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Objectives

¢ To understand how the RV differs from the LV and how
they relate to each other.

¢ To develop an approach to RV failure in patients with PH
based upon physiological principles.



Different by design

Day 15 Day 21 Day 28 Day 50

> grivastava et al, Cell. 2006
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What the RV
‘“sees’”

Resistance
Compliance
Impedance

Characteristic intracardiac pressure wave forms
during passage through the heart
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Pulmonary Vascular Compliance (mL*mmHg”) >

Circulation

Pulmonary Capillary Wedge Pressure Augments Right
Ventricular Pulsatile Loading
Ryan . Tedford, MD:. Paul M. Hassoun, MD: Stephen C. Mathai, MD; Reda E. Girgis, MD:

Start D. Russell, MD: David R. Thiemann, MD: Oscar H. Cingolani, MD: James O. Mudd, MD:
Barry A. Borlang, MD: Margaret M. Redfield, MD: David J. Lederer. MD; David A. Kass, MD

(o) PCWP <= 10 mmHg; n= 3315
14 1 o PCWP >= 20 mmHg; n=1584
SPH/PH cohort , .
B & o sl Resistance =
(mPAP-PCWP)/Q
Compliance =
) SV / pulse pressure

Pulmonary Vascular Resistance (mmHg*S*mL'1)

Circulation. 2012;125:289-297.)
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Right Ventricular Diastolic Impairment in Patients With

Pulmonary Arterial Hypertension

Silvia Rain, MD; M. Louis Handoko, MD, PhD; Pia Trip, MD; C. Tji-Joong Gan, MD, PhD;
Nico Westerhof, PhD; Ger J. Stienen, PhD; Walter J. Paulus, MD, PhD; Coen A.C. Ottenheijm, PhD;

J. Tim Marcus, PhD; Peter Dorfmiiller, MD, PhD; Christophe Guignabert, PhD;
Marc Humbert, MD, PhD; Peter MacDonald, MD; Cris dos Remedios, MD, PhD;
Piet E. Postmus, MD, PhD; Chandra Saripalli, MSc; Carlos G. Hidalgo, PhD;

Henk L. Granzier, PhD; Anton Vonk-Noordegraaf, MD, PhD; Jolanda van der Velden, PhD;
Frances S. de Man, PhD

B Averaged RV Diastolic Stiffness Curve
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Right Ventricular Dysfunction in Systemic
Sclerosis—Associated Pulmonary Arterial Hypertension

Ryan J. Tedford, MD; James O. Mudd, MD; Reda E. Girgis, MD; Stephen C. Mathai, MD, MHS;
Ari L. Zaiman, MD; Traci Housten-Harris, MS, RN; Danielle Boyce, MPH;
Benjamin W. Kelemen, BA; Anita C. Bacher, MSN, MPH, MA; Ami A. Shah, MD, MHS;
Laura K. Hummers, MD; Fredrick M. Wigley, MD; Stuart D. Russell, MD; Rajeev Saggar, MD;
Rajan Saggar, MD; W. Lowell Maughan, MD; Paul M. Hassoun, MD; David A. Kass, MD

IPAH SScPAH P Value
Cohort (n=5) (n=7) 1 (IPAH vs SScPAH)
RV systolic function (contractility)
RV ejection fraction, % 43+13 47+12 0.43
RVSWI, mm Hg-m-%L"" 18.8+9.7 12.545.9 0.19
End-systolic elastance (E,) 2.3x1.1 0.8+0.3 0.007
V, (x-intercept of end-systolic elastance) 4637 -31+49 0.016
End-systolic elastance (normalized; E_norm) 3.1+£1.4 0.9+0.3 0.002
Preload recruitable stroke work (M) 45+16 2111 0.011
RV pulmonary artery coupling
E../E, 2.1+1.0 1.0+0.5 0.03

Circ Heart Fail. 2013;6:953



Adaptation vs. decompensation...
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Decompensation

\ \

A. Sufficient hypertrophy - A. RV-PA gncoupling o
B. Sufficient capillaries <| B. Insufficient muscularization
C. Sufficient energy C. Ischaemia
D. Preserved D. Fibrosis .
mitochondrial function E. Extracellular matrix
E. Preserved contractility re_mOd?ng
v Y | F. Fibrosis

'( /’ G. Apoptosis

97 | H. Autophagy
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ra Gomez-Arroyo J, et al. Ann Am Thorac Soc 2014; 11:1101-15.



Adaptation vs. decompensation...
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A. Insufficient hypertrophy/
growth arrest

Capillary rarefaction/
decreased angiogenesis
Metabolic remodelling/
Insufficient energy production
Mitochondrial dysfunction
Inflammation

Increased ROS
Neurohormonal activation
Alterations in gene
transcription

Post transcription
modification

Sufficient hypertrophy
Sufficient capillaries
Sufficient energy
Preserved
mitochondrial function
Preserved contractility
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- Gomez-Arroyo J, et al. Ann Am Thorac Soc 2014; 11:1101-15.



A Apical 4 Chamber
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Ventricular dependence

Impairs cardiac output

_—

¢ Series effect
Reduced RV output > Reduced LA filling

¢ Compressive effect
Direct physical influence of RV on LV




Left Ventricular Dysfunction Induced by Nonsevere
Idiopathic Pulmonary Arterial Hypertension
A Pressure-Volume Relationship Study

Mario Kasner!, Dirk Westermann', Paul Steendijk? Stephan Drose!, Wolfgang Poller!,
Heinz-Peter Schultheiss!, and Carsten Tschopel?

Am J Respir Crit Care Med 2012,
186(2):181-189

Controls |

A) 20 5
-]
T
E
E
tl:'1'III -
E basal
- vco
EDPVR
0 L] L] L] L J L]
80 105 130 155 180
LVEDV, mi
B) 20 - DD
:IU:" 1( basal
E
vco
n_"‘l'ﬂ -
m <
r
o L L) L] | ) | )
80 105 130 155 180
LVEDY, ml
C) 20 - IPAH

LVEDP, mmHg

b

0 Y
80

105 130 155 180
LVEDV, mi



Treating RV failure...
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Treating RV failure...




Correct precipitating factors

¢ Arrhythmia

¢ Pulmonary embolism
¢ Noncompliance

6 Sepsis

¢ Disease progression
¢ Surgery

¢ Pregnancy

| That which does not kill me postpones
L) Eur Resp J 2010;35:1286 the inevitable




Improving RV
function

Goals

Reduce RV preload

Reduce RV afterload

Improve ventricular interaction
Improve contractility

Caution

Preserve coronary blood flow

Preserve systemic blood
pressure

Avoid tachycardia




. Support systemic
Alpha agonists | blood pressure

Vasopressin




? Definitive therapy for RV failure

1
\

" Decompensation

\
A |

A. Insufficient hypertrophy/

A. Sufficient hypertrophy : growth arrest
B. Sufficient capillaries | B. Capillary rarefaction/
C. Sufficient energy decreased angiogenesis
D. Preserved C. Metabolic remodelling/
mitochondrial function Insufficient energy production
E. Preserved contractility D. Mitochondrial dysfunction
" o 2o E. Inflammation
” F. Increased ROS
| )// Y 1 G. Extracellular matrix
L remodelling
H. Fibrosis
I. Autophagy

v' 7 Medical therapy
v' Lung transplantation Katz JACC, 1996,27(2):384
v' PTE surgery Reesink J Thor CVS, 2007;133:58

Gomez-Arroyo J, et al. Ann Am Thorac Soc 2014; 11:1101-15.
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I am done...

00D BETTER GET
OUT OF THE SUN,
RALPH ., LOOKS
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