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Kvantifikace mitralni regurgitace

ECHO a MRI

Radka Kockova
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European Journal of Echocardiography (2010) 11, 307-332 RECOMMENDATIONS
EUROPEAN doi:10.1093/ejechocard/jeq031
European Association of Echocardiography 20 10
recommendations for the assessment of valvular
regurgitation. Part 2: mitral and tricuspid
regurgitation (native valve disease)
@ European Heart Journal — Cardiovascular Imaging (2013) 14, 611-644 RECOMMENDATIONS
FUEDEE AN doi:10.1093/ehjci/jet105
Recommendations for the echocardiographic 2013
assessment of native valvular regurgitation: an
executive summary from the European
Association of Cardiovascular Imaging
@ESC im0 15 ESC/EACTS GUIDELINES
European Society doi:10.1093/eurheartj/ehx391
of Cardiology
2017 ESC/EACTS Guidelines for the 2017

management of valvular heart disease
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ASE + SCMR guidelines 2017

ASE GUIDELINES AND STANDARDS

Recommendations for Noninvasive Evaluation of @CMk
Native Valvular Regurgitation

A Report from the American Society of Echocardiography
Developed in Collaboration with the Society for Cardiovascular
Magnetic Resonance

William A. Zoghbi, MD, FASE (Chair), David Adams, RCS, RDCS, FASE, Robert O. Bonow, MD,
Maurice Enriquez-Sarano, MD, Elyse Foster, MD, FASE, Paul A. Grayburn, MD, FASE,

Rebeccal'. Hahn, MD, FASE, Yuchi Han, MD, MMSc,” Judy Hung, MD, FASE, Roberto M. Lang, MD, FASE,
Stephen H. Little, MD, FASE, Dipan J. Shah, MD, MMSc,” Stanton Shernan, MD, FASE,
Paaladinesh Thavendiranathan, M D, MSc, FASE,* James D. Thomas, MD, FASE, and
Neil J. Weissman, MD, FASE, Houston and Dallas, Texas; Durbam, North Carolina; Chicago, Illinots; Rochester,
Minnesota; San Francisco, California; New York, New York; Philadelphin, Pennsylvania; Boston, Massachusetts;
Toronto, Ontario, Canada; and Washington, DC
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ECHO - optimalizace zobrazeni

Optimalizace depth a sektoru === 1 1 1 FPS

Maly sektor barevného doppleru === 1 1 1 FPS

ZOOM ===) pro mereni

EKG - vhodny cine-loop

 Minimalne 2 projekce (PLAX, 4-dutinova)



h
NEMOCNI

L
et
o
=
o
= =
<
=

(D)

E

High

Color Gain

Nyquist Limit

12:44:28 pm
7 TE-VSM 11Hz
- 7.0MHz 90mm

Transducer
frequency
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Barev'ny doppler

Velky barevny jet
* Vysoka rychlost toku regurgitacnim ustim
u levostrannych regurgitaci merime TK!!!
Centralni jety = vetsi jet
Tissue priority |

Maly barevny jet
« Excentricke jety podél stén = mensi jet
Tissue priority 1
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FPS — ¢asové rozliseni je velmi dulezité

Holosystolic MR Late Systolic MR Early Systolic MR
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Barevny doppler
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« Barevny doppler slouzi k diagnostice
vady

* Plocha regurgitacniho jetu v barevném
doppleru by nemeéla byt uzivana ke
kvantifikaci mitralni regurgitace

 Komplexni kvantifikace vady je
doporucena u vice nez malé regurgitace

Doporuceni EACVI 2010
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Vena contracta

* Nejuzsi misto reg. jetu tésne pod reg. ustim
 Laminarni tok

EROA (efektivni regurgitacni usti)

 Je mensi nez ARO (anatomickeé reg. usti)




Vena contracta
ZOOM
T frame rate
Nyquist 40-70 cml/s
2D ECHO VC width (mm) 3D ECHO VC area (mm2)

APICAL4-CV "

"Flow

Convergence

2o \ \,’("

-

PLAX

ardiovascular Imaging (2012) 13, 1-46
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Flow Convergence Method

\Va PISA radius (r)

Reg Flow = 2nirx Va
EROA = Reg FIow/PKVReg
R Vol = EROA x VTI___

100mm/s
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APICAL4-CV

MR ERO

MR RY

3871 mm2

61.81 ml

1 MR Vmox

MRVTI

gl. o m'x

531 m/s

1596 mm

"l whd

! - 1VI

'd

EROA 39 mm?

R Vol 6t-ml' —

Y '.", e 3
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PISA m— Ilmltace

PISA = jeden moment casu (| sekundarnich vad, 1
telesystolickych primarnich vad)

Predpoklada rovnou plochu chlopné

Tvar regurgitacniho usti = sterbina u sekundarnich
vad | |

Excentrickeé jety = problematické (mozné)

3D PISA = presneéjsi zmereni povrchu za cenu |
casového a prostoroveho rozliseni

Vice jetu nutno séitat, drobné vynechat
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Vyhody Nevyhody
Relatively quick and easy Not valid for multiple jets
Relatively independent of haemodynamic and Small values; small measurement errors leads to large %
instrumentation factors error

Not affected by other valve leak Intermediate values need confi rmatiof

Good for extremes regurgitation: mild vs. severe

Can be used in eccentric jet Lacks published data in PR

Can be used in eccentric jets PISA shape affecte

Not affected by the aetiology of regurgitation or other
valve leak

Quantitative: estimates lesion severity (EROA) and
volume overload (R Vol)

Flow convergence at 50 cm/s alerts to significant MR~ Pl
Large flow convergence at 28 cm/s alerts to 5in PISA measurement are squared
significant TR Inter-observer variability
Not valid for multiple jets

Feasibility limited by aortic valve calcifications in AR
Validated in only few studies in TR
Lacks published data in PR
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* Transmitralni tok v PW (vrchol cipu MV)
E > 1.5 m/s — pravdépodobné vyznamna MRI

i’ | “;.
P F“*v 'L: b t!

LAk s A .

Moderate MR Severe MR
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Annular Diameter

Velocity- PW

S
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Mid Diastole .- S

s

4%
. .L. SR

SVivor = CSAyor * VTlyor
=0.785 * d?yor * VTlyor

SV, = CSAyy * VTl
= 0.785 * d2,,, * VTl
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EDV 8951 ml
ESV 2849 ml
sV 61.02 ml
EF 68.17 %
SDI16 1.2%

A
Va-i

Vmod 128 mi
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Leva komora: EDD, ESD, EDV, ESV, EF (3D)

Objem levé sinée (LAVI)

Systolicky tlak v plicnici

Idealné Ize doplnit hodnoty deformacni
analyzy myokardu (strain, TDI)

Doporuceni EACVI 2010
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Parametry vyznamné MR
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Kvalitativni hodnoceni

Mitral regurgitation

Valve morphology Flail leaflet/ruptured papillary muscle/
large coaptation defect

Colour flow regurgitant jet Very large central jet or eccentric jet
adhering, swirling, and reaching the
posterior wall of the LA

CW signal of regurgitant jet Dense/triangular

Other

Large flow convergence zone?
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Parametry vyznamné MR

Semikvantitativni a kvantitativni hodnoceni

Semiquantitative

Vena contracta width (mm) >7 (>8 for biplane)®
Upstream vein flow* Systolic pulmonary vein flow reversal
Inflow E-wave dominant =1.5 m/s’
Other

Requrgitati gf)Vl aortic >1.4 > 50
Quantitative Primary Secondary”

EROA (mm?) =40 220 > 30

Regurgitant volume (mL/beat) =60 =30
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Integratlve approach

Chronic Mitral Regurgitation by Doppler Echocardiography

Y

Yes, mild Does MR meet specific criteria for Yes, severe
. mild or severe MR? ”
Y Int di Ii Val Y
Specﬂ'c Criteria for Mild MR ntermediate vVa uesi Specrﬁc Criteria for Severe MR
Small, narrow central jet MR Probably Moderate Fail leaflet
. VCW‘I]?)cm 2.3 \L . 2.3 « VCW =207 cm
* PISA radius absentor =0.3 cm at D, 4 PPy » PISA radius = 1.0 cm at Nyquist 30-
Nyquist 30-40 cm/s criteria_ s h ible - criteria 40 cm/s
+ Mitral A wave dominant inflow {_Perform quantitative methods whenever possible | - Centrallarge jet > 50% of LA area
+ Soft or incomplete jet by CW Doppler + Pulmonary vein sysfolic flow reversal
« Normal LV and LA size » Enlarged LV with normal function
A4
o A 4 N4 Y A 4 A 4 A4
=4 Criteria =4 Criteria
Definitely mild EROA <0.2 cm? EROA 0.2-0.29 cm? EROA 0.30-0.39 em? EROA = 0.4 cm? - .
Y RVol < 30 ml RVol 30-44 ml RVol 45-59 ml RVol = 60 ml Definitely severe
RF < 30% RF 30-39% RF 40-49% RF = 50%
MR Grade | MR Grade Il MR Grade Il MR Grade IV
3 specific criteria
for severe MR or
elliptical orifice
v v v A4 ‘1/ / A4
Mild Moderate Severe
MR MR MR
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Kvantifikace MR

« Vyska, vaha, BSA

« TKa TF behem vysetreni

* Rytmus
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Indikace MRI u mitralni regurgitace

1) omezena kvalita ECHO zobrazeni

2) ECHO parametry se rozchazeji (neprimerena
dilatace LK a MR 1-3/4)

3) klinicky obraz a ECHO se rozchazeji
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Magneticka rezonance
Kvantifikace MR

« Zobrazeni regurgitacniho jetu

« Kvantifikace regurgitacniho objemu

* Planimetrie regurgitacniho usti
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MRI - Morfologie chlopne

Prolaps zadniho cipu Funkcni mitralni vada
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Kvantifikace MR

LV stroke volume — Ao total forward flow

e LV stroke volume — PA total forward flow

e LV stroke volume — RV stroke volume

« Mitral inflow SV — Aortic total forward flow
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MRI - kvantifikace mitralni regurgitace

HOMOLCE

Regugitacni objem — RV (mL)

RV (mL)= LV stroke volume (mL)- Ao forward flow (mL)

Regurgitacni frakce — RF
RF(%) = 100 2V ()

LV stroke volume (mL)
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MRI - vyznamna mitralni regurgitace

Stredni MR = RV 45-60 ml

Vyznamna MR = RV > 55 ml
RF > 40%

Prediktor Casné progrese vady!!!

CMR guide.com
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Sekvence magneticke rezonance pro MR

* MRI disponuje sekvenci schopnou sledovat
prutok — phase contrast velocity mapping

 MRI je ,,zlatym standardem® pro hodnoceni

parametru srdec¢nich komor — EF, EDV, ESV,
SV
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Phase contrast velocity mapping

Retrospektivni gating

]

* Nezbytné k zajisteni pokryti celé delky
srdecniho cyklu — nabeéer dat po celou dobu
systoly | diastoly
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Phase contrast velocity mapping

* Kratky nabér dat z 12-16 srde€nich stahu
Vetsi nachylnost sekvence k chybe pri
nehomogenite pole, rychlejsich zmeénach
gradientt
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Phase contrast velocity mapping

-ree breathing — cca 2 minuty naberu dat

Artefakty pri z pohybu pri dychani = nutné je
melké dychani
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Phase contrast velocity mapping

o~ ; - | bl Lo wn 20
Re2 2Ny presne kolmo k prutoku xrve

—

-

ez “\,”J]’J‘féf’,l,’\ 7 1Isocentru [‘[‘|g|(J[‘|etl4| (IZ(J)

minimalizace vlivu nehomogenity pole
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Phase contrast velocity mapping

b
-

» Casove roziliseni < 50ms

» Spravne nastaveny VENC
- | VENC = aliasing
- 1 VENC = podhodnoceni rychlosti




o frs g
o S% (&
s < A
S D m
p A= <z( ‘I&’ ko
NEMOCNICE O¢c KRR

/R ,:gmng‘e‘

'
Tes
. 9 !




e

L
S
o
=
o
p
<
=

s N
NEMOCNICE

Phase-contrast velocity mapping
Prutok sinotubularni junkci

ROI - STJ
Anatomie chlosti

ROI-1
8.6 [cm?]

Slice:01.Tfhe'¢
- flow_aort_stj_300_throu f
ORIGINAL\P )
ROI-1
9.6 [cm?]

Slice:01 Time:624 ms (R Sisas S e s S Slice-01 Time!624 s,

flow_aort_stj_300_throu (Mixed) flow_aort_stj 300_throu Q/(ntfﬂ
ORIGINAL\PRIMARYYMIRETRODIS2D (Mixed) o ORIGINAL\PRIMARY\WNRETRODIS2D i
Flow (magnitude), Aorta R ESARESES S T e F{qw«(ﬁggﬁ;{g_?l‘ r}?
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Eddy current

1. Redukce odchylky optimalizaci sekvence na
konkrétnim scanneru

2. Pouziti Flow phantom nebo korekce
postprocesingem
Peter Gatehouse

Chyba 0.6 cm/s = v toleranci
5% chyba CO

10% chyba L-R shunt

2.5% Regurgitacni frakce u AR

MP Rolf et al.JCMR 2011
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Korekce Eddy current compensation
Off-line

- Automatic Eddy Current Compensation = O X

MEDVISO

Cancel Adjust OK / Apply
- a x
Fhase ot siatic phesis [omis) Estmated phase aror {cm's) Apphad phasecomection (cm's}
. M
i -ﬁt S e
S i
=l TRl 15
e
1
05
a
05
-
. A5
X s &
o T v
Magitude thresnort a1
: Py | 4
Sacanc-araer seynomil (GuadrEne)
Phantom Experiment ('GE"-melhod) evalon g -
|
O neiude only Static lsses RCE
Exclids Non- st tssos RO
Cancel Claar Caculite Apply Dons

[ Time dependent eddy-carrents (nct-defaut)
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MEDVISO

- Flow report

Static tissue

10fem?)
5200+498

Aortic descending flow

9 e
1401422811

Shice:01 Time. 788 ms|
SQF AORTA vila

Mixed image Types|

Flow (through plane) Aorta|

— a X

350

L]

=]

=
T

Flow [mbs]
-
o
o
T

100 --

Net flow. [Stationary eddy current compensation applied]
T | T

Eddy Current Compensaation

Switch Fiow Sign

—  Parameter to plot:

RO ROI-1:

Met: 61.9 ml

Met: 424 I/min

Forward: 62.8 ml
Backward: -0.828 ml
Regurgitant fraction: 1.32%

: ROL. Static lissus.
50 : Met: 0.506 mi
: : Met: 0.0347 Vmin
: : Forward. 0.792 ml
H ; | [Backward: -0 256 ml
0 : : . L |Regurgitant fraction: 36.1%
50 1 1 1 i i | | 1 W
L] 100 200 300 400 500 &00 Too 800 < >
Time [ms] :
— - Heart rate: 58.5 [bon]
Nunter of imetrames,| 35 Resample Resot resamping [Jetacurser [ ]zoamon Export Cloge
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Stanovenl stroke volume LK - MRI

38m B 3ami H 28m B 19m P 5mi=206 ml

WEDV= 4a1m i aam

WVESV= Oml B 30m B 27m B 2am T 13m T 3m T omi=102ml
' — ol

nd-SystoIe
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EF a objem srdecnich komor
“ZLATY STANDARD?”

Slice:03 Time:000 ms
cine_4V_tfi_ 2D

ORIGINAL\PRIMARY\M\RETRO\DIS2D
General,Unspecified
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and MRI in the Assessment of
Mitral Regurgitation Severity

A Prospective Multicenter Trial

* 103 pacientu, 38 izolovany vykon na mitralni
chlopni a 26 pts mélo MRI 5-7 mésicu po KCH

« ECHO + MRI
« Analyza v centralni laboratori 2x

 Jen kvalitni ECHO zaznam, bez dalsi
signifikantni chlopenni vady, zkratu, KMP cCi
ICHS...

Uretsky S, Wolff S.D. JACC 2015
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Metody mereni
Core Lab, 2 vysetrujici

1 oW FR 18Hz
A m +83§
v ®
of 5 - ° -

; ™
sopm
B R adion 40 w FR 18Hz
* - - € 3¢
o = ’ b ow "

e

0O 250 500 750
Time (ms)

Uretsky S, Wolff S.D. JACC 2015
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Spolehlivost hodnoceni MR
ECHO versus MRI
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Reproducibilita MRI byla vyborna — shoda v 90%
Reproducibilita ECHO stredni — shoda u 61%

34% s ECHO vyznamnou MR = MRI lehkou vadu

Chronic Mitral Regurgitation

MRI Echo

51%
Mild

Uretsky S, Wolff S.D. JACC 2015
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Prognostic Implications of MRI Derived
Quantification in Asymptomatic Patients With
Organic Mitral Regurgitation

« 258 pacientll s asymptomatickou stredni a
vyznamnou MR a EF LK > 60%

« ECHO a MRI zhodnoceni vady (CorelLab)
* Follow up 5 let

« Korelace ECHO a MRI u 76%
(vyznamna vada 31%, stredni vada 69%)

« Rozdilné hodnoceni u 24%

Penicka M et al. Circulation 2018
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Prognostic Implications of MRI Derived
Quantification in Asymptomatic Patients With
Organic Mitral Regurgitation

* 15% pacientll zemrelo
* 41% zemrelo nebo bylo operovano pro MR

Penicka M et al. Circulation 2018
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Prognostic Implications of MRI Derived Quantification
in Asymptomatic Patients With Organic Mitral
Regurgitation

MRI Iépe identifikuje pacienty s vyznamnou MR
MRI Iépe predikuje prognozu u signifikantni MRI

4ac All cause mortality and
indication for MV surgery

— RV(MRI), AUC = 0.83
—= LVESVI (MRI), AUC = 0.69
— RV (ECHO), AUC = 0.68

—= EROA (PISA), AUC = 0.67
-=« LVESD (ECHO), AUC = 0.56

Sensitivity, %

100% - Specificity, %

Penicka M et al. Circulation 2018
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Dekuji za pozornost

MUDr. Radka Kockova PhD
Centrum pro vrozené vady v dospélosti
Nemocnice Na Homolce
radka.kockova@homolka.cz




