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Diastolische LV functie
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Systolische versus diastolische functie
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Casus

Vrouw 30 jaar komt met dyspnoe.

Obesitas (BMI 30).
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Diastologie 2011
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Casus 4 jaar later

Progressieve dyspnoe, nu BMI 35, ook DM2 en HT
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LAVI 2015
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Diastologie 2015
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Wat is er gebeurd...

MV Doppler
MV E Vel

MV DecT

MV A Vel

MV E/A Ratio
E/E'
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Diastology — The Rosetta Stone of Cardiology
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De 4 klassieke fasen van de diastole

1. Isovolumetrische relaxatie fase:
2. Snelle vullingsfase:
3. Diastase: langzame vullingsfase:

4. Atriale contractiefase:

sluiting Ao klep tot opening MV
transvalvulair druk gradient
low flow

atrial kick
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Myocardiale twist en untwist

Generatie van de negatieve LV druk vindt
plaats gedurende IVRT en wordt
gerealiseerd door de untwist

A L B Ejection

Twist Untwist

. <.

Sabcpik mdiem Subendkex sndliam

D . Farly
<! Diastole <

LT -

Buckberg et al. Echocardiography 2011;28:782; Sengupta et al JACC Img 2008;1:366
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Vloeistof dynamica: intraventriculaire vortices

Behoud kinetische energie

2D time-resolved flow mapping

Normale vortices Gestoorde vortices
Annu. Rev. Fluid Mech. 2015. 47:315-42
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Vertaling van vloeistof dynamica naar echo doppler
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Vertaling van vloeistof dynamica naar echo doppler
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Diastologie: volume druk curves: het stijve hart

LVEDP advanced HFpEF
early HFpEF

15 mmHg

normal

rest exercise

LV volume
|dentificatie van niet cardiale dyspnoe vs vroege vs gevorderd HFpEF

Neth Heart J 2016;24:244



Epidemiologie

Prevalentie van diast dysfunctie: 28.1%

Cross-sectional survey of 2042 randomly selected
residents of Olmsted County, 2 45 yrs from ’97-"00
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Table 1, Previlerwe of Systole and Disstolic Dysfunction Accosding 1o Age and Sex*
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| Appleton B Paulus 2007 | Nagueh 2009 B Nagueh 2016
Grade 2-3 DD L 2/3 criteria) L
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Huttin O et al. JACC 2017:69;3119



Diastolische dysfunctie voorspeller van mortaliteit

Mayo clinic Olmsted County data: 2042 randomly selected residents >45 yrs.
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HR:10.7
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nol

JAMA 2003;289:194
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Aanbevelingen 2016

Achtergrond:

ASE/EACVI CUIDELINES AND STANDARDS

Recommendations for the Evaluation of Left
Ventricular Diastolic Function by Echocardiography:

An Update from the American Society of « Diastologie is te complex.
Echocardiography and the European Association
of Cardiovascular Imaging

S, S, Chn, M, A, O, S, G, S, 0D Conbanle I, gy * Wordt niet goed geinterpreteerd.

Bevgrwn B Beed LI MDY FASE Moo Dodsined, MDY FASE . Thwe Besandan, MDY WD
Fromh A Flabeisamasd, MDD, PR, FESC Thiorry © Galleiet, MDY, Pl FESCC Al L Beon, S0, FASE,
Pasron Lameelbom MDY, ™ TN pedo Mocwar MDY FEM Ie K 0% _MD,
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J Am Soc Echocardiogr 2016;29:277-314
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Vereenvoudigd algoritme bij normale LVEF

In patients with normal LV EF

<50%
positive

Normal Diastolic
function

|

1-Average Ele" > 14

2-Septal e’ velocity < 7 ci/s or

Lateral @' velocity <10 cm/s
3-TR velocity > 2.8 m/s
4-LA volume index >34ml/m*

50%
positive

Indeterminate

>50%
positive

Diastolic
Dysfunction

J Am Soc Echocardiogr 2016;29:277-314
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Echo doppler metingen

Directe drukmetingen zijn met imaging niet Pulmonaal veneuze instroom doppler
mogelijk: Wel volumes, bloed- en weefsel

snelheden  Piek S en D, ratio

Structuur en volume  Verschil duur AR en A

 LVH, LAVI SPAP

Doppler metingen zijn essentieel: *  TVRmax

Mitralisinstroom doppler DTI MA

« Piek E en A. ratio « Laterale annulus, septaal

« E deceleratie tijd Eventueel IVRT, color M flow (Vp)



Left Ventricular Mass (LVM)

NORMAL

INCREASED
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Relative Wall Thickness (RWT)

NORMAL

NORMAL

ECCENTRIC
HYPERTROPHY

INCREASED

CONCENTRIC
REMODELING

CONCENTRIC
HYPERTROPHY
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Anatomie & Volumes: Structural LV remodeling

I-PRESERVE
'-F%EF',SCEAR}/E A Primary Endpoint
% 4
30-34% 29-43% — * p= 0,004 vs. No LVH er Cancentric Remodeling
o Y Concentine Concentne é _lé?m“w"ﬂ r—’J *
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& © Remodeling : Hypertrophy "é . ’_,r'/
) o
= l: -
= .
1 >
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xS Geometry Hypenrophy o
v 0
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Cm—nmc:::r: : ‘: :o : “ '
No LW Ne Conc Remodel by - - N "™ x '
<95 (9) > 95 (9) o 1 2 3 & &
<15 (d) > 15 ()

Left Ventricular Mass Index (gm/m?)

Konstam MA et al. JACC Img 2011;4:98; Zile MR, Circulation 2011; Shah AM, Circ Heart Fail 2014
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LAVI indicator van diastolisch functie

Left Atrial Volume Index (LAVI) in TOPCAT and |-preserve
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0 0 20 40 &0 80
Normal Abnormal Pseudonormal Restrictive
relaxation Indexed LA volume (mL/m?)

LAVI: the HbA1c of diastology: association with severity and duration of diastolic LV dysfunction

Tsang et al. Am J Cardiol 2002;90:1284
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Invioed van techniek van 2D beeld selectie op LAVI

Data set aligned for optimizing LV 2Ch view
: 4Ch plane

optimized
for LA

4Ch plane
optimized

=
for LV

Biplane LAVI I%nl/m
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LAVI en de relatie met prognose (15 jaar fup)

All cause mortality- age adjusted Cox Proportional Hazard Models for

LAVI CLINICAL SEVERITY
as per 2015 ASE and ESC Guidehlines:
Upper Limit of NORMAL 34m|/m?
MILD enlargement 35-41mi/m?, MODERATE enlargement 42-48mli/m?, SEVERE enlargement >48mi/m?

Female LAVI (n=58,846) Male LAVI (n=59,829)

TN 4 il (reference)
Bl MR LGN O L2 0
Q-SRI MO

s34 s/ (reference) { -

Bl MR 1L NC 1L 14"
-l RIS

LS i/ mi MR 2220, 29)° . N MEml/ W HR LI ISR O LR 2"

Murphy et al at ESC 2018



Follow up restrictieve CMP P i i

2007 LAVI 60 ml/m2
2010 LAVI 70 ml/m2
2013 LAVI 80 ml/m2
2015 CVA en PAF

))))))
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Atriale functie parameters - Volumes en deformatie

Volume Strain

Manimal Anrial Velame
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EHJ - Cardiovascular Imaging 2018;19:145-153
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Relatie LAVI, diastologie en events

normaal benigne mild risico matig risico ernstig risico
LAVI (mi/m?) 16-34 >34 35-41 42-48 vergroot = 48
vergroot licht vergroot sterk vergroot
TD e’ (cm/s) 2 10 normaal 2 10 normaal < 10 abnormaal < 8 abnormaal <5

sterk abnormaal

Dilation of atria can be a physiological remodelling; decrease of function is always abnormal

EHJ - Cardiovascular Imaging 2018;19:145-153 Riezebos. Emboliebron in beeld. Springer 2019



Indirecte bepaling van diastolische drukken
en druk-volume relaties

JACC: Cardiovascular Imaging, 2015, 1071-1093

ECG A 025 /L
W00+
Left ventricle
Pressure )
(" Left atrium
0 S
24
Transmitral Gradsent /\ A
(mmMg) 0 PN
\ | 3

Transmitral Flow
Velocity (cm/s)

Mitral Annulas

Velocity (cm/s)

Pulmonary Venous Flow
Velodtty (emys)

0-

Tricuspid Regurgitant 00
Velocity (cm/s)
-200+

=300

Time

olvgo
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PW doppler bepaling van de mitralisflow snelheid

Miltralisflow snelheid reflecteert het transmitrale druk gradiént LV pressure |

=bloed verplaatsingssnelheid door de tips van de MV in de vroege diastole

LV pressure
Wordt beinvloed door de relaxatiesnelheid
. . Normal
De passieve recoil van de LV
-
Compliantie van de LV
A

Diastolische drukken in LA en LV
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Doppler patronen en druk gradienten

| { Diastolic dysfunction|
' Mild, Grade 1| Moderate, Grade 2 | I Severe, Grade 3 ]
LV pressure u v
Normal [ Impaired relaxatnon [ Pseudononnal Restnclwe

A M A




Normal

Grade 1

Grade 2

TN t’-\.xv- ——ty

N

Grade 3

olvg”

Negative LV pressure driven
“suction”

Positive LA pressure driven
“pushing”

Oh et al. Circulation Cardiovasc Img 2011;4:444



Unmasking pseunormaal - L wave

=120

l.
.48bpm |

75 mm/s
]

e 2% o0 & 0 SR o R g Ui oo B g MR oo B e B o5 K ... gt oo Of

JACC: Cardiovascular Imaging, 2015, 1071-1093
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Dynamische doppler patronen - herkenning

Download van www.echocardiografie.nl



Mitralis inflow deceleratie tijd: maat voor LV compliantie

Fluid

Velocity by Doppler

olvg"

Compliance 30 mi'mm Hg

l\/ Compliantie: mate van rekbaarheid
DC < 150 ms (pas op bij gezonde jongeren)
R—H v (elasticiteit = mate van terugveerbaarheid)

JACC: Cardiovascular Imaging, 2015, 1071-1093
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Praktische echocardiografie. 2015
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TDI bepaling van de €’

Pulsed TDI gemeten €’ snelheid van septale en lateral mitralis annulus

=LV verlengingssnelheid in de vroege diastole

Middel lat + sept. waardes tenzi... LV Relaxation B8

Afhankelijk van

Restoring Forces

ol &

Actieve relaxatie component

Lo

Passieve relaxatie component
LV Lengthening Load
Ook wel druk verschillen

Septaal < lateraal, ULN is >8cm/s



Praktische echocardiografie. 2015
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In LV holte Lat wand
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hart
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J Am Soc Echocardiogr 2016;29:277-314



Longvene flow

A
A A

Mitral Annular
Velocity (cm/s)

Pulmonary Venous a
Flow Velocity (cm/s)

S1: relaxatie van het LA

Normal _AAV—
Ar

High LVEDP 8 0

+ normal LAP

(normal or EF

reduced) Ar

D

High LAP S

(often with

reduced EF)
Ar

S2: RV/LV ejectie en mitral annular descent
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55
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Ar't0p Ar"du ur Praktische echocardiografie. 2015




PV instroom met S2

52



PV instroom bij AF (S top lager dan D)

Praktische echocardiografie. 2015



Verhoogde LVEDD

Verminderde LV compliantie

Atriale push back naar longvenen

Amplitude: AR>40cm/sec

Duur: ARd-Ad>30ms




Relatie transmitrale flow en PV flow
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e

E/A ratio

Ard—Ad>30ms §

(5]
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Pulmonary venous flow

Eur J Echocardiogr 2009;10:165



HFpEF: The link between pulm HT and RV (dys)function %)
Longstanding post-capillary PH: OIVQ

*Vasoconstriction
*Inflammation
*Pulmonary arterial remodeling

Pre-capillary PH _ Post-capillary PH

Passive backward
Combined pre-/ [
_ , pressure
post capillary PH i transmission
| P 1 PCWP

1 RV afterload 1 LA pressure

T

1 LV stifness
Impaired relaxation
— 1 LVDP

Modified from Rosenkranz S et al, Eur Heart J 2016;37:942



K Left Heart

1 LV filling pressure
t Chronic RV afterioad
* Veentricular interaction

d Comorbidities o
Atrial fibrillation
Coronary disease
Obesil

ke »

1.04
Maintained
RV function
0.84
»
b
E 0.64
3 Incident RVD
2] 0.4+
Log-rank P=0.04
0.2 Al ) L
0.0 05 1.0 16
Time from exam 2 (years)

(

| FAC

1 RV remodeling
t Atrial fibrillation
tTR

Right Heart

N

Viclous Cycle

1 RA dilation

\°,

v x
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Time (Years)

EHJ 2019;40:689-697



Propagation velocity: snelheid “E” vortex richting apex

Normaal Vp > 45 cm/sec e aann L.

Eur J Echocardiogr 2009;10:165; JACC 2000;35:363; JACC 1997;29:448



Scheef gemeten

38cm/sec
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58cm/sec

Praktische echocardiografie. 2015



Teoe =49 ms

Verhoogde LA vullingsdruk bij TE-e' >50ms

J Am Soc Echocardiogr 2016;29:277-314
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Algoritme bij afwijkingen en/of verminderde LVEF

/ Mitral Inflow
I \
E/As08+E>50cm/s

or
E/ASOB+EsS0cm/s E/A>08-<2 EAz2
I 3 criteria to be evaluated* ]
1
1-Average E/e’ > 14
2 0;3 ‘:hi:' 3| 2 velocity > 2.8 m/s : °fp3 orus B3
e 3-LA Vol. index>34ml/m? Dsive
When only 2 criteria are available
| 1 positive and ¥
I2 negative 1 negative 2 positive
Normal LAP Cannot determine ' LAP 1 LAP
Grade | Diastolic LAP and Diastolic Grade |l Diastolic Grade Il Diastolic
Dysfunction Dysfunction Dysfunction Dysfunction
| Grade*

If Symptomatic

|
Consider CAD, or
proceed to diastolic
stress test

J Am Soc Echocardiogr 2016;29:277-314



Bepaling diastologie in speciale situaties

Table & Assessment of LV filing pressures in special populations

(vvearse

Echo W O oM ke

AF© e~

Sirus tachycarda*' **

MO

Mitral stenosis” '

MR

Peok accelraton mie of mitral E velocity (#1.900 convsec’)

IVRT (<65 meed

DT of pubmonary venous dlastolsc velochy (+220 msec)

ENprato (=1.4)

Septal B/’ rato (= 11)

M nflow pattem with predominant early LV Mling in patients with EFs <50%

IVAT =70 mmec is spectic (79%)

Pulmonary vwein systolc fling faction <40% s spechic (B5%)

Avorage By’ > 14 (his cutoff has highest specificty bt low senstivity)

When E and A velocies are pantialy or complately fused, the presence of a COMpensalony pornod afler premature
boats often nads % separation of E and A welocties which can be used for sssessment of Sastolc function
Avoage EA’ (>14)

Ar-A (230 meec

TR poak velocity (2.8 mised)

LA volums (>34 mny),

OF (<140 rmeec)

Mamd E/A (22.5)

IVAT (<50 mmec has high speciicty)

Avenge El’ (>14)

Latorsl EA' can be appied 2 Cardine etologly 8 the undedying resson for the Increased
pur Yy anery pr

When casdiac atickogy & present, lntersd EA i3 > 13, whaeeds in pats i e y Pypme amion
noncardac etology, teral E' Is <B

IVAT (<60 meec has high specifioty)

VAT Ty 4 (<4.2)

Mitrsd A volocty (>1.5 my'sec)

Ar-A (=30 meed)

VAT (<50 maec has Ngh specificty)

IVRT/Tg o (<5.6) may be appiad for the prediction of LV Sing pressures in patients with MR and normadl EFs
Avernge BN’ (>14) may be d ody In With e d EFs

A comprebansive apgroach is recommanded in all of the sbove settngs, which inchudies estmation of PASP using peak welocity of TR jt (>2.8 v’
900) and LA maximem volume index (>34 miim”). Conclusions shoukd not be based on single measuroments. Spedficity comments reler 10 pre-
doting Sling pessures > 15 mmm Hg. Note Bat e role of LA sraucmum volume ncdex to draw infarences on LAP is Imited in athistes, patients with
AF, and¥or those with mitral valve dsease

J Am Soc Echocardiogr 2016;29:277-314
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Nieuwe ontwikkelingen: Blood speckle imaging

ol Non doppler
o . |
‘ Post processing on high frame rates: 700fps
“ \ )

Advanced speckle tracking

GE on linked-in 2017



Slowness: 1.1 %

80
HR
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Conclusie

Diastolische dysfunctie komt veel voor en is een belangrijke marker voor ziekte en prognose.
TTE is van onschatbare waarde bij het niet-invasief schatten van de LV druk

Begrijp de onderlinge verhoudingen van de verschillende doppler parameters

Probeer druk/doppler patronen te herkennen.

Je hebt altijd meerdere parameters nodig, gebruik ze hiérarchisch.

De meest robuuste parameters zijn €’, E/e’, LAVI en TR vmax

Klinische, anatomische (volume/structuur) en functionele (doppler) parameters
moeten congruent zijn
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e. Je gaat het pas gen als je het doo
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Casus: man 735jr, dyspnoe d’effort
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Casus: man 735jr, dyspnoe d’effort

20180900011 5447 EF=31% 2018/09/08-11 54,52 . EF=24%
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L

1 AR Vmax 38 m/
AR maxPG 59 mm
AR PHT 300 m/s
ARDecTime 1145 m \

k‘ .

PHT 300ms

-
7 »
-
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™
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L3 |
2v 03 m/
P Omm

Frq 070

I MYEVel 08m/
MY DT 136m
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Vraag

Er is bij deze patient sprake van

1. Milde aorta insufficiéntie en normale diastologie
2. Matige aorta insufficientie en normale diastologie
3. Milde aorta insufficieéntie en ernstige diastolisch dysfunctie

4. Ernstige aorta insufficientie en milde diastolisch dysfunctie
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Algoritme ter differentiering bij sLVF

/ Mitral Inflow
E/AsQ alo E>50emis

or
E/AS0B+E <50 cms EA>08.<2

I 3 critena 1o be evalualec® l
SAEI

1

1-Average S/a' > 14

2°,L3°‘,‘f°"’ 2-TR velocity > 2.8 m's 3°'Pf?""°"’
coative 3.LA Vol, ingex>34mim? crive
When only 2 criteria are avaiable
1postveand] .
2 negative 1 negative | 2 posdive
Nermal LAP v Cannot detamine 1 LAR
Grade | Dsastolic LAP gnd Diastclic Grade |l Diastohc
Cysfunction Dysfunction Dysfunction
| Grade*
¥ Symptomatic
Consider CAD. or
procead 10 diastolic
strass tast

J Am Soc Echocardiogr 2016;29:277-314

\

EA22

1 LAF
Grade |l Diasiolc
Dysfunction

g

pressure (mmHg)

o

E
2
©
(-]
[
>
aontic
outflow

Ernstige diastolische dysfunctie geeft snelle
verhoging van de LVED
Dit resulteert in een snellere Ao-LV druk

equilibratie
Dit geeft een kortere PHT

Eur Heart J 1988;9:1010



