2/20/2018

Quantification of Severity of Mitral regurgitation

With the New ASE Guidelines
Case Studies

William A. Zoghbi MD, FASE, MACC
Professor and Chairman, Department of Cardiology
Elkins Family Distinguished Chair in Cardiac Health

Houston Methodist Hospital

HOUSTOR

Methalist

LEADING MEDIZIKE

ASE GUIDELINES AND STANDARDS

Recommendations for Noninvasive Evaluation of
Native Valvular Regurgitation
A Report from the American Society of Echocardiography
Developed in Collaboration with the Society for Cardiovascular
Magnetic Resonance Released

The same day
in March 2017!

2017 AHA/ACC Focused Update of the 2014 AHA/ACC Guideline for
the Management of Patients With Valvular Heart Disease

A Report of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines

Developed in Collaboration With the American Association for Thoracic Surgery, American Society of
Echocardiography, Society for Cardiovascular Angiography and Interventions, Society of Cardiovascular
Anesthesiologists, and Society of Thoracic Surgeons

WRITING GROUP MEMBERS*

Rick A. Nishimura, MD, MACC, FAHA, C “hair

Catherine M. Otto, MD, FACC, FAHA, Co-Chair
Robert O. Bonow, MDD, MACC, FAHAT Michacl J. Mack, MD, FACC* ||
Blase A. Carabello, MD, FACC*t Christopher J. McLeod, MBChB, PhD, FACC, FAHAY
John P. Erwin 111, MD, FACC, FAHAY Patrick T. O°Gara, MD, FACC, FAHAt
Lee A. Fleisher, MD, FACC, FAHAL Vera H. Rigolin, MD, FACCY
Hani Jneid, MD, FACC, FAHA, FSCAI§ Thoralf M. Sundt 111, MD, FACC!

Anncmaric Thompson, MD**




2/20/2018

New ASE Valvular Regurgitation ‘Metholist

DERAKEY HEART &
VASCULAR CENTER

Guidelines- Endorsed by SCMR

What is New?

® Emphasis on identification of Etiology/Mechanism of
regurgitation

® 2D/3D TTE--an integrative approach & algorithms to assess
severity

® When is TEE needed

® |mportant role of CMR & CMR methodology

® The challenge of co-existing valvular lesions

® Aclinical perspective...

® Library of case studies on the web: www.asecho.org/vrcases

Zoghbi W et al. JASE 30: 303, 2017

Mitral Valve Anatomy ‘Methadist
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Mitral Regurgitation ] e (e
Indicators of Severity RETASELMEATLS

o M
Mitral valve pathology Anatomy
* LV/ LA size 1
* Color Doppler: Color Flow
Vena contracta, Jet Area, Flow convergence

* Mitral E; Pulmonary vein pattern }
Pulsed Doppler
* Regurgitant flow/fraction

® CW density and contour } CW Doppler

Mitral Regurgitation- Color Doppler "Uethodist
3 Components of the Jet AN A"CERTeR
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HOUSTOM =

Mitral Regurgitation Methalist

DERAKEY HEART &
VASCULAR CENTER

Mild Central Severe Central Severe Eccentric

HOUSTOMN

Flow Convergence (PISA) Methalist

DERAKEY HEART &
WALCIJLAR CENTER

Flow Convergence Method

Va PISA radius (1)

Va

Reg Flow = 2nr?x Va
EROA = Reg FI<:\w/PKVReg
R Vol = EROA x VTI___
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Flow Convergence
* Can be used semi-quantitatively
* Assumptions of hemispheric geometry
* EORA may be underestimated in 23 MR
* Less accurate in eccentric jets

* Variability during the cardiac cycle and
limitations in non-holosystolic MR

MR is not always Holosystolic "Uethalist

MR Duration Needs to be Accounted for ST

Holosystolic MR Late Systolic MR Early Systolic MR

i
/

'q@, I‘I"-:I ; . F, ,‘.
"k i




o
C ® ® EROA PISA: 0.38cm?
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Late Systolic MR Aethadist

Mid Systole Late Systole

—

Cannot Use
Color Doppler Single
frame measures of
r . £ severity:
RVal: 27 mL only AN ¢
\ %} 4 Jet area, VC, VCA, Flow
- B Convergence, EROA

Mitral Regurgitation cthidist
Indicators of Severity VR e

* Mitral valve pathology

Anatomy
* LV/ LAsize 1
*® Color Doppler:
PP Color Flow
Vena contracta, Jet Area, Flow convergence

* Mitral E; Pulmonary vein pattern }
Pulsed Doppler
* Regurgitant flow/fraction

® CW density and contour CW Doppler
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Pulsed Doppler Volumetric it Jist
Qua ntitat|on DEBAKEY H .

EART
WALCULAR CENTER

LV Outflow Mitral Annulus

Early Systolg™ : Mid Diastole

Annular Diameter

Velocity- PW

SViwor = CSAwor * VTlyor SV = CSAwy * VTlyy
=0.785 * d? o7 ¥ VTlyor =0.785 * d¥,, * VTl

Regurgitant Volume & Fraction Methadist

DERAKEY HEART &
WALCIJLAR CEMTER

Advantages

- Quantitative, valid in multiple jets and eccentric jets
- Provides both lesion severity and volume overload
Limitations

- Needs training; Cumbersome; wide (20%) confidence
limits

- Measurement of flow at MV annulus is less reliable in
calcific MV and/or annulus
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Chronic Mitral Regurgitation by Doppler Echocardiography |

Yes, mild

Does MR meet specific criteria for | Yes, severe
. mild or severe MR? |
o
I
Specific Criteria for Mild MR Intermediate Values: ‘Specific Criteria for Severe MR
+" Small, narrow central jet MR Probably Moderate +" Flailleaflet
- VCWs03cm 23 \1/ o 2.3 + VCW 20.7 cm or VCA 2 0.5 cm?
+ PISAradius absentor <0.3cmat criteria 1= m = mmmmmmm e ML “-v criteria | * PISAradius 2 1.0 cm at Nyquist 30-

Nyquist 30-40 cm/s | N
Mitral A wave dominant inflow

Soft or incomplete jet by CW Doppler
Normal LV and LA size

. hods wh | : 40 cmis

Perform Central large jet > 50% of LA area
Pulmonary vein systolic flow reversal
Enlarged LV with normal function

24 Criteria \J/ \l/ \L \J/ \l/ \l/

Definitely mild EROA <0.2 cm? EROA 0.2-0.29 cm? EROA 0.30-0.39 cm? EROA 2 0.4 cm? 24 Criteria
RVol <30 ml RVol 30-44 ml RVol 45-59 ml RVol 2 60 ml § Definitely severe
RF <30% RF 30-39% RF 40-49% RF 2 50%
MR Grade | MR Grade Il MR Grade IIl MR Grade IV

3 specific criteria
for severe MR or
elliptical orifice

T

Mild Moderate Severe
MR MR MR
+ Poor TTE quality or low in Doppler Indeterminate MR
. and andfor clinical data Consider further testing:
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, VCW, and VCA overestimate non-holosystolic MR

1 | Regurgitant volume for severe MR may be lower in low flow conditions.

Case 1
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65 yo female -- BP 160/67 mmHg -- BSA 2 m?

EDD 4.8 cm

~ ';—
VCW 0.5 cm

PISA radius 0.9 cm at Va 39 cm/s
EDV 132 mL ‘ i A | A

| Chronic Mitral Regurgitation by Doppler Echocardiography i

Does MR meet specific criteria for
e mild or severe MR?

Specific

+ Bmall

= VOWsO3cm 2.9 4‘ 2.3 VCW s0.7em

* PISA radus atsentof <03 cmat crteria . crilerid * PISA radens x 1.0 om at Nyguist 30-
Hyquist 20-40 ems feria o haki b il } e e 40 cos

M A wave domnan infiow 3 Parform o Cantraltaige 4t > 50% Of LA 83

+ Softorincomplelsjetby CWDopghes | [ TTTTTTmmemmmmmmmmmmemmeeee + Puimanary ven systoic fiow reversal
* Normal LY and LA sCe +  Entargea LY with nomal funcson
=4 Coniite CQOA:i:.n.zf.mJ ] J&’mm ||J':41 79 e EROA ni.n.‘wfn* I-'Iw:l:u cm? 24 Criteria
Defintely mid Rvol < 30 ml Vol 30.44 el RVl 4559 mi RVl 2 60 ml§ Definitety sevene
Y «30% RF 30.30% RF 40.40% RF 2 5%
MH Grage | MR Gracs If MR Grgay I MR Grage IV
3 specific criteria
for sevore MR of
elipbeal onfice
Mild | Moderate Severe
MR MR MR
| + Poos TTE quality n(luunm:‘mhll-ulmfhpph( paraniaics _— T::;i'}“_::?tﬂ’:f
. andios al ta e
= ot TEE or CMR for quantitation

eware of underestmation of MA severity in ecoentric, wall impinging fets; quantitaton 15 advised

Al values for EROA by PISA assume halesystolic MA: single frame ERDA by PISA and VOW overestimate non-holosystolic MR

1 | Regurgant vohime for sirvere MR may be lower in low Bow conditions
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Chronic Mitral Regurgitation by Doppler Echocardiography |

Yoo il Does MR meet specific criteria for I Yoz, severs
: mild or severe MR? | l
Intermediate Values:
Criteria for Mild MR
s e e | e o
+ VEWs03em 2.3 ‘b - 23 + VEW =07 cm
* PISA radus atsenor « 0.3 ¢m al ey e et e, AR TR SRR cntena | < PISA rads = 1.0 om at Niguist 30-
ke k0 e Parform hod: Il 2
+ Wil A wave dominant infigwy cH el sttt b s b o : + Gentral kaige jot > 50% of LA area
+ THomal LV and LA size + Eniared LV with nomai funcion
24 Critena J’ ‘i 'L 'L i’ .l' 24 Critefia
a
Detinitely mild ‘m: ".]:r Em;‘ﬁ’f swﬂw m::::ﬁ‘ Dafinitedy sevene
RF «30% RE 30.30% RE 40-40% FF 2 50%
MR Grade | MR Grade I MR Girade I MR Grade IV
3 spocific criteria
for servere MR or
elipheal onfice
—
Mild Moderate Severe
MR MR MR
TR | Indeterminate MR
i o v pi ancbor clinicai dt |— Consider further testing:
TEE or CMR for quantitation
" Beware of m‘ﬂe‘m;ﬁmlﬂen e‘l'#;!ﬂ mlqlﬁ eccentric, wall impnulr\g jeh‘s: qulﬂ.n:z;m.li lmseu
| "= | Aivaiues for ER0A by PIsa sssume halasystolic MA: single frame EROA by PISA snd VEW overestimate non-holosystolic MA |
1 Regurginnt volume for severe MR may be lower in low Bow conditions
Chronic Mitral Regurgitation by Doppler Echocardiography |
Does MR meet specific criteria for | Yes, severs
mild or severs MR? I l__
1
Intermediate Values:
Specific Criteria for Mild M Criteeta for Suvere MR
"t oyl MR Probably Moderate | |”""'°.....
T 7 7 om al Wyquist 30-

Sattd!

i Perform quantitative methods whenever possible ::;w;gw

T m—————————— el === =
o] ok /I s R
ERDA <02 cm? EROA 02025 cm? EROA 0.30.0.38 e EROA 204 e o
Definitely mild RVl <30 ml RVl .44 ml Rval 4559 ml RVol = 80 ml § Defirutedy sevene
RF < 30% RE 30-30% RF 40-80% RF 2 S
MR Grade | MR Grode I MR Grade Iif MR Grade IV
3 spweihe critersa
for severa MR or
sfiptical ceifice
—
Mild Moderate Severe
MR MR MR
« Poor TTE " T : Indeterminate MR
— ~ ‘TEE or CMR for quantitation

- Beware of underestimatian of MR severity in eccentric, wall Impinging fets; quantitation |s advized

| *+ | Al values for FROA by Pi5A assume holosystolic MA; single frame EROA by PI5A and VCW overestimate non-halosystolic MR
1 | Regurgitart volunse for severn MR may be lowes in low Bow conditicns

10
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"{'“‘f’ 'g‘,rr' ‘t;:

LVOT SV = 0.785*LVOTO”amz*LVOTVTI =0.785%22%24.2 = 76 mL EROA = 2*1t *PISAZ,ad,us*Va/PkVeI 6.28*0.92%39/529 = 0.38 cm?

PISA radius 0.9 cm “ MR PkVel 529 cm/s
i \ R ' “MR VTI 60 Cm

RVol = EROA*MR,y, = 0.38*60 = 23 mL

RVOlyyinfiow = MV SV — LVOT SV = 95 -76 = 19 mL - RF = 19/MV SV = 20%
RVoly, sy = LV SV — LVOT SV = 89 -76 = 13 mL --- RF = 13/MV SV = 14%

Case 2

11



44 yo male -- BP 128/66 mmHg -- BSA 2 m?

Cardiac Prospective | PHECHO" / &Vie

59 fps 1 {70 o
61 bpm / NTH Pengtration
20—

HALOMH [ 1 9B
DR} 6748

EDV 221 mL
.ﬂ,/\_—_,;ﬂ‘,/u_'.d I S | - NS

| Chronic Mitral Regurgitation by Doppler Echocardiography |

Does MR meet specific criteria for
mild or severe MR?

speciic

+ Small
+ VOWs03cm 73 'L 53 ~ VCW =07cm
+ PISA radus absentor « 03 cmal ciiteria  Femmmmmm e e e entens * PISA raduss = 1.0 om at Nyguist 30-
Nyquist 30-80 cmis ¥ 3 Parform 40 ey
+ Miral A wane dominand inflow 5 : = Central iigs ot = 50% of LA area
+ S0 or mcomplete jet by CW Dopplar +  Pulmanary wiin systonc iow reversal
* Normal LY and LA size + [nlarged LY with nomal funcion
=4 Crtena ROk Lot = 3 24 Critetia
Definitaly mid 2 EROA 0.2.0.29 om ERCA 0.30.0.39 cm® ERDA 2 0.4 e " Y
Rvol < 38 mi RVl 3944 mi KVl 4559 mi RVol 2 80 mi g Drefinitedy severne
RF = 30% RF 30.39% RF 40-40% RF * 0%
MR Grade | MR Grade It MR Grace It MR Grade IV
3 specific critena
for severe MR or
sliptical cnfics
Mild Moderate Severe
MR MR MR
+ Poor TTE quality o low confidence in i Dopp | l‘l:'ldetennhlnm MR
. and andior clinical data [ onaker rdvr vesting:
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 MA; single frame EROA by PISA and VOW overestimate non-holosystolic MR

1 Requrgiant valums for severe MR may be lowe in low Bow conditicns.

2/20/2018
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| Chronic Mitral Regurgitation by Doppler Echocardiography i

Yes. mild

- | Does MR meet specific criteria for Yoz, severs
- mild or severe MR? i
I
__________ Intermediate Values:
Specilic Criteria for Mild MR Specec Criterta for Suvers MK
+ Smal parce cerral jet | MR Probably Moderate « Fiad nanot
+ VOWs=03dem 24 J{ 2.3 - VoW =0tem
+ PISA radus absentor =03 cm al e e LI e o et criteria | * PIBATades = 1.0 cm at Nyguist 30-
Hyquist 30-50 emis n b Ty
+ Mitral A wae dominant inflow | Perform

= Contral bege jut = 50% of LA atea

+ Soft or mcomplete et by CW Doepler * Pulmanacy v Sestolc fow teversal
+ NormalLY ana LA sce = Enlangéd LY with nomal funchion
24 Criteria d’ J{ ‘1' ‘1'

=4 Crilena
b EROA <02 e EROA 02025 cm? EROA 0.30.0.38 e EROA 204 e |
Definitely mid ol <30 mi RVol 3044 ml RVl 45.59 mi Definitely savery
RF < 30% HF 30-30% RF 40.40% St
MR Grage | M Grade If MR Giracie 1T

1 v_-j
Mild Moderate Severe
MR | MR MR
+  Poor TTE quality or low in }_ =
5 i Consider further testing:
i b st TEE or CMR for quantitation

Beware of underestimation of MR severity in eccentric, wall Impinging [ets: quantitatio

All values for EROA by PISA assume holosystolic MA; single frame EROA by PISA and VOW overestimate non-holosystolic MR

1 | Regurgitant vohime for severs MR may ba lwr in kw Bow conditions

B “, 3z ’

EDV 221 mLT ESV86mL =

?"sr-;ch-__

LV SV = EDV - ESV = 221 - 86= 135 mL (LVEF 61%)

PISA radius 1.3 cm Pkvel 514 cni/s
\ A h ‘VIR VTl 86/cm

aivs¥Va/PkVel = 6.28%1.32%34/514 = 0.7 cm?
RVol = EROA*MRy;, = 0.7*86 =

LVOT VTI 14.3 cm LVOT diameter 2.1 cm

LVOT SV = 0.785*LVOTy,, . 2*LVOT,y, = 0.785*2.12¥14.3 = 50 mL EROA = 2*1T*PISA?

RVOlyyinfiow = MV SV — LVOT SV = 121 - 50 = —RF=71/MV SV = 59%
RVol,y ¢, = LV SV — LVOT SV = 135 -50 = - RF = 85/MV SV = 70%

13
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Case 3

54 yo female — BP 114/62 mmHg — BSA 1.9 m?

= T 3 . :Ilf." i l‘l wd M;[ ﬁ'hy‘

PiSA raaius 0.6 cm
Va 39 cm/s

"y o e

14



| Chronic Mitral Regurgitation by Doppler Echocardiography i

_______ L.

Yes. mild

Does MR meet specific criteria for

mild or severe MR?

Yoz, severs

Specific Criteria for Mild M

+ Small, namow cenimi jet

+ VCWe0dem

+ PISA radus absenior =0
Nyquist 30-80 s

+ Maral A wave dom

Intermediate Values:
MR Probably Moderate

R

peclic Cirlprka for Severe MR

Flad inant

VOW =07 em

PISA radus = 1.0 om at Nyquist 3-
40 cmiy

+ Soft or mcomplete jet by CW Deppler
+ NormalLV ond LA e

|

[t = 50% of LA area
Puimanary win systaic ow reversal

| = Enlangéd LY with normal function
EROA <02 et EROA 0.2.0.2% cm? EROA 0.30.0.38 cm EROA 2 0.4 con? 24 Criteria
Rvol < 30 mi RVl 3044 ml RVl 4559 mi RVol = 80 ml § Diehrutedy sevee
RF = 30% RF 30-39% RF 40-40% RF » S0%
MR Grade | MF Grade It MR Girade 1 MR Grade IV
3 speaihe crfena
for savera MR or
aliptical orifice
Mild Moderate Severe
MR MR MR
Poor TTE qui of low in
. ) and andioe clinical data }— > Consider funther testing:
TEE or CMR for quantitation

Beware of underestimatian of MR severity in eccentric, wall impinging jets: quantitation |s

¥ b b i bouwe Biow conditions

All values for EROA by PISA assume holosystolic MR; single frame EROA by PESA and VOW overestimate non-halosystolic M&
1 | Regurgitant volume for severe MR m3

2/20/2018

15
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| Chronic Mitral Regurgitation by Doppler Echocardiography i

Yes. mild

Does MR meet specific criteria for Yoz, severs
: mild or severs MR?
v : T
e T Intermediate Values:
Specific Crivenia for Mild MR Specilic Crit fof Severs MR
¥ Soma. narow eeparal e | | MR Probably Moderate Tt
+ WeWed¥em O L
= PISA rades aty INHW
Nyquist 30-40 ¢ . P =
: wmawed  Perform quantitative methods whenever possible nx=
P MomallVandle = = = = = m = = e e mm—-=—aa Fe-mmecmccmeccmcccm-=me=—=== = —icton
& Ul ' .
[ lpr.ﬁt.fl:n:'.‘l: BEOR ST ol EROA 0.2.0.29 o EROA 0.30.0.39 it EROA 2 0.4 et 4 Critefia
YT Rvol < 30 mi RVl 3044 ml RVl 45.59 mi Vol ® 60 mlg Definitety sevene
RF « 30% RF 30.39% RF 40-40% RF * 0%
MR Grade | MR Grade If MR Girade I MP Grade IV
3 ic crilena
™ 1
Mild Moderate Severe
MR ] MR MR
Indeterminate MR
o ‘w-m o rx ancbor clinica data I Caomsidur furthue testing:
- TEE or CMR for quantitation

Beware of underestimation of MA severity in eccentric, wall Impinging jets; quantitation is acvised
All values for EROA by PISA assume holosystolic MA; single frame EROA by PISA and VOW overestimate non-holosystolic MR

1 Regurgnnt valume for severe MF may be lowes in low fow conditions.

>

|
k M L*' M Hn J '|||'.h

AR

LVOT TVI 12.5 cm

" MRVTI173 cm

” "‘E’F L » . ﬁ'
PISA radius 0.6 cm l | l | ._ A

Va 39 cm/s

LVOT diameter 1.9 cm

LVOT SV = 0.785*LVOTy;,,2*LVOT,, = 0.785*1.92*12.5 = 35 mL EROA = 2*1t*PISAZ,, .. *Va/PkVel = 6.28%0.62*39/511 = 0.17 cm?
RVol = EROA*MRy, = 0.17*173 =

RVOlyyinfiow = MV SV — LVOT SV = 73 - 35 = - RF = 38/MV SV = 52%
RVol,y ¢, = LV SV — LVOT SV = 65 -35 = - RF = 30/MV SV = 41%

16
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New ASE Valvular Regurgitation ‘Metholist

DERAKEY HEART &
WASCULAR CENTER

Guidelines- Endorsed by SCMR

What is New?

Emphasis on identification of Etiology/Mechanism of
regurgitation

2D/3D TTE--an integrative approach & algorithms to assess
severity

When is TEE needed

Important role of CMR & CMR methodology

The challenge of co-existing valvular lesions

A clinical perspective...

Library of case studies on the web: www.asecho.org/vrcases

Zoghbi W et al. JASE 30: 303, 2017
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