,U : Valvular Stenosis
' and Regurgitation:
Assessment of Severity

Helmut Baumgartner

Adult Congenital and Valvular Heart Disease Center

Westfalische ¢ b
Wilhelms-Universitat University of Muenster

Miinster Germany

i Echocardiograghy Q009 10, 1-2:

— 73 pages

@ uopein oura of Exhocardography G010) 11, 22324 RECOMMENDATIONS
ccwdiact0

40410108 Jisjoch

E v o Echoxardagphy (2010) 11, 307-332 RECOMMENDATIONS

, o

4

; European Association of Echocardiography
recommendations for the assessment of valvular

L regurgitation. Part 2: mitral and tricuspid

% regurgitation (native valve disease)

Patrizio Lancellotti (Chair)", Luis Moura?, Luc A. Pierard’, Eustachio Agricola’,
Bogdan A. Popescu®, Christophe Tribouilloy*, Andreas Hagendorffé, Jean-Luc Monin’,
Luigi Badano®, and Jose L. Zamorano? on behalf of the European Association of
Echocardiography

Assessment of valvular
stenosis severity

e Peak velocity / peak gradient
e Mean gradient
(rest / exercise / dobutamine)

e Valve area planimetry (MS, as)
continuity equation (AS)
pressure half-time (MS)

e Indirect signs LVH (AS), RVH (PS)
PAP (MS), RVP (PS)




Assessment of Valvular
Stenosis Severity

CW Doppler: Measurement
of transvalvular velocity

Calculation of peak gradient
DP,eny = 4V2

Calculation of mean gradient
AP can = 24v2 /N

Doppler Assessment of Transvalvular Gradient
Sources of Error

(1) Underestimation of Catheter Gradient:

® Inappropriate recording angle
® Poor signal quality
® Recording ,wrong vel." (LVOT)

® [ ack of technical expertise or
appropriate equipment

Doppler Assessment of Transvalv
Technical Aspects

Try all approaches!
Right parasternal!
Suprasternal!




Doppler Assessment of Transvalvular Gradient
Sources of Error

(2) Overestimation of Catheter Gradient:

® Failure to account for an increased subvalvular
velocity

Gradient Calculation by CW-Doppler
BERNOULLI EQUATION

1 2 2 2dy
pr=pa=y p(vamv el ds R (uy)

Convective Flow Viscous
acceleration acceleration friction

1
Ap =Ep(v§‘v%2} -
: subv. velocity
Ap =4(V22 @ l (LVOT) =1m/s
Ap =4y

Doppler Assessment of Transvalvular Gradient
Sources of Error

(2) Overestimation of Catheter Gradient:

® Failure to account for an increased subvalvular
velocity

® Inappropriate comparison of different gradients




Doppler and Catheter Gradients

Aortic Stenosis

CW - DOPPLER CATHETER

Doppler Assessment of Transvalvular Gradient
Sources of Error

(2) Overestimation of Catheter Gradient:

® Failure to account for an increased subvalvular
velocity

® Inappropriate comparison of different gradients

® Recording the wrong velocity (f.e. mitral
regurgitation / aortic stenosis)

Recording the Wrong Signal
(Aortic Stenosis - Mitral Regurgitation)

Different shape and timing!




Doppler Assessment of Transvalvular Gradient
Sources of Error

(2) Overestimation of Catheter Gradient:

® Failure to account for an increased subvalvular
velocity

Inappropriate comparison of different gradients

Recording the wrong velocity (f.e. mitral
regurgitation / aortic stenosis)

® Nonrepresentative selection of velocity
recording (arrhythmias - tendency to select
highest velocities)

Pressure recovery

Pressure Recovery

Pressure Drop

Laminar Flow / Viscosity = 0 Turbulent/ Viscous Losses

Pressure recovery in aortic stenosis

Aortic Stenosis: Doppler and Corrected
Doppler Gradients vs. Catheter Gradients
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Pressure recovery in aortic stenosis
Impact of the size of the asc. aorta
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Baumgartner H et al (Circulation 1994,90:1-276)

Flow Dependence of Transvalvular Gradient
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HR: 88 b/min
SEP: 0.32 sec
75 225

Mean Gradient (nmHg)
Grossman W: Cardiac Catheterization and Angiography

Assessement of Stenosis Severity
PLANIMATRY OF VALVE AREA (AS)
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Severity of Aortic Stenosis
AORTIC VALVE AREA

VALVE AREA vs GRADIENT
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Feigenbaum H: Echocardiography. 1981:275

Aortic Valve Area Calculation
CONTINUITY EQUATION

V2

Aortic Valve Area Calculation
CONTINUITY EQUATION




Anatomic Orifice vs Effective Orifice
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Table 2 Measures of AS severity obtained by Doppier-cchocarciography
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Approaches to evaluation of mitral stenosis

Weasuroment
Units Formula / Method Concept Advantages  Disadvantages
Vaive area
planimetry by 2D echo  em®  tracing milal orifico using  direct measurement of curacy experience roquired
D ocho anatomic MVA independence from - not always feasbie (poor acoustc
other factors window, severe valve calciication)
- pressure haif-time om 22017 ate of decrease of easy to obtain dependence on other factors (AR
ransmital flow s inversely LA compliance, LV diastolic
proportonal to MVA function...)
- continuity equation oM MVA= (CSAor) (VTluq volume flows through mitral (
YTl and aortic oriices are equal flow conditions  of erors)
- ot valid i significant AR or MR
-PIsA oM MVA= (7 (Ve ¥ 9
PO Vu, (a/ 180 mitral volumo flow bythe flow conditions
dmum
diastolc mitral fow
Mean gradient MMHG APy = AV pressure gradient calculated easy to obtain dependent on heart rate and flow
from velociy using the conditons
Bemoull squation
Systalic pulmonary mmHg  SPAP =4V additon of RA pressure and  obtained inmost - arbitrary estimation of RA pressure
artery pressure +RApresswe  maximum gradient between patients wth MS - no estimation of pulmonary
RV and RA vascular resistance
WMean gradient and mmHg APy, gradient and
systolic pulmonary SPAP = 4V SPAP for increasing assessmentof - lack of validation for decision-
artory prossure at +RApressure  workioad tolorance making
oxorcise
Valve resistance _ Mvres = progn
s0¢” om®  BPuun! boless flow- 70 clear threshod for sey

v MS verity
(CSA0r KVThawec ¥ OFT) dependent, but not 1o additional value vs. valve area
ved




Findings indicative for hemodynamcally
significant tricuspid stenosis

Specific Findings

Mean pressure gradient 25 mm Hg
Inflow time velocity integral > 60 cm
T% 2190 ms
Valve area by continuity equation* <1cem™

Supportive Findings
Enlarged right atrium = moderate
Dilated inferior vena cava

Pulmonic Stenosis

Mild Moderate Severe
Peak Velocity (m/s) <3 3.4 >4
Peak gradient (mm Hg) | < 30 B1060 60

Mean Gradient
Right ventricular pressure (TR velocity)

Assessment of valvular
regurgitation severity

Qualitative
- Valve morphology (flail, caoptation)
- Color flow jet (size)
- CW signal of regurgitant jet
e Semi-quantitative
- VC width
- Flow convergence zone size
- PW flow pattern: PV (MR), desc. Ao (AR),
PA (PR), HV (TR)
- CW signal shape (PHT in AR....)
e Quantitative
- EROA, R Vol (PISA, volumetric)
e Secondary signs: LV/RV volume load, atria, PAP

Quantitative assessment of regurgitation:
Volumetric approach

~

Vmax 1.05 m/s
Vmoy 0.40 m/s

GDmax 4.41 mmHg|
GDmoy 0.98 mmHg
Du.Env




Color Doppler assessment

AR Jet
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QUANTIFICATION OF REGURGITATION
Prox. jet width / vena contracta (VC)
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Grading the severity
of aortic regurgitation

Proximal jet width
< 3mm > 6m

S
color jet RS

COLOR DOPPLER REGURGITANT JET

Flow

Proximal Convergence

Jet

Width Proximal
Isovelocity
,ena Surface

contracta® : Area




F I ow DISTAL

convergence | !/
zone \ I
Continuity
Proximal 2r')(nf,")('f‘f;w)
Isovelocity is constant
Surface
Area

Rodriguez et al,

Circulation 1993 AT

Proximal Flow
Convergence

PISA method for quantification of
regurgitant flow and effective
regurgitant orifice area (EROA),
regurgitant volume (R vol)

Hemispheric surface = 2 xr2xm
Regurgitant flow Q = (2 xr2xT) xalias velocity
(2 xr2xT) xalias velocity = EROA x

2 xr2xT xalias velocity

EROA = - 1"
MR velocity . 2

Regurgitant volume = EROA x VTIy




Limitations of PISA method:
1) Position for PISA estimation

Vandervoort et al, JACC 1993

Limitations of PISA method:

2) Accurate radius measurement

- low nyquist limit
- high resolution imaging
- zoom magnification

Limitations of PISA method:

3) Dynamic changes of the anatomic
regurgitant orifice area
- decrease in dilated cardiomyopathy
- increase in mitral valve prolaps
- constant in rheumatic mitral regurgitation

s fon2)

Schwammenthal et al, Circulation 1994




Limitations of PISA method:

4) Effect of orifice geometry
(multiple orifices!)and inlet
angle of the valve cusps

P B A

Surface can in general not be
MITRAL

2S5 LEAFLET assumed to be flat
/’\ (particularly in MV prolapse/flail)

This angle is normally ignored!!!

ANGLE ()
FIRST

Limitations of PISA metod

5) Movement of the regurgitant
orifice
Doppler measures the velocity
relative to the transducer

Regurgitant orifice may be moving
away from or towards the
transducer
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EDV 8951 ml
ESV 2849ml
61.02mi
68. 17 %

Mitral regurgitation
Pulmonary venous flow
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Grading the severity
of aortic regurgitation




Pressure Half-Time

CW-Doppler in AR
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Quantification of Valvular Regurgitation

[mlis)

Grading the severity of aortic regurgitation

Parameters il Moderate Severe

Quaitative

diste  Holodiastolic flow reversal (end-diastolic velocity >20 cm/s)

<200

<10 10-19; 20-2¢ 23
<30 30-44; 45-59¢

EAE recommendations 2010
Grading the severity of mitral regurgitation

EAE recommendations 2010




Thank you
for your
attention

Assessment of Valvular
Stenosis Severity

CW Doppler: Measurement
of transvalvular velocity

Calculation of peak gradient
AP,y = 4V2
Calculation of mean gradient
APpcan = 24Vv2 /N




APICAL 4-CV

Grading the severity
of aortic regurgitation

Farbjet

Y — 3
CW-Doppler PW-Doppler desc. Ao.




