardiol 2014
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Reverse Area Gradient Mismatc

Mean Valve Valve
Gradient Area Velocity

(mmHg) (cm/sec)

Mild <2
Moderate 20

Severe

Nishimura, et al., Circulation 2014




Aortic Stenosis
Determining the “True” Severity

Measurement Errors
Must be Excluded




Discordance of Area

and Gradient Severity

REVIEW ARTICLE

Aortic Valve Stenosis: To the Gradient and Beyond—The Mismatch Between

Area and Gradient Severity

AMR E. ABBAS, M.D., FA.C.C.,! LAURA M. FRANEY, M.D.,! JAMES GOLDSTEIN, M.D.,! and STEVEN
LESTER, M.D., ER.C.P(C), FA.SE?

From the ]Dﬁparrmm of Cardiology, William Beaumont Hospital, Royal Oak, Michigan; and EDEFI?HME.FH of Internal Medicine, Division of
Cardiovascular Diseases, Mavo Clinic, Scottsdale, Arizona

The clinical severity of aortic stenosis (AS) is based largely on symptoms. However, AS severity is primarily
determined by estimating the aortic valve area (AVA) and pressure gradients ( AP). Conditions may arise in which
there is a mismatch in severity between AVA and AP determinations secondary to errors in measurement and/or
assumption, alterations of flow, or variations in the magnitude of pressure recovery. The cause of discrepancy
between area and gradient determinations must be deciphered so as to best counsel patients on the most ideal
treatment strategy. (J Interven Cardiol 2012;00:1-12)



Topics of Discussions

°GOA Vs. EOA
°*Doppler Vs. Catheter

° Factors affecting Gradient
* Area/Gradient Mismatch

°* Reverse Area Gradient
Mismatch
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GOA Versus EOA

N [\

GOA | >EOQA

Vool
GOA: Planimetry

EOA: Continuity Equation
Coefficient of Contraction: EOA/GOA




Doppler versus Catheter Area and
Gradient Assessment
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Doppler Aortic Valve Area
Assessment

* Continuity Equation
*A1x V1 =A2xV2
A, (AV)= A, xV,

V,

* Also, A,/A, = V,/IV,
°* The ratio of velocities is the inverse
of the ratio of areas

* Dimensionless index = V,/V, <0.25




Doppler Aortic Valve Area
Assessment

LVOT Diameter =2 cm
LVOTArea=0785x (2 o L\VOT diameter

LVOT Area = 3.14 cm?

g 1 ° Measure In systole
A * At Leaflet insertion
Xf 2y * Error squared!!

o -
%
3:.
- - a_‘

LVOT assumed as a circle = 1 r?

LVOT Area =1 (LVOT radius) 2

LVOT Area = 3.14 x (LVOT diameter/2)?
LVOT Area = 0.785 x (LVOT diameter)?




Doppler Aortic Valve Area
Assessment

LVOT Velocity = 1 m/sec ), k ° PW: LVOT
F

LVOT TVI =25 cm * Use proper
cursor

[m/s]

{1
¥ 5

alignment
parallel to
blood flow to
obtain
optimum
signal




Doppler Aortic Valve Area
Assessment

AV velocity =4 m/sec lsq‘l‘qs . , ¢ CW: AV

AV TVI =98 .
- * Multiple
o windows

r“rlwl'.-l NI

* Use proper
cursor
alignment
parallel to
blood flow to
obtain
optimum




o VI

LVOT diam 2.0cm AV TVI 98cm
LVOT TVI 25¢cm

Area1 x TVIl, =Area 2 x TVI,
785 ( )’x = AVA X
AVA = 78.8/98

= (0.8cm?




Doppler Aortic Valve
Gradient Assessment

°* Doppler
* MIG=4V,2-4V 2

* MIG=4V.?

* Use MIG=4V.,2-4V,?
*V,>1.5m/second
* V, <3 m/second




Doppler versus Catheter
Gradient Assessment

* Catheterization

* Peak to Peak

mean Catheter

°* Doppler

* MIG (4V,2-4V,2)

mean Doppler

* MIG always > PPG

mean Doppler 'Pmean Catheter — PX

Maximum

instantaneous N Peak to peak

gradient ghy ]/ gradient

Ao _ |7 .:

Doppler
f i




Pressure Recovery

°LV Pressure: Mean 180 mmHg
° Aortic Pressure: Mean 140 mmHg
* Catheterization Gradient = Mean

40 mmHg

°*Doppler Mean Gradient = 50
mmHg

° Pressure Recovery = 10 mmHg




Not Pressure Recovery

°LV Pressure: Peak 200 mmHg
* Aortic Pressure: Peak 150 mmHg
* Cath Peak to Peak: 50 mmHg

°* Doppler Velocity: 4.5 m/second

°* Doppler Maximum Instantaneous
Gradient: Peak: 81

°* Doppler-Cath difference: 31 mmHg
Inherent technique difference
(timing) and not pressure recovery




Pressure Recovery

Increase In pressure Iin
the aorta distal to the
valve and the vena
contracta

Decrease in pressure
gradient between LV

A Catﬁetef and aorta

mmHg

Gradi . .
racient Increase in EOA distal

..........

e R R A A -m.x;w to the valve and vena
il \ T et Y contracta
slalic ""l, TPGmax .

Fjrl.'!-i!-i-L”L.'
initia
anargy

\l ﬁ,__L Catheter measures
__— distal to the vena

Doppler Gradient flow direction > contracta




Factors Affecting Gradient

°* Area: The lower the area, the higher the
gradient

* AP = Q2/(K x EOA2)

@ Most Prosthetic Valves
m———— Normal Adult Human
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Factors Affecting Gradient

°* Flow: The lower the flow, the lower the
gradient

Low Flow: SVI < 35ml/m?
High Flow: SVI > 58 ml/m?

Cardiac OQutput (I/min, assumes HR 75 bpm, SEP 300 ms)

300

I )
0.2 cmé 0.4 o 180 2.0 40 6.0 8.0

£50 1
160 1

200 140+ i
120 i
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150+ 100 -

Transvalvular Gradient (mm Hg)
Transvalvular Gradient (mm Hg)
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Aortic Valve Flow Transvalvular Flow (ml/sec)

cc/s — AVA Q.7 AVA 1.0 AVA 1.5
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Factors Affecting Gradient

* Jet Eccentricity

°* More eccentricity, more pressure loss,
higher gradient, the less pressure recovery

° No further increase beyond 30°

X7-2tITEE

M W4
.@ I.




Factors Affecting Gradient

* Jet Eccentricity

° Increase in velocity by 0.7 m/sec, gradient 23
mmHg, and decrease in EOA 0.2 cm?

Lossy compression - not intended for diagnosis ossy compression - not intended for diagnosis
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Factors Affecting Gradient

* Aortic root diameter

° The larger the aortic root, the more the
energy loss, the less the pressure recovery,
the higher the catheter gradient. This effect
plateaus at a diameter of 30 mm (area 7 cm?)

°* The smaller the root
The more pressure

recovery.

* ELCo = AVA x AAa |
AAa-AVA




Factors Affecting Gradient

°* Doppler/Catheter Discordance
Small Aortic Root

°* Doppler/Catheter Concordance
Eccentric Jet




Severe
Aortic Stenosis
with
Normal Function

Area Gradient Match

Normal Ejection Fraction
Normal Cardiac Output
Area/Gradient Match
AVA<1cm?

AP, ...>40mmHg

mean

Courtesy Heidi Connolly




Aortic Stenosis

Area/Gradient Mismatch




Aortic Stenosis

Area Gradient Mismatch

Low flow (normal or reduced LVEF)
Mean Gradient <30-40mmHg
AVA <1.0cm?

True, Mild-Mod AS
Severe AS Low Flow

(pseudo AS)




Severe
Aortic Stenosis
with
Normal Function

LVOT _
AV

\

0.2

Area/Gradient
ANY/ARS M2

Severe
Aortic Stenosis
with
Low Gradient

LVOT _

AV 0.2

Area/Gradient
AVA<




Low EF Area Gradient Mismatch

Risk Stratify

Dobutamine Stress




Dobutamine Stress

Resting Hemodynamics
HR, BP, gradient, CO, AVA

Dobutamine
2.5-5.0 mcg/kg/min

Repeat Hemodynamics
Increase by 5 mcg/kg/min

Endpoints
! BP, VT, HR>120, symptoms
Normalize CO, 20 mcg/kg/min




Dobutamine Echocardiography

Baseline Doppler
hemodynamics

1 8

Dobutamine

[ stress s

11 Mean gradient I Mean gradient
&/ AV Area T AV Area

. ! . !

True Severe AS Pseudo Severe AS




L ow Gradient
Aortic Stenosis

Courtesy Heidi Connolly




Dobutamine

Truly Functionally

Stenotic

[ LVOT _
Y

\

0.2

Stenotic




Case

62 y/o male

STEMI and subsequent
CABG five years ago

Recurrent heart failure x 3
months







TVI =14cm

(LD S S 1) %)

Stroke Volume = CSA x TVI
= 0.785 ( Y%

= 53cm?




Low Flow

LVSVI = 53cm3/ 2.3 m?2= 23 cm3/ m?
(< 35ml/m?)

Cl =23cm?3 m2x 68bpm = 1.6 L/min/m?




Vel= 3.2m/sec
TVI=57cm - 422

b
r
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i
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Vel= 0.8m/sec

TVI=14cm [ =%

0.785 ( 2.2cm) 2 x
Area,, ( o,

= 0.9 cm? MG 24mmHg




Low EF Area Gradient
Mismatch

ﬁ J|* LVEF 30% (<45%)
4 * LVSVI 23ml/m?

g
Py, o 2
i AVA 0.9cm

= 3 °* Mean Gradient
- 24mmHg




LVOT LVOT
E_E I SVI: 26ml/m? SVI: 40ml/m? ?jﬁ:
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L dts Dobutamine TVi=24cm
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Velocity=3.0m/s
|  TVI=56cm

- Velocity=5.0m/s ™
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Dobutamine Stress

LV Stroke Volume Index
26mli/m? — 40ml/m?

Valve Area
0.9cm? — 1.0cm?




Case

°75 year old male

° Presents with dyspnea and
syncope

° HTN (treated BP 150/75)

* Grade llII/VI mid peaking
systolic murmur LSB




BP 100/50

_ il

——— e —

A Tawm O

= LWl

8:50:42 am
4¥1¢-S 53Hz

Ha.25MHZ R TN
Echo

General
Pwr=0dB MI=1.9

65dB T1/-2/1/3
Gain= 1dB a=3

Store in progress

HR= 81bpm




Echocardiography

Normal EF Area Gradient Mismatch

° LVEF

°AV Mean G
* AVA

* AVA index
° LVEDV

* SVi

55%
26mmHg
0.8cm?
0.45cm?/m?
88mli
yAulling




Aortic Stenosis Severity?

1. Mild
2. Moderate

3. Severe
4. Can’t tell




Flow Versus EF

A: EDV = 115, ESV = 45,

EF = 70/115 = 60%
BSA =1.79
SVI = 39 ml/m?

B: EDV = 85, ESV = 35,

EF = 50/85 = 60%
BSA =1.79
SVI = 28 ml/m?




Paradoxical L ere AS

llaqfh\‘@z!‘t! l tht fead

p—

Z,, = 150 mmHgqg + = 5.5mmHg/mil-m-2
32 mi/m?




Global Left Ventricular Afterload

Moderate AS and low compliance =
Severe AS and normal compliance




Overall Survival According to
Valvulo-Arterial Impedance (Z

100

va)

Z,. <55
80 -

60 -
Survival

(%) 4| Zva=(SBP+ Mean G)/SVI

20 -
P=0.003 (0.02*; 0.02**)

1 2 3
Pt at risk (no.) Follow-up (years)

354 260 156 110 62
59 KX 16 11 7

*P value adjusted for age & gender
**P value adjusted for age, gender, valvulo-arterial impedance, & type of Rx

Hachicha et al: Circulation 2007




Aortic Stenosis
Reverse Area/Gradient

Mismatch




Reverse Area/Gradient
AVA>1cm?2

Courtesy Heidi Connolly




Causes of Reverse A/G Mismatch
°*Errors of Measurement

°High Flow
° Pressure recovery
* Eccentric Jet

* Para-valvular Obstruction
° Prosthetic-Specific

Mechanical Valve Central
Orifice Pressure Drop

Patient-prosthesis mismatch




Errors of Measurements
Eccentric Mitral

o 105 o

AV Vmax 5.36 m/9|
AV Vmean 3.06 m/s
AV maxPG 114.79 mmHy|
AV meanPG 51.44 mmHg|
AV VTI 117.6 am
AY Env.Ti 384 m
HR 153 BPMWY

—r S '\;f—.—i-—.xwf—.——.——.--.la_—d.—-a—r-.d-\————ﬂ‘
-4 -3 -2 ‘ -1 ]

Bonmms




Mitral Regurgitant Jet Versus Aortic
Stenosis Jet

* Mitral regurgitation occupies IVC and IVR




Errors of Measurements
LVOT Measurement

°* Measure in systole

* At leaflet insertion

° Error squared!!

°* Echo underestimates LVOT by 17%




High FIow

+LVOT VTI WF 125H2 4 +AVVTI NF 225Hz
Vmax 1.5m/g SV4.0mm Vmax 28mls

Vmean 0.934 mis ' Vmean 1.98m/s L

Max PG 9 mmHg [ Max PG 31.7 mmHg

Mean PG 4 mmHg Mean PG 18 mmHg l

VI 292¢m g VI 523cm

p2 ) it W, AVA(VTI) 1.75cm® Jn e
.- /\W =20

-1.0

Ah .m.u hﬂh niu Ml .'
* Aortic regurgitation

°* Hyperdynamic states (dialysis, anemia)
* Dimensionless Index B




Pressure Recovery/High Flow

Doppler & |
Pmean = 34 mmHg - e - e
g ’ > GOA1.3ém = %#

EOA = 0.6 cm?

- -
mean = 18 mmHc . .
4 Ao Diam 2.2 em| r " AV VYmax . m/s
2 3LVPWd 1.5 cm N AV Viedn T8 m/s y lomf, \
EOA — 1 CI I I 2 LViDd 3.7 cm 5y B o AV maxPG 54.75 mmHg \
EDV(Teich) 56 ml A I.-".‘.:r,' AV meanPG 34.27 mmHg 20~ /
1 1V5 1.5 cm B it
10 iy

AV VTI 109.1 em
AV Env.Ti 392 ms
HR 153 BPMW

APR= 34-18 = 16
mmHg
RPR= 16/34= 47%




Energy Loss Index

° Energy loss Co-efficient
ELCo = AVA x AAa
AAa-AVA
* AVA = aortic valve area, AAa = aortic area
° Energy loss index: ELCo/BSA

* ELI < 0.52-0.76 cm? has poor outcomes and
severe AS

* More significant with increase flow and
moderate aortic stenosis




Pressure Recovery/High Flow

EOA = 0.6 cm?

AAd = 2.2 cm s aonlA s %.ﬁ

AAa = 3.8 cm? —— Sy

- -

2em| . AY Vmax 370m/s
— P 9
O — 1.5 cm R N, AV VYmean 278 m/s
2 LVIDd 3.7 em 5., : ;'.", >

AV maxPG 54.75 mmHyg

EDV(Teich) 56 m ‘.ﬁ;' h I‘-"".‘.;:', AV meanPG 34.27 mmHg 3 !
3.8x0.6/3.8-0.6 == %
-— b Y "
n n n n 10+ s AV Env.Ti 392 ms

HR 153 BPMW

Fe

I: ‘ i
o

EICo=0720m? e =
ELI = 0.72/BSA ‘




Eccentric Jet

Case:
29 y/o male

Carries a diagnosis of
Asymptomatic severe AS

Quit Law School




Lossy compression - not intended for diagnosis

FR 50Hz
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Vmean 343 mis
Max PG 91.1 mmHg
Mean PG 57 mmHg
VTI 81.5cm

=57 mmHg
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Cardiac Catheterization P, = 50 mmHg, AVA 1 cm?




Eccentric Jet

A




Eccentric Jet: Echo




Eccentric Jet: MRI




Aortic Stenosis

Reverse Area Gradient Mismatch

Elevated Gradient/GOA ok
Mean Gradient >40mmHg
AVA >1.0cm?

/1 \

Bicuspid Aortic Valves




Para-valvular Obstruction

* Sub-Aortic membrane
* Hypertrophic Obstructive

Cardiomyopathy
* Supravalvular Obstruction
° Mitral valve Prosthesis




Sub-Aortic Membrane

Lossy compression - not intended for diagnosis

4

e

Meémbrane




Sub-Aortic Membrane

Progressive Disease
Other congenital anomalies in 50%
VSD/PDA/Coarctation
Shone’s Complex
Bicuspid AV E
§ leftsided-SVC
> Types: Membrane, fiboromuscular ridge,
: Diffuse tunnel narrowing, mitral tissue

Vo= 4.1 m/s
IG = 65 mmHg
Pyjean= 39 mmHg

Treatment: Surgery

No symptoms: Catheter LVOT-A
peak/Doppler Mean = 50 mmHg
Symptoms: Catheter LVOT-A
peak/Doppler Mean = 30-50 mmHg
Adults may use Doppler Peak > 50
mmHg

Resection/Konno procedure B




1 IVSd

Hypertrophic Obstructive
Cardiomyopathy

Alcohol Septal Ablation or Surgery
High Risk features
ICD



Supra-Aortic Obstruction

213 =
45dB 3 +/+1/1/2 P - aV1c=S .Ircum = ﬁ.ﬂEcmz
AoV NTI =120 m ol Ha7she JArea = 2.27cm* .
Ymax = 5.16 mfsec . ; ‘s - General /¥
Pk Grad = 1063 mmHg -~ =~
Mn Grad = 54.8 mmHg - Store in prod
Mn Velocity = 3.37 m/sec L e HR= 62bpm

Sweep=100
W:1.75MHz ata e
RO

Non-Familial Sporadic
William syndrome:
Elfin Facial B
Hypercalcemia
Behavioral
Diagnosed by CVS and fetal echo
Familial Sporadic
Coronary anomalies
Types: Hour glass, Membrane, Diffuse narrowing
Surgery




Obstruction by Mitral Valve
Prosthesis

FR 47Hz MIWBH ECHO
§5-1
26Hz
20cm

2D

HPen
Gn 43

C 52
3/3/1
50 mm/s

96 BPM




Localized Pressure Loss and High
Gradient in Central Orifice of
Bileaflet Mechanical Valve




Localized Pressure Loss and High

Blood
pressure

Gradient in Central Orifice of
Bileaflet Mechanical Valve

Bioprosthetic Valve

LVSP

A ____,—_/\____‘
O
SV . ‘3. A,
o0—
*\_x//—-——___‘
APygr

SARc

Flow axis

>

Blood
pressure

Bi-leaflet Valve

Flow axis

* Fluoroscopy




Patient Prosthesis Mismatch

LIS Wi @i
MY A (VTI) 0.0 cm2 ) AV A Ymax 0.4 cm?2
1 LVOT ¥Vmax 1.14 m/s 2 | AVA (VTI) 0.4 cm?2
LVOT VYmean 0.91 m/s N < 1 AV Vmax 4.66 mjs

LVOT maxPG 5.2 mmHg - AY ¥Ymean 3.40 m/s
LVOT meanPG 3.6 mmHg - AY maxPG 87.0 mmHyg

\ -
LVOT VTI 28.3 cmil AY meanPG 51 4mmHg‘
; }
! AV VTI 108.1 cm
M \!"ﬁ il r— v e ‘& N ‘&'
1 nw (| gy e .
*" A A : i | 1
) ) | Ir; r II |II Yy

' ) | -IFI|

¥

|

\'rt, '| 'i‘ [F" f”

* Doppler Velocity Index: LVOT /aortic velocity
* Acceleration Time: Jet onset to peak

B




Patient Prosthesis Mismatch

03sy compression - not intended for diagnosis i ) . i
¥ P i Lossy compression - not intended for diagnosis

4083724 X7-2t/Adult
A — 4083724 X7-2t/Adult
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Patient Prosthesis Mismatch

* AP = Q?/(K x EOA?)
* To keep gradient low, EOA must
accommodate flow

°* Under basal conditions, Basal flow depends
on BSA, hence small valves = high gradients

°* Normal DVI > 0.3, DVI = 28/108 = 0.26,
Normal Acceleration time < 100 msec,
Acceleration = 60 msec




Elevated Prosthesis Gradient

Peak Prosthetic Aortic Jet Velocity > 3 m/s

--'-- -
---'--
---'-
---'-

DVI DVI
2 0.30 0.25-0.29 <0.25

e 7NN

AT (ms) U >100 V-:mn U >100 V-:mn

Suggests PraV Consider Improper
Stenosis * LVOT velocity™

Consider PrAY stenosis with Mormal PrAVv
* Sub-valve narrowing

* Underestimated gradient
= Improper LVOT velocity®

N B

High Flow




Conclusions
Reverse Area Gradient Mismatch

° Errors: Mitral regurgitation jet/LVOT area/angle

° Increased flow: systemic or due to severe aortic
regurgitation; Doppler & catheter

°* Pressure Recovery: dependent on aortic area
* Para-valve Obstruction: above or below the valve

° Eccentric jets: increased pressure loss and an
elevated gradient; Doppler & catheter

* Prosthetic Valve: Localized pressure drop, PPM




Pre Questions (1)

* The Difference between Doppler
MIG and catheterization PPG

A. Is due to pressure
recovery

B. Is due to different
measurement timing of the
LV and aortic pressures

. Occurs only Iin patients
with small aortas

D. Is used to calculate aortic
EWCE(GCE




Answer (1)

° B. Is due to different
measurement timing of the LV
and aortic pressures




Pre Questions (2)

* Catheter-Doppler Discordance
maybe due to

A. Pressure recovery

B. Eccentric jet

C. High flow states

D. Very severe aortic stenosis




Pre Questions (2)

° A. Pressure recovery




Conclusions
Reverse Area Gradient Mismatch

* Watch for units to avoid miscalculations

* Realize the difference between MIG and PPG
and the mean gradient by both

* EOA is not GOA.

GOA is measured by planimetry

EOA by continuity equation and is the
area at the vena contracta




Aortic Stenosis Classification

Area/Gradient
Match

NF/HG

Area/Gradient
Match

LF/HG

Area/Gradient
Mismatch

NF/LG

Area/Gradient
Mismatch

LF/LG

Indeterminate

Flow Related
1.Amount
2 .Eccentricity

Supra/Sub Valve
Obstruction

Pressure
Recovery

Prosthetic
Valve




THANK YOU




