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Fonction diastolique
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Fonction ventriculaire droite

Diastolic function: therapeutic approach
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Avant la circulation
extra-corporelle

Noradrénaline 8 ug/min

Q de 23 ans fatigue et cedeme des
membres inférieurs

» Pas d’antécédents médicaux
INR=1.7

« Echographie transthoracique: myxome de
I'oreillette gauche (5.5 X 8 cm)

« Transfer ICM pour chirurgie cardiaque

/9 (86)
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Oximétrie cérébrale '
Foresight
CAS Medical
INVOS 5100
N = Equanox Covidien
Nonin
Invos™ 5100
B \
Equanox™ J
— \‘} a -
Fore-Sight™ e 7

Mode de fonctionnement
Récepteurs

« Une diode envoies des photons IR avec 2
longueurs d’'onde captées par 2 récepteurs

« Le signal pénétre les tissus superficiels et
.- . 5 profonds de la peau jusqu’au cortex frontal

« Le signal superficiel obtenu par le
récepteur proximal est soustrait du
processus final (“Spatially resolved NIRS”)

Transmetteur « Par conséquent, le signal final: rSO,
provient des régions plus profondes du
tissu cérébral

THEORIE D’OPERATION

Monitoring de la saturation en oxygéne
dans les régions entre 'ACA et TACM (watershed)

Trajet des photons

L source
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Regional Cerebral Oxygen Saturation correlates Lien rSO et fonction Cardiaque
with Ventricular Systolic and Diastolic Function. 2
& de 74 ans Q de 77 ans
Catherine Paquet* MD, André Denauit” MD, Pierre Couture MD FRCPC, FRCPC, Michel Carrie avant PAC-RVA

MD#, FRCSC, Denis Babin MSc*, Sylvie Lévesque MSc§, Dominique Piquette MD, Jean-Claude|

saignement post-PAC
Tardif MD, FRCPCt

&

» 99 patients avant la chirurgie cardiaque

» Relation entre la valeur de rSO,, le profil
hémodynamique et la fonction cardiaque a 'ETO

Résultats:
1-Valeur de base de la rSO, est en corrélation avec
la fonction systolique et diastolique
2- Valeur de rSO, est supérieure aux variables
hémodynamiques pour prédire une fonction
cardiaque normale JCTVA2008

Avant la circulation
extra-corporelle

Noradrénaline 8 ug/min

" 34
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- Transesophageal echocardiography
/ﬁ,\ Mid-esophageal four-chamber view

TIS0.1 MI 0.5
X7-2tICM
e

Sc02 Lr 43 54
Bis 29
Paf 106/7183 Na4 36mlh
Par 92/71 86
Pap 104/55 72
Pvd 103/19 52
ETCO2 33
VM 2.8

\PATT 37.0C
SALT 3798

Focused Transesophageal Echocardiography
Extracardiac views
Anatomical description

TIS0.1 MI0.5

e

Sc02 Lr 43 54

c'S Bis 29

e Paf 106/7183 Na4 3emlh
Par 92/71 86 X
Pap 104/55 72
Pvd 103/19 52 . ;

[ ETCO2 33 . 4 >
M 2.8 - 2
N 1

PATT: 37.0C
TEE T 39.4C

Milrinone + flolan inhalés avant la CEC

0+
07:57:00 09:09:00 10:21:00 11:33:00 12:45:00
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Post-CEC (86 min):

Noradrénaline 8 ug/min

Objectifs éducationels

+ Apprécier I'importance de I'évaluation du
ventricule droit

» Connaitre les méthodes d’évaluation de la
fonction ventriculaire droite

» Développer une approche thérapeutique
en défaillance du coeur droit

Objectifs éducationels

» Apprécier I'importance de I'évaluation du
ventricule droit




Precardiopulmonary Bypass Right Ventricular Function Is
Associated with Poor Outcome After Coronary Artery Bypass
Grafting in Patients with Severe Left Ventricular

Systolic Dysfunction

Andrew D. Maslow, MD*, Meredith M. Regan, scDt, Peter Panzica, MDt,
[Stephanie Heindel, MDt, John Mashikian, MDt, and Mark E. Comunale, MD+
“Department of Anesthesiology, Rhode Island Hospital, Brown Medical School, Providence, Rhode Island; and tBeth

Israel Deaconess Medical Center, Boston, Massachusetts

“_ Analyse rétrospective de 41 patients avec
dysfonction VG sévere (< 35%) subissant un PAC

| RVFAC<35% (n =7)and > 35% (n = 34)

RVFAC < 35% = tous décédés <18 mois

RVFAC < 35% = hypertension pulmonaire

Anesth Analg 2002
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Diastolic Dysfunction is Predictive of Difficult Weaning from
Cardiopulmonary Bypass
Francis Bernard, MD*, André Denault, MD, FRCPCt, Denis Babin, Msct, Caroline Goyer, MDt,

Pierre Couture, MD, FRCPCt, André Couturier, Msct, and Jean Buithieu, MD, FRCPC*f

Departments of *Medicine and fCardiology, CHUM, Notre-Dame Hospital; and tDepartment of Anesthesia, Montreal
Heart Institute Montreal, Quebec, Canada

Anesth Analg 2001;92:291-8

European Heart Journal (2006) 27, 867-874
doi:10.1093/ eurheart} /ehi720

seRney

Comparison of 19 pre-operative risk stratification
models in open-heart surgery

Clinical research
Cardiovascular surgery
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Pre-cperate W (1501 H
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Puimonary hypertension
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), The Eace data were sitabi,

Tournal of the American College of Cardiology Vol 45, No. 10, 2009
© 2005 by the College of Cardiology Foundation ISSN 0735. /53000
Published by Elsevier Inc. dok10.1016/] jace. 2005.02.055]

Pulmonary Hypertension|

Impact of Pulmonary Hypertension
on the Outcomes of Noncardiac Surgery
Predictors of Perioperative Morbidity and Mortality

Gautam Ramakrishna, MD,* Juraj Sprung, MD, PuD,t Barugur S. Ravi, MD,"
Krishnaswamy Chandrasekaran, MD, FACC," Michael D. McGoon, MD, FACC*

Rachester, Minnesota

« patients with pulmonary
hypertension are very fragile with
little or no compensatory
reserve »

Definition of pulmonary
hypertension

* Absolute values

— Systolic Pap: >30 or =240 mmHg

— Systolic Pvd: > 35 mmHg

— Mean Pap: > 25 mmHg

— Pulmonary vascular resistance: >125-200 dynes/s/cm5
* Relative values

— Systemic to pulmonary vascular resistance ratio: > 10%

— Pulmonary to systemic mean pressures : >33-50%

— Systemic to pulmonary mean pressures:

(ratio MAP/MPAP: normal 24 and abnormal < 4)

Denault et al Cardiologie Contemporaine 2006




Classification of Pulmonary Hypertension

1. Pulmonary arterial hypertension
2. Pulmonary hypertension with left heart disease
2.1. Left-sided atrial or ventricular heart disease
2.2. Left-sided valvular heart disease
3. Pulmonary hypertension associated with lung diseases and/or hypoxemia
3.1. Chronic obstructive pulmonary disease
3.2. Interstitial lung disease
3.3. Sleep-disordered breathing
3.4. Alveolar hypoventilation disorders
4. Pulmonary hypertension due to chronic thrombotic and/or embolic disease
5. Miscellaneous

Simoneau G JACC 2004;43:55-12S
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A Pathophysiological Approach
to Understanding Pulmonary
Hypertension in Cardiac Surgery

Anne Q. N. Nguyen, Alain Deschamps,
France Varin, Louis P. Perrault

and André Y. Denault

Montreal Heart Institute and Université de Montréal
Canada

Cardiac Surgery 2012, InTech Book
ISBN: 978-953-307-1000-8.
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Importance of Relative Pulmonary Hypertension in Cardiae
Systemic to Pulmonary Artery Pressure

rgery: The Mean

Arnaud Robitaille, MD,* André Y. Denault, MD, FRCPC,* Pierre Couture, MD, FRCPC,*
Sylvain Bélisle, MD, FRCFC,* Annik Fortier, MSc,t Marie-Claude Guertin, PhD,t Michel Carrier, MD, FRCSC
and Raymond Martineau, MO, FRCPC*

1439 patients undergoing cardiac surgery in 1999

,5, ' “ﬂ"' Primary end-point: composite index of death,

g% | e cardiac arrest, vasoactive support >24 hours,

2 § 06 post-operative IABP

B

gé“ | Results: 302 patients (21%)

5 8oz - MAP/MPAP ratio only hemodynamic predictor
E odds ratio 1.3 (95% Cl: 1.1-1.5)

ETETEEI IR R RERR - DSB: odds ratio 3.5 (95% Cl: 2.5-5.1)

MAP/MPAP

JTCVA June 2006

Increased RV afterload

If underlying chronic process

Right ventricular hypertrophy]




ncreased RV afterload

If underlying chronic process

[Right ventricular hypertrophy]

Initially followed by

[Right ventricular dilatation]
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creased RV afterload

1 underlying chronic process

[Right ventricular hypertrophy]

Initially followed by

[ Right ventricular dilatation ]— Ankshventicdiar,

dependence

eased RV afterload

If underlying chronic process

[Right ventricular hypertrophy]

Initially followed by

. : - » Interventricular
Right ventricular dilatation dependence. —

Elevated filling pressure and RV diastolic dysfunction

ncreased RV afterload

If underlying chronic process

[Right ventricular hypertrophy]

Initially followed by

" " " N Inte tricul Left ventricular
[nght ventricular dllatatlon]— “dependence. —| diastolic dysfunction

Elevated filling pressure and RV diastolic dysfunction

Through 2ry pulmonary hypertension
{ Venous return and 1 right atrial pressure

eased RV afterload

If underlying chronic process

Right ventricular hypertrophy

Initially followed by

i " " " Left ventricular
Right ventricular dilatation |—"erventricuar__ | 3 :
dependence diastolic dysfunction

Tricuspid regurgitation Elevated filling pressure and RV diastolic dysfunction

Through 2ry pulmonary hypertension
{ Venous return and 1 right atrial pressure

eased RV afterload

If underlying chronic process

Right ventricular hypertrophy

Through hypoxia

foramen ovale Initially followed by
1 right atrial Right ventricular dilatation ) Interventricular Left ventricular
pressure 9 dependence diastolic dysfunction

Tricuspid regurgitation Elevated filling pressure and RV diastolic dysfunction

Through 2ry pulmonary hypertension
+ Venous return and 1 right atrial pressure




Increased RV afterload

If underlying chronic process

Through hypoxia

‘ Right ventricular hypertrophy
foramen ovale

Initially followed by
1 right atrial Right ventricular dilatation ) Interventricular Left ventricular
pressure 9 ‘dependence diastolic dysfunction
Tricuspid regurgnatmniq— Elevated filling pressure and RV diastolic dysfunction
Through 2ry pulmonary hypertension
+ Venous return and 1 right atrial pressure

Reduction in coronary
perfusion pressure.

T e Right heart failure

Right Ventricular Myocardial Performance
Index Predicts Perioperative Mortality
or Circulatory Failure in High-Risk
Valvular Surgery

Fran¢ois Haddad, MD, André Y. Denault, MD, Pierre Couture, MD, Raymond Cartier, MD,
Michel Pellerin, MD, Sylvie Levesque, MSc, Jean Lambert, PhD, and
Jean-Claude Tardif, MD, Montreni, Quebec, Canada
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The right ventricle in pulmonary hypertension
Kelly M. Chin, Nick H.S. Kim and Lewis J. Rubin
Coronary Artery Disease 2005, 16:13-18

“It is the ability of the right ventricle
to function under this increased
load that determines the degree of
symptoms and survival “

Right Ventricular Myocardial Performance
Index Predicts Perioperative Mortality
or Circulatory Failure in High-Risk
Valvular Surgery

Frangois Haddad ¢Y. D¢ uture, MD, Raymond Cartier, MD,
Mich .an Lambere, PhD, and
webee, Canada

ver

—
a
= IVRT + IVCT + ET
b=E€T

MPI=(a-b/ b = (IVRT +VCT) / ET

urnal of the American Society of

Journal of the American Society of Echocardiography 2007

Hypertension pulmonaire: NS

Table 4 Multvariate logistic regression for perioperative
mortality and heart failure

Odds 95% Confidence

Variable ratio interval P
Model I*
RVMPI = 0.50 25.20) 5.24-121.15 <.0001
Model 11t (with the
exclusion of RVMPT)
1.088 1.019-1.161 012

Parsonnet score per
additional unit

RVFAC per 1% increase 0.001 =<0.001-0.727 048

N =50

N = 50 patients undergoing valvular_surgery

Right Ventricular Function and Failure: Report of a National Heart, Lung, and
Blood Institute Working Group on Cellular and Molecular Mechanisms of Right
Heart Failure
Norbert F. Voelkel, Robert A. Quaife, Leslie A. Leinwand, Robyn J. Barst, Michael
D. McGoon, Daniel R. Meldrum, Jocelyn Dupuis, Carlin S. Long, Lewis J. Rubin,
Frank W. Smart, Yuichiro J. Suzuki, Mark Gladwin, Elizabeth M. Denholm and
Dorothy B. Gail
Circulation 2006:114;1883-1891

Circulation "=0

« Right ventricular function is the
most important determinant of
longevity in patients with pulmonary
arterial hypertension. »

10
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Tezosentan therapy in patients with
significant pulmonary hypertension
undergoing cardiac surgery:

a multicenter, placebo-controlled trial

NCT00458276
l‘:
" ACTELION THE ERA OF
Creative Science for Advanced Medicine ENDOTHELIN SCIENCE

JTCVS 2013

Right ventricular failure

31 centers in 14 countries

after cardiac surgery N = 30/274 (11%)
_ Control group HJ Tezosentan group
* n=14 l n=16
Austria Czech Republic Canada France E;T;ﬁgji?;;::f;;:;;
—
® XX teacs o
—  — |
Germany India Israel Italy
i o -
Poland Serbia Slovakia Sweden

United Kingdom United States
of America

Objectifs éducationels Dysfonction ventriculaire droite

Instabilité hémodynamique

|

Evaluation VD

« Connaitre les méthodes d’évaluation de la

. . . . v L 4
fonction ventriculaire droite [Aspect visuel] [Courbe VD] [ETO ou ETT]

11



Dysfonction ventriculaire droite

Instabilité hémodynamique

|

EV8| uation VD

v

! |
Aspect visuell [Courbe VD] [ET0 ou ETT|

Guidelines for the Echocardiographic Assessment of
the Right Heart in Adults: A Report from the American
Society of Echocardiography
Endorsed by the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, and the Canadian Society of
Echocardiography
Tawrence G. Rudski, MD, FASE, Chair, Wyman W. Lai, MD, MPH, FASE, Jonathan Afilalo, MD, Msc,
l.mm‘Hm, RDCS, FASE, Mark D. Handsch C

Scott D. Solomon, MD, Eric K. Louie, MD, and Nelson B. Schiller, MD, Montreal, Quebee, Canada; New York,
New Yorlks Boston, Massachusetrs; Phocniv, Avizona; London, United Kingdom; San Francisco, Culifornia

(J Am Soc Echocardiogr 2010;23:685-713.)

Guidelines
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The Right Ventricle in Cardiac Surgery, a Perioperative
Perspective: 1. Anatomy, Physiology, and Assessment
(Anesth Analg 2009;108:407-21
Frangois Haddad, MD*t

Mid Esophageal —

Pierre Couture, MD*

Claude Tousignant, MD*

André Y. Denault, MD*

Sub-costal view 0°

\Vue sous-costale

Normal Anormal

12



Dysfonction ventriculaire droite

Instabilité hémodynamique

|

Evaluation VD

v

! |
Aspect visuel' [Courbe VD] ETO ou ETT)
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Pression ventriculaire droite

£
-

— Thermacouple Wire on the
//:-‘? d = surface of the catheter

r ___,_,hwv Pacing/

Vi

Rt

RV
fusion Output I
PROX. INJECTATE
ouTPUT

PROX
INJECTATE

- g6 (67)
i~ 72/42 (52)
] i
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Dysfonction VD pré-op:
communication interventriculaire

Euw L P n.'..—m‘

Robitaille JTCVA 2006
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Dysfonction VD

Flux veineux hépatique

Defalllance ventriculaire droite

& de 68 ans RVA et PAC

Dysfonction VD sévére

Egalisation diastolique

'\"J\\f' \/\‘u’/ ~F Y | Y

Pulsus tardus VD and | pression pouls

14



EC

alarse

Avantla C

EC

FFich. elarse

Sevrage de

65/45 (52)
44129 s

8

89/43 (56)

Example d’un agent efficace

Patient # 1 Patient # 2
A B
Pvr
. | T
Pa |—--»_ =
> ©
Ppa Ppa
P | - A 4
[ [ [ o [ [ 5 o 2N s [ [ oo [ o5 [ B
| |
Ml Ml

Q 75 ans sevrage complexe
post RVA et PAC

s 2
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Instable

Post-CEC

Milrinone inhalée

ClinicalTrials.gov & ‘e EDA
4

Protocol Registration System Pt

Protocol Registration Receipt
01/08/2009

Milrinone Inhaled in Cardiac Surgery

This study is not yet open for participant recruitment.
Verified by Montreal Heart Institute, January 2009

Sponsored by: | Montreal Heart Institute
Heart and stoke fondation of Quebec
Organon

Canadian Anesthesiologists' Society

Information provided by: | Montreal Heart Institute

ClinicalTrials.gov Identifier: | NCT00819377

> Purpose

Pulmonary hypertension s an important morbidity factor in patients having to undergo cardiac surgery with
cardiopulmonary bypass (ECC). Mirinone used in inhalation, shows evidence of being a pulmonary vasodilator
able o possibly contribute to the reduction of pressure on the pulmonary artery.

Gradient de 48 mmg avec Pod de 20 mmHg
Pap systolique de 68 mmHg
PAP systolique mesurée = 34 mmHg ???

Doppler continu

15



Transesophageal echocardiography

"ﬂ:'esuphageal inflow-outflow view
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ME chambre de chasse VD
Foe

: S\ RvOT
OBSTRUCTION
Systole

Denault et al TEE multimedia manual 2005

Obstruction de la chambre de
chasse du ventricule droit

150 mmHg

e

0 mmHg

R

m
H3h3

Haddad et al Anesth Analg 2009

Ventricule droit hyperdynamique
2 G 4:‘ v

& de 50 ans

3 53 ans aprés CEC

avant CEC

16
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Ap res B_ bIOCke urs Dynamic right ventricular outflow tract obstruction in
& de 50 ans cardiac surgery
6\ 53 ans avant CEC a[ !re‘ s ! EE! E André Y. Denault, MD, FRCPC,* Miguel Chaput, MD," Pierre Couture, MD, FRCPC,® Yves Hébert, MD, FRCSC,”
| Frangois Haddad, MD, FRCPC,® Jean-Claude Tardif, MD, FRCPC®
{ s e =800
P . 7 (n )

+ Gradient systolic VD vs Pap > 6 mmHg (18%)

+ Gradient systolic VD vs > 25 mmHg (4%)
2515] 63) — N =11 patients
3 — 50% de RVA

— 73% sous milrinone
— 91% avec instabilitt hémodynamique

JTCVS 2006 ]

48 yo & unstable during dissection 48 yo & unstable during dissection
of right mammary artery? Why? of right mammary artery

48 yo & unstable during dissection "
) Prone position
of right mammary artery

Before After
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Mid-esophageal inflow-outflow view A transesophageal echocardiography examination clarifies

the cause of cardiovascular collapse during scoliosis surgery
in a child

Victor M. Neira, MD - Letizia Gardin, MD
James Jarvis, MD + Debashis Roy, MD « Wil

Splinter, MD

TIS0A MI0S
X7-2uCheoTEE

Courtesy of Dr. Carl Chartrand

Canadian Journal of Anesthesia 2011

38 yo d organ donor Diastolic RVOTO
hemodynamically unstable -

4 5. M

! TAR 89/48 63
TAR 89/48 63 = PAP 22/16 18

— [cm]
PAP 22/16 18

/a LevoB 10
Vaso 2.4uh

TVC S
ETCO2 31

[/ COUCHE
110/6.4
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Objectifs éducationels

» Développer une approche thérapeutique
en défaillance du ceeur droit right
ventricular failure

2013-11-27

Ideal agent in pulmonary
hypertension and RV dysfunction

1 Venous return

T Mean systemic pressure

{ Right atrial pressure

I Resistance to venous return

Hypertension pulmonaire et
postcharge

110

o
S

©
=3

\”‘\

Right ventricle Left ventricle

Stroke volume
(% of control value)
@
S

-~
=}

@
=1

o
=]

0 10 20 30100 110 120 130 140

Arterial pressure (mmHg)

Ventilation et résistance
vasculaire pulmonaire

A

T
8 g pmm an BT N N i g s e R
Extra-alveolar vessels

| Pulmonary vascular resistance |

>

Residual Functional Total lung
volume residual capacity capacity

Perioperative right ventricular dysfunction

André Yvan Denault™", Francois Haddad®, Eric Jacobsohn®, and
Alain Deschamps®
@ :nRrs Aot
2]

RV evaluation
|

RCA venous bypass
VAD

» Surgcalreatment ——»

Curr Opin Anesthesiol 2013, 26

ey
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Défaillance ventriculaire droite Obstruction chambre de chass{
du ventricule gauche
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Dysfonction ventriculaire droite

Instabilité hémodynamique

|

Evaluation VD

! !
Aspect visueII [Courbe VD] [ET0 ou ETT]

ysfonction ventriculaire droite

Instabilté hémodynamique

|

17 Evaluation VD ﬁ

Aspect wsue\' r Courbe VD|T ETO ou ET‘r|
Pas de gradient

e adi o
Obstructi chambre

de chasse du VD

Dysfonction ventriculaire droite

Instabiité hémodynamique

|

T Evaluation VD

Aspect visuel Courbe VD.T ETO ou ETT.

Gradient ) Pas de gradient

Aspect de la courbe

Oblique ou
en racine carrée

Dysfonction VD
systolique

Hemodynamic instability following CPB

@ ! NRs

l RV evaluation ﬁ
Visual RV pressure TEE
Jassessment waveform

Slope aspect)

Oblique or
square root
sign

B ——(Rule out early surgical complication I
[

- Optimal HR, thythm, fluid, & pH
~>(General messures}————+ ize asanarcions

VVI Pacemaker on Pacemaker off

20
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62 yo & post AVR #1 pr—

Vasoactive dependent [

Rspect visue] —{Courbe VD] £70 ou ETT]
Before: cardiac index 1.92 L/m? After: cardiac index 3.08 L/m? ‘Pas de gradient

—»{{ perfusion VD]

(

-
Rythme sinusal t 3 Aspect de la courbe

Dysfonction ventriculaire droite

— Effect de la médication

Evaluation VD

[Aspect visuel| r Courbe VD) ETO ou ETT]
Pas de gradient

Aspect de la courbe

Pas dischémie

Dysfonction VG absente

Si absence d’obstruction des chambres de chasse VG et VD

21
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Prostacyclin inhalée et
tfréquence cardiaque

64/41 (50) 94/58 (70

38124 ) Y 4828 (s

Instabilité hémodynamique

li Evaluation VD ﬁ

Dysfonction ventriculaire droite

Exclur

Autres causes de ¢ du retour veineux:
l 1 Pression veineuse systémique
1 Pression oreillette droite (SAM)
1 Resistance au retour veineux

Aspect visuel|

Courbe VD] ETO ou ETT]

Conditions observées chezun méme patient

Conclusion

La dysfonction ventriculaire droite est
importante a reconnaitre avant, pendant et
aprés une chirurgie cardiaque ou non-
cardiaque

Une défaillance droite non corrigée
conduira a une hypoperfusion systémique
La défaillance droite est la cause la plus
importante de mortalité en chirurgie
cardiaque

Remerciements

Denis Babin
MScinh
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