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60 years old man with valvular and rythmic
cardiomyopathy

HM3 support as bridge to HTX

Simple post operative course but...

M1-2 m3 M4 M5 M6
Echography RV (35-40) RV(46-48) RV (50-55) RV dilatation, RV dilatation,
Dilatation of IVC dilated (2.4 IVC dilated (2.7 paradoxal septum, paradoxal septum,
IVC (2 cm) but cm) cm) annular dilattaion annular dilattaion
collapsibility + with laminar T, with laminar TI, and
IVC (3cm)
Cardiomems 23-26 23-26 25-28 25-30 29-30
(MPAP, mmHg)
Clinique No pleural No pleural Pleural effusion,
effusion, no effusion, no limb lower limb oedema
limb oedema oedema
Biologie 1 Creat, 1 Creat, 1 bili TCreat 1 bili

cholestase

AMPS, JOEL
Echo adulte
X5-1
50Hz
18cm
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Introduction
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Why are we talking about mild-
late RV dysfunction?



RV dysfonction and LVAD: up to 25% of patients
will have RVD but only 10% have late onset-RV dysfunction

Patients receiving HMII 70% 900
LVAD in the HMII DT trial 59%
N=637 60% - - 800
| l - 700
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outcome < 30 days post i
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initial discharge? T 40% - | =
— o 500 -
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No RHF Early RHF %S 30% - 27% - 400 E
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- i X 300
46 Expired 48 Expired N=537 20% - .
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1 Explanted 1 Withdrawn i
I ! ] e - 100
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\ No RHF Late RHF Early RHF 0% : . . 0
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J D Rich et al Journal of Heart and Lung Transplantation 2016



Late onset RVD is associated to morbidity
and mortality

14.0%
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o 3.0%
2% <7 2.5%

accident

u Without Right-Sided Heart Failure = With Right-Sided Heart Failure

Multi-organ failure Sepsis Cerebro-vascular Bleeding Cardio-pulmonary

failure

CENTRAL ILLUSTRATION: Impact of Right Heart Failure on Outcomes After

Mechanical Support
12-Month Cumulative Incidence

RHF Status at 3 Months

Patients surviving to
3 months with LVAD

support alone
(n=6118)

Moderate RHF
(n=296)

P<0.0001 P<0.0001 P=0.0095 P<0.000

Rame, J.E. et al. J Am Coll Cardiol. 2021;78(23):2294-2308.

Circulation 2018;137:891-906




Risk factors of late onset-RVD

Get back to physiology



Percentage (%)

The cause of the heart disease: ischemic >

non-ischemic
Retrospective cohort EUROMACS 2011-18, 3536 patients
De novo right heart failure after LVAD implant
= > [schemic
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40 [ . :
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0 2 - 8
20 Years
p=0.034 Number at risk
10 Non-IHD 803 218 113 22
Mechanical RV Inotrope >241 Pulmonary , —— Non-lHD ————- IHD

support

l I ' vasodilatator
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Scand Cardiovasc J 2020;54:306-314



The underlying cause affects the right ventricle
morphology/function

Healthy control Pulmonary embolism Atrial septal defect Left ventricular dysfunction

£
O 'AEFi LEFi REFi AEFi LEFi REFi AEFi LEFi REFi AEFi LEFi REFi
Longitudinal motion
RVEF 62 % RVEF 51 % RVEF 66 % RVEF 48 %

Radial motion
B Ant-post motion

J Am Soc Echocardiogr 2020;33:995-1005



The underlying cause affects the right
ventricle morphology/function

Mild Moderate Severe

LV systolic dysfunction LV systolic dysfunction LV systolic dysfunction LVEF 45 % LVEF 35 % LVEF 23 %

RVEF 48 % RVEF 46 % RVEF 27 %

B Longitudinal motion

Radial motion
B Ant-post motion

Circ Cardiovasc Imaging. 2021;14:e012774



The underlying cause affects the right
ventricle morphology/function

B S REFT T e Decrease of RVEF and LVEF

& LEFi 4+ RVEF

A AEFi o
0.64 i . .

* Early decrease of LEFi and AEFi
0.5+
- * Radial motion compensate these
alterations
0.3+
B Longitudinal motion
Radial motion

0.2 T T T 1 0 T T T

T _ .
LVEF LVEF LVEF LVEF LVEF LVEF LVEF LVEF . Ant post motion

250% 40-49.9% 30-39.9% <30% >50% 40-49.9% 30-39.9% <30%
n=163 n=59 n=36 n=34 n=163 n=59 n=36 n=34

Circ Cardiovasc Imaging. 2021;14:e012774



Are all RVD the same ?

Normal Pressure-Overloaded Volume-Overloaded Cardiomyopathic
Right Ventricle (RV) Right Ventricle (RV) Right Ventricle (RV) Right Ventricle (RV)

J Am Coll Cardiol



LVAD improve LV remodeling but not RV
remodeling

"] Normal (n=3)
Il Medical Support (n=14)

Sarco (Endo) plasmic Reticulum Calcium ATPase ‘é‘ 401 B4 LVAD (n=14)
=.
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RV LV RV LV RV LV RV LV %
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i Il edical Support (n=14) =
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Circulation 2001;104:670-675



Does LVAD increase RV preload ? not certain

LVAD
output

( ml min Kg?)

CO (ml min?
Kg?)

AP (mmHg)

POG (mmHg)

PRA (mmHg)

HR (BPM)

120 1

60

100 1

-100 -
130 4

s
-
o

5 4

LVAD flow has few effects on PRA except:
*RVD
*Pulmonary hypertension (RVP)

LVAD output

1 min ( ml min-l Kg-l)

0w RVEF

Am J Physiol Heart Circ Physiol 312: HS0-HS88, 2017
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Proportion with PVR = 3 WU (%)

L8]

The RV afterload . don’t forget RVP thus mitral/tricupsid

valvulopathy

1581 patients from INTERMARCS and RVP >3 WU

———

0.25 1 3

6 12 18 24

Time (months)

36

N=1581
beta 95% Cl P value

Age (per 10 years) 0.06 (0.01to 0.11) .013
Height (per 10 ¢cm) —0.10 (—0.18 to —0.03) .007
Weight (per kg) 0.003 (0 to 0.006) .023
PASP (per 5 mm Hg) 0.31 (0.28 t0 0.34) <.001
PADP (per 5 mm Hg) 0.55 (0.49 to 0.60) <.001
PCWP (per 5 mm Hg) —0.89 (—0.96 to —0.83) <.001
CO (per L/min) —-0.78 (—0.84 to —0.72) <.001
Tricuspid regurgitation at any

time

None ref

Mild -0.27 (—0.48 t0 0.06) 012

Moderate —0.01 (—0.24 t0 0.23) 94

Severe —-0.07 (—0.37t0 0.23) .64
Mitral regurgitation at any

time

None Ref

Mild 0.1 (—0.07 10 0.28) 24

Moderate 0.81 0.60 to 1.01) <.001

Severe 1.29 (1.05 10 1.52) <.001
Concomitant mitral valve

surgery

At median LVEDD (6.9 —-0.18 .014

cm)

Per 1 ¢cm decrease in -0.27 (—0.49 to —0.04) 020

LVEDD
Duration of LVAD support

{per month)

0—3 months —1.53 (—1.79t0 —1.27) <.001

>3 months —0.066 (—0.07 to —0.06) <.001

Journal of Cardiac Failure Vol. 27 No. 5 2021



RV/LV interactions during LVAD support

LV Morphology

¢ I nte rve nt i O n a | St u d y O n 3 1 LVA D Spherical Shape Index Conical Shape Index

supported patients (HM_/HVAD) %\v {

v

Shape Index = 1 -

* Ramp-test with
EChoca rdiography measures - Mor::::::::e » RV Curvature » RV Regions
(volumetric/geometric)

] Sphericity, conicity,
shape/curve, RV/LV volume

JACC: CARDIOVASCULAR IMAGING, vOoL. B, NO. W, 2017



RV/LV interactions during LVAD support affect

RV morphology thus RV function

500
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In summa 'Y .... Somany factors, so difficult and compl

Bayesian analysis to predict « late » RVD
Database n=10,909
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JACC Heart Fail 2016; 4: 711-721
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{Afterload:
RVP and

\

\ valvulopathy

LVAD ou
cannula

Aortic
regurgit

Cardiomyopathy

Preload,
venous
return

Arrythmia,
Ventricular
fibrillation
or VT i

)

Journal of Cardiothoracic and Vascular Anesthesia (2018)



How to diaghose RVD?

Clinical examination, biological Echocardiography, pulmonary
pressure, ramp test?

Weight, treatment
Echogenicity, which parameters?

. e how when...
Hepatic (PAL, GT, bilirubine),

creatinine...
Invasive non invasive

Clinical, biological,
echocardiography scores ?




Echocardiogra phy . combination of several components
(static, dynamic, volumetric, coupling)

RV S wave 14.4 C 3DE RVEF 57%

Y |

Preload: IVC Coupling
(diameter, VD/AP D end diastole end systole E
collapsibility) TAPSE/PASP,
portal flow TAPSE/RV-GLS
ou fwlLs

___FAC 45% = GLS -10.1
== R

Size

Afterload, ratio diam
pulmonary VD/VG,
flow DTDVG,

DTDVD

Right
Ventricle

00 .00 000
End-diastole Mid-systole End-systole

Contractility:
RVFAC, Strain
(global RV-GLS
/paroi libre
RV-fwlLS )

Valvulopathy:
mitral, aortic,
tricupsid




Continuous « non »invasive pulmonary
blood pressure monitoring -

35.04

32.5+

/ >
o
27.54

Retrospective matched cohort study : 10
cardiomems patients vs 20 controls

25.04

22.5

No related complications, easy, informative

17.54

MPAP (mmHg)

15.04

12.54 =
--------------------- 70
7 :
---------------------- i 2
MPAP in elevated mPAP patients AT H
MPAP in normalized mPAP patients 2 zo;
= Number of medical changes in elevated mPAP patients e’
Months

N f ical ch ' li PAP pati
umber of medical changes in normalized m patients J Card Surg. 2021;36(9):3271-328



Which therapeutic strategy ?



No cause

Underlying cardiomyopathy,
natural evolution

O\

Bridge

Destination Th

Y

\

Right ventricular

dysfucniton

Aetiology

Afterload Valvulopathy

Preload LVAD VT/VE...

Treatment

Don’t wait too
long

Strategy ?

vy —.

Patient support,
medical
optimisation

Medical, surgical, interventional
treatments
HEART TEAM

HTX

RVAD, total

artificial heart

Patient




So many mechanichal RV configurations:
Don't wait to make a decision

Long-term LVAD and OxyRVAD with Biomedicus and OxyRVAD with ProtekDuo
RVAD LVAD and LVAD

Peripheral V-A TH RVAD Impella RP
ECMO and LVAD

Journal of Thoracic Disease 2021



Effects of echo-optimization of left ventricular assist
devices on functional capacity, a randomized
controlled trial

ETT: The optimal velocity was
defined as the one that allows an

Randomized (n =27)

intermittent AV opening and a !

neutral position of the inter- l l
ventricular septum without
i n C r-e a S i n g a o rt i C a n d / O r t ri C u S p i d Did not receive agllizi)lted intervention Did not receive zz:llzgz)\ted intervention

regurgitation, associated or not - '
to a dilatation of the RV.

ESC HEART FAILURE
ESC Heart Failure 2021; 8: 2846—2855



Don’t play with heart rate and pacing?

(n=21)
500
& W ' *P=0.01
c = ¢ gl
c i P=0.001
g 350
O
€ 300
o
< 250
c
(@) 200
=
O 150
c
= 100
= 50
0
BV Pacing RV Pacing
447 435
450 430
354 363
Biventricular pacing RV pacing

Am J Cardiol 2019;123:93-99



Phosphodiesterase-5 Inhibitors and Outcomes During Left

Ventricular Assist Device Support: A Systematic Review and
Meta- Ana]ysis Journal of Cardiac Failure Vol. 27 No. 4 2021

Guidelines: In case of pulmonary hypertension or risk of RVD

PDE3 Right ventricular dysfucntion
PDESI Control Odds Ratio Weight
Study RVF No RVF No with 95% CI (%)
Vascular smooth muscle cell Critoph 2016 0 4 8 53 —— 0.70[0.03, 14.19] 14.30
Nitric PA vasodilation Gulati 2019 220 957 168 1,009 M 1.38[1.11, 1.72] 20.13
Oxide Protein kinase G~ ’\L RV afterload Hamdan 2014 0 8 4 2 —B— 0.03[0.00, 0.84] 13.66
\C lic GMP1 Cytosolic Ca™, J RVF Mahankali Sridhar 2011 28 1 17 6 —M——9.88[1.09, 89.29] 16.54
gERS S——— e Raina 2012 4 6 14 2 —E— 0.01[0.00, 0.05] 17.61
PDES - gl xd e;"XA"ZI?Ee 1 Solomon 2019 2 60 4 102 —{m— 0.85[0.15, 4.78] 17.77
inhibitors = ! v Thrombosis Overall e 0.38[0.02, 6.06]
GMP Platelet #5lieeep 4 Bleeding Heterogeneity: 1° = 5.74, I = 90.06%, H’ = 10.06
activation/ aggregation, T Test of 6, = 6;: Q(5) = 40.67, p = 0.00
T Test of 8 = 0: (5) = -0.90, p = 0.41 | | | |
Chronic anticoagulation 1/512 1168 ) A4

Platelet cell Arteriovenous malformation



Eff cacy and safety of intermittent intravenous
outpatient administration of levosmendan in
patients with advanced heart failure: the
LION-HEART multicentre randomised trial

¢ v

48 were allocated to Levosimendan 21 were allocated to Placebo
48 received Tt cycle 21 received 1*tcycle
46 received 2™ cycle 20 received 2" cycle
46 received 3'“cycle 19 received 3*<cycle
46 received 4" cycle 18 received 4" cycle
45 received 5" cycle 16 received 5" cycle
45 received 6™ cycle 16 received 6" cycle

AN N NI N NN
AR U N N NN

v~ Completed n=43 v Completed n=16

v Dead n=3 v Dead n=0

v Heart Transplant n=0 13 weeks v Heart Transplant n=2

v Premature withdrawal n=2 v Premature withdrawal n=3
v Completed n=27 v Completed n=8

v Dead n=15 v Dead n=8

+ Heart Transplant n=0 25 weeks v Heart Transplant n=2

v Premature withdrawal n=6 « Premature withdrawal n=3




Conclusions

* Mild/late onset RVD [] 10% morbidity, mortality
* Multifactorial process, no good score, multifactorial evaluation
* Medical, cardiological, surgical treatment

* Don’t forget RV mechanical support



60 years old man with valvular and rythmic
cardiomyopathy

HM3 support as bridge to HTX
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