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The effect of PH on the RV...

(A)+ Coronary perfusion pressure + + O,Demand = + Supply/Demand

120mmHg

+ Thickness

(B) tt RV Distention &+ LVFiling = + Cardiac Output
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Echocardiography |

Assess:
= cardiac chamber size
= metrics of RV function (TAPSE, FAC)
* myocardial performance indexes
= valvular regurgitation
» valvular function
" pulmonary hemodynamics
= septal curvature

" myocardial deformation imaging




Echocardiography Il

(1>50 echo prognostic indexes described in
literature

JdThe majority examines baseline findings

JComposite end-points (death, hospitalization,
clinical deterioration, treatment uptitration etc)

Baggen VIM et al, Neth Heart J 2016



TABLE 2 Association of PAH Therapy and Echocardiographic RV Parameters

Medication Spedific Drug (Ref. #) Imaging Tool Study Design n Parameter
Prostacyclins Parenteral prostacyclin Echo 1 year follow-up 48 Significant improvement in: RVEDA, RVED
and prostanoids analogues (32) Mot placebo controlled mid-cavity, TAPSE, RAA, PVR
Epoprostenol (9) Echo 12 weeks 81
Epoprostencl (43) Echo 1 year 7 Significant changes in: RA size, diastolic eccentricity
index, pericardial effusion score
Epoprostenol (53) Echo Follow-up 5.9 + 4.6 16 Significant change in MPI (p = 0.05). RV size and TR
months severty did not significantly change
Endothelin Bosentan Echo Significant change in RV size (gualitatively assessed)
receptor Mo significant change in MPI and TR Vmax
antagonist
Bosentan BREATH-1 study (19) Echo 16 weeks of 85 (56 treated)  Change in RV systolic eccentricity (p = 0.03)
treatment Mo change in TRV, RVEDA, RV diastolic eccentricity
Combined therapy Bosentan & prostancid (54) Echo 8 + 3 months 37 Significant changes in TAPSE, RV strain, RV
Mot placebo strain rate, MPI
controlled
Conventional therapy+ Echo 12 weeks N =281, N=40 Significantly greater change in RVEDA, systolic and
prostacylcine (40) on combined diastolic eccentricity index in combined arm.
therapy Mo comment on combined group changes between
baseline and follow-up
Sildenafil versus bosentan (47) CMR and echo 16 weeks 25 (13 sildenafl, Significant change in RV mass with sildenafil, not
12 bosentan) shown with bosentan
Mo significant change in Tei index
Predominantly ERA (35) CMR and echo 12 months ]| Significant change in ejection fraction

(p = 0.0001).
Mo significant change in RVEDVI (p = 0.22) or
RVmass (p = 0.68)

CMR = cardiac magnetic resonance; ERA = endothelin receptor antagonist; MPl = myocardial performance index; PAH = pulmonary artery hypertension; PVR = pulmonary vascular resistance;
RAM = right atrial appendage; RV = right ventricular; RVED = right ventricular end-diastolic dimension; RVEDA = right ventricular end-diastolic area; RVEDVI = right ventricular end-diastolic volume
index; RVmass = right ventricular mass; TAPSE = tricuspid annular systolic excursion; Tei = total ejection sovolume; TR = tricuspid regurgitation; TRV = tricuspid regurgitation velocity; VTl = velocity

time integral.

Wright L et al, JACC: Cardiovasc Imaging 2016



Aertoupykotnta €§Lag KolAiag
TAPSE
EMUAKNG HEYLOTN OVUOTOALKNA apapopdwaon tng S€Lag
KOWlog
KAaopatikn petaBoAn tng emidpaverag tng Se€lag
KOWlog
Tei index
Xpovog e€wBnong tng de€Lag kotAiag
AlGpKeLa TG AVEMAPKELAG TNG TPLYAw)vas BaABidag
N\6yo¢ kUpatog S:D
XpOvoG LOOOYKOTLKAG XAAaong
XpOVOG LOOOYKOTLKNG EMLTAXUVONG
PuOpnOG napapopdwong tov EAeUOEPOU TOLXWHATOG TNG
6e€Lac Koliag
XpOvog HEXPL TN KEYLOTN CUCGTOALKN mapapopdwaon Tou
€AeVOEpPOU TOLXWHATOG TNG SEELAC KOLALOLG
PuOuMOG mMpwipng dtaotoAkng mapapopdwaong tou
eAeVOEPOU TOLYWHATOG TNG SEELAG KOLALOLG
KukAotepng napapopdpwon tng S€§Lag kotAiog
AKTviKn ntapopdpdwon tng d£§LAdg kKotAiog
Napapopdpwon tng emipaverag tng Se€Lag Kothiog

A&etltoupyLlkoTNTA OPLOTEPN G KOLALOLG

KapSiakn napoxn Kot KapdLokag S€IKTNG TG aPLOTEPNG
KOWlo
KAaopa e€wbnong tng aplotepn Kowhiog
ETU KNG HEYLOTN GUGTOALKN tapapopdwon tng
apLotePnG KotAlag
KukAotepng mapapopdpwon tng aplotepng KotAiag
AvuoAettoupyia tnG apLoTePG KoAlag

OYKOMETPLKEG KOLL ALVOLTOLKEG LETPIOELG
Emudaveia tov 6e€Lov KOATOU
Adyoc¢ enidpavelag tou S€ELOU PO TOV APLOTEPO KOATIO
A&ilKTNG EKKEVTPATNTOC TNG OLPLOTEPNG KOLALOG
AvwpalAn Stapopdwon Tou LECOKOLALOKOU
Stadppaypartog katd tn teAodLactoAn
Emupaverla tng 6£§Lag kolAiag otn TeEA0SLAGTOAN Ko T
TEAOGUGTOAN
Awapetpog tng Se€Lag kotAiag katda tn teAodLactoAn
NAyog SLapétpou tng S€€LAG PO TNV apLotePn KoAila
KOtd tn teEAodlactoAn
ALapeTpog TG 8£§LAC KOLALOG OTN HECOTNTA QUTAG
Erpunkng dtapetpog tng de€Ldg kothiog
Ndyxog tov eAeVBepov ToywpaToG TNG SeELAG KOLALaG
TeAoSLOOTOALKOG OYKOG TNG apLOTEPNG KOLALOLG
ALGHETPOG TNG APLOTEPNG KOLALOG KATA T TEAOCUOTOAN
Ko tn teEAoSLactoAn
VTlrvor

Napdpetpol HETPNOoNG tTNG Mieong
ZuotoAwn mieon tng €€Lag KolAiag
ZUOTOAKN TIEOH OTNV IVEUHOVLKN aptnpio
Méyiotn taxvtnta naAivépopng pong otnv tplyAwyva
BaABida
Baputnta TG avemdpKeLag tng tpyAwywvag BaABidag
Mieon tou &£€Lov KGATOU
XpOvog emitdyuvong ponG otnV MVEUKHOVLKN aptnpia
Xpovog emitayuvong pong otov Xwpeo £§060u tng de€Lag
KOALOG

Baggen VIM et al, Neth Heart J 2016



Echocardiography Il

(ABasic echo predictors
" Right heart enlargement

" RV remodeling — hypertrophy and decreased
function

= |VS |leftward deviation

= Pericardial effusion



RV

Forward failure

dParameters of RV systolic function

Backward failure
JdParameters of RV diastolic dysfunction

dParameters of R-L asynchrony

Humbert M et al, Circulation 2010
Benza RL et al, Circulation 2010



Frassnca of pericardial affusion
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TAPSE [per 5 mm dereasa)
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Echocardiography — modern technologies |

1 In PAH RV strain (area,
longitudinal, radial and
circumferential) is

= Reduced
= Predictive of functional capacity
= Predictive of survival

] Serial assessment of RV free wall
systolic strain predicts

= (Clinical deterioration

Multivariable analysis Model comparison
HR 95%< CI Pvalue -2LL X2 p-value c-statistic .
= M I
Model A (6MWD) 3.769 1.204-11.795 0.023 56.381 16.997 <0.0001 0.712 O rta Ity

Model A + RV-LPSS 54.288 17.762 <0.0001 0.796

6MWD 2.928 1.001-9.226 0.011 D Serial assessment Of RV
longitudinal strain improves the

Model B (NT-proBNP) 5.817 1.297-26.100 0.021 65.901 5.420 0.02 0.704

Model B+ RY-PSS prediction of long-term outcomes
for PH patients over standard

RV-LPSS 1.133 1.004-1.279  0.042

Model C (WHO class) 10.01  2.931-34.190 <0.0001 62.862 6961 0008  0.705 h emo d y Nnam i C i N d | ces.

Model C + RV-LPSS 60.153 9.662 0.008 0.780 Smith BC et al’ Am J Coll Cardiol 2014
WHO class 4193 111515721 0.033 Rajagopal S er al, ) Am Soc Echocardiogr 2014
RV-LPSS 1.102 1.002-1.235 0.045 Hardegree EL, Am J Cardiol 2013

Sano H et al, Can J Cardiol 2015
Okumura K et al, ] Am Soc Echocardiogr 2014
Mouratoglou SA et al, ESC Annual Congress 2016



LV in PAH prognosis

LVFR = E wave*3.14*(MAd/2)?

LVFR £3.5 cm3/s
— Multivariable analysis Model comparison
> H—Hi t HR 95%< Cl P value 2L N p-value c-statistic
z \
3 | Model A (6MWD) 0.995 0.992-0.998 <0.0001 43.8 8.3 0.004 0.835
£
3 Model A + LVFR 33.37 5.978 <0.0001 0.876
044 . 6MWD 0.987 0.977-0.996 0.007
LVFR >3.5 cm */s LVFR 1.044 1.040-1.091
Model B (NT-proBNP) | 1.002 1.001-1.004 0.008 41.0 6.961 <0.0001 0.836
Model B + LVFR 32.9 6.060 <0,0001 0.868
027 NT-proBNP 1,002 1.001-1,004 0.011
LVFR 1.034 1.010-1.076
Log Rank 2.285, p=0.013 Model € (WHO class) | 22.086 2.641-180.726 <0.004 41.0 16.801 <0.0001 0.791
Model C + LVFR 33.7 17.347 <0.0001 0.847
o . 5 WHO class 17.256  |2.013-147.947 0.006
LVFR 1.033 1.030-1.080
Follow up period (months) Table 4. Additive prognostic value of left ventricular filling rate in patients with precapillary pulmonary hypertension
NT-proBNP: N-terminal pro B-natriuretic peptide, 6MWD: distance walked in six minute walk test, WHO: world health
organization, LVFR: left ventricular filling rate
8/7/2018

Giannakoulas G, Mouratoglou S et al, ACC Annual Congress 2017



Echocardiography — modern technologies |l

(1 Peak RA strain represents
the reservoir function of
the right atrium

d In PAH, RA strain

= |s lower compared to
normal controls

= |s predictive of invasive
hemodynamic parameters
in group | PAH

» Predicts clinical outcomes

Bhave N et al, Int J Cardiovasc Imaging 2018
Piccinino C et al, J Cardiovasc Med 2017
Weiwei L et al, Heart, Lung Circ 2017

Meng X et al, Int J Cardiol 2017



The role of RA

Would an index incorporating analogues of RA
and RV function be of prognostic significance

8/7/2018



Right atrial function index

Additive value of RAFi over known survival predictors

Parameter HR c-statistic p-value
6MWD 0.994 0.822

—

RAEDV =,77ml RAESV = 104m|.‘

\
“ 6MWD+ RAFi 0.952 0.844 <0.0001

NT-pro BNP 1.000 0.737

NT-pro BNP + RAFi 0.964 0.814 <0.0001
RA area 1.104 0.764

RAESV—-RAEDV, 104ml-77ml

RA area + RAFi 1.099 0.845 <0.001
RAEF=qapsy 10 RAEF=Jom 190=29% | IR hazard ratio, Tp-value by Likelihood ratio test of the
RAESVi="AEY raesVi-2 2" s1omym: | Models without versus with RAFi for each tested
parameter

RAFi=RAEF/«VTI RVOT RAFi_ZS.9%'14.7cm =6.2%

RAESVi " 61.2ml/m?

Mouratoglou SA et al, JASE 2018 ahead of print



1,0
0,8
0,87 ’ - —_
_ RAFi 224.8% s '
[ 2 0,67
3 06 5
z 0,6 - p=0.172 »
(7] £ RAFi 26.7%
s . 3 04 —
O 04 1.7% <RAFi <24.8% ' — p<0.0001 : —
0,27 0i l
' RAFi < 1.6% p=0.009
RAFi < 6.7%
Log Rank 14.757, p= 0.001 - Log Rank 4.861, p=0.027 ’
4 - 5 1 I 1
0ae 2% 45 a5 0 20 40 60
Follow up period (months) Follow up (months)
Month 0 Month 10 M h 20 M h 30 M h 40 M h 50
RAFi £1.6% 15 6 2 1 1 0 Month 0 Month 10 | Month 20 | Month 30 | Month 40 | Month 50
1.7% <RAFi <24.8% | 22 17 13 12 11 10 RAFi <6.7% 18 11 7 5 3 0
RAE 220.6% 10 10 2 8 8 8 RAFi26.7% |29 24 22 20 19 18
8/7/2018

Mouratoglou SA et al, JASE 2018 ahead of print




AplototéAelo MNaveniotpulo @scoalovikng
A" Kapdioloyikn KAwvikry AXEMA

I

() rmee——rp

WHERE DO WE STAND NOW?




The REVEAL risk assessment calculator

PAH PAH RISK SCORE CALCULATOR!

PI‘OQI"IOSiS For more information go to

www.pah-app.com

Patient: Date:

APAH-CTD
WHO Group |

Subgroup + +2

Renal insufficiency Il Male age >&0 yrs

+2

NYHA/WHO \
Functional Class

SBP <110 mm Hg | HR =92 BPM

+1

Vital Signs

&=-Minute
Walk Test

Echocardiogram

mRAP 320 mm Hg within 1 yr | PVR 32 Wood units

Right-heart
Catheterization +1 +2

APAH=azsaciated PAH; BNP=Ersin natriuratic peptide; BPM=beats par mirate; CTD=cannactiva
i cisense: DLcomcarbon mancside diffusing capacity: FPAH=farnilial PAH; HR=heart rate; SUM OF ABOVE

mAAP=maan right atrial prassure; NYHA=Nav Yark Haart Assaciatian; PAH=gulmanary arterial
W i Irmoriary hypertension; resistance;
58P =systolic bload prassure; WHO=Warld Health Organaation,

(Starting Score) +6

= RISK SCCRE

:

Risk scores range from 0 {lowest risk) to 22 (highest risk)

AVERAGE MODERATE —~ - VERY
RISK HIG 2 RI S K
RISK SCORE 1-7 8 9 10-11 >12

PREDICTED
95%—100% 90%—<95% 85%—<90% | 70%—<85% <70%

8/7/2018

Benza et al, Chest 2012



The SPAHR registry

Table | Included variables from the risk assessment instrument from the ESC/ERS 2015 guidelines for the diagnosis
and treatment of pulmonary hypertension and their cut-off values

Determinants of prognosis Low risk Intermediate risk High risk
WHO functional class I, 1l 1l v
6MWD >440 m 165—440 m <165 m
NT-proBNP levels <300 ng/L 300-1400ng/L >1400 ng/L
2 2 2
Imaging (echocardiography) RA area <18 cm” RA area 18-26 cm” RA area >26 cm”
No pericardial effusion No or minimal pericardial effusion Pericardial effusion
Cl= 2.5 L/min/m® C12.0-2.4 L/min/m* Cl<2.0L/min/m*
SvO, >65% SvO; 60-65% SvO, <60%
B
A 1.0 3 1.0+ —
0.8 0.8
= ©
iad o
£ :
B 04 wn 047
rank, 90 001
0.2 o9k p<coot 0.2 Lournh. o=
“Low nsk”
N lowdac “Intermeciate sk
M irieamediot el >
i i L3 o 1 .Mw?u 1] 1 1 1
0 1 2 3 H s 0 1 2 3 ¢ 5
Years Years
Number at risk Number at risk
120 100 88 7 S8 42 — 111 86 B0 65 48 13
355 246 176 124 80 5 — 220 180 127 8% 54 a8
55 kS 22 13 5 4 45 M 9 5 2 1

8/7/2018
Kylhammar D et al, Eur Heart J 2017



al 100 —————— .
" -T_l‘; 1 - i e e Y | — -:._ 100-‘
£ 8D iyl 1
E ey,
& A 1""--—11 ...... e
A 4D My 80+
1)
]
:|': & criteria
) 40 3 criteria
E' - Z criteria 60+
& ) =
— 204 1 criterion -—
g0 0 criteria g
| . . 1 . y A 404
] 1 2 3 A 5
Time years
Patients at risk n 201 Lovirek
& criteria 59 5 46 35 26 20 . .
) ~ Intermediate risk
3 criteria 112 4 T4 59 34 25
Zeriteria 217 173 149 104 &3 45 High risk
1 criterion 371 302 233 174 128 89 04
O criteria 258 212 153 n7 T4 53 T T T T T T

0 1 2 3 4 5
Time since PAH diagnosis years

D LOW r|Sk Cr|ter|a Zefatelrrs Survival % Cases left n

enrolment Low Intermediate High Low Intermediate High

risk risk risk  risk risk risk

u WHO FC | or ” 0 100 100 100 196 1116 276
’ 1 97.2 90.1 78.8 156 764 170

2 91.5 80.3 660 111 540 117

n 6 O m 3 84.2 68.1 53.2 75 376 77
MWD >44 ’ 4 80.2 60.1 447 47 252 47

5 75.9 51.9 324 3 149 24

= RAP <8 mmHg
= CI>2.5L'min"t-m=2
= SvO, >65 %

8/7/2018 Boucly A et al, Eur Respir J 2017
Hoeper M et al, Eur Respir J 2017



The RAFi

Low risk criteria:
WHO FC /1

6MWD >440 m,

RAP <8 mmHg,

CI>2.5 L'min-1-m-2
NT-proBNP <300pg/dI

1007

807

26.5%1%5.1%
607

RAFi (%)

p=0.019
407 12.1%+2.5%

207

Low risk criteria 23 Low risk criteria <3

1.0

0.8

0.6

0.47

0.2

I ‘ l | Low risk criteria 23

|

Low risk criteria <3

Log Rank 13.460, p<0.0001

0.0

Ll T Ll

20 40 60

8/7/2018



ESC/ERS 2015 Guidelines

Determinants of prognosis®

(estimated |-year mortality)

Clinical signs of right heart failure

Low risk <5% Intermediate risk 5-10% High risk >10%

Absent Absent Present

Progression of symptoms

No Slow Rapid

Syncope

No Occasional syncope® Repeated syncope*

WHO functional class

LI M v

6MWD

>440 m 65440 m <l65m

Cardiopulmonary exercise testing

Peak VO, >15 ml/min/kg Peak VO, Peak VO, <1 | ml/min/kg
(>65% pred.) [ 1-15 ml/min/kg (35-65% pred.) (<35% pred.)
VENVCO; slope <36 VENNCO; slope 36-44.9 VENCO; slope >45

NT-proBNP plasma levels

BNP <50 ng/l BNP 50-300 ng/l BNP >300 ng/l
NT-proBNP <300 ng/l NT-proBNP 300-1400 ng/l NT-proBNP >1400 ng/l

Imaging (echocardiography, CMR imaging)

RA area 18-26 cm?
No or minimal, pericardial
effusion

RA area >26 cm?
Pericardial effusion

RA area <18 cm?
No pericardial effusion

Haemodynamics

RAP <8 mmHg RAP 8-14 mmHg RAP >14 mmHg
Cl 2.5 l/min/m? Cl 2.0-2.4 l/min/m? Cl <2.0 l/min/m?
SvO; >65% SvO: 60-65% SvO, <60%

8/7/2018

2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, Eur Heart J 2015



6" World Symposium on PH

Intermediate High
risk 4 (isk
A It ec‘(\O‘ vV
B QO‘ +Um <165m
C 300-1400ng/ml | >1400ng/ml
Or Or
8-14mmHg >1AmmHg
D 2.0-2.4 <2.0
Or Or
60-65% <60%

8/7/2018 Adapted from McLaughlin V, 6" World Symposium on PH, 2018



Take home messages

J Echocardiography is the most studied imaging
modality in PAH providing useful information on risk
stratification and prognosis in PAH patients

JRight heart function and dimensions and pericardial
effusion are the most studied main determinants of
prognosis in PAH

dRight atrial function is an emerging field in the
assessment of PAH prognosis

J Novel imaging techniques may be proved of
prognostic significance in PAH



Acknowledgements
AHEPA University Hospital
Pulmonary Hypertension Unit

8/7/2018



8/7/2018

Contents lists available at ScienceDirect

International Journal of Cardiology

journal homepage: www.elsevier.com/locate/ijcard

Power of resting echocardiographic measurements to classify pulmonary
hypertension patients according to European society of cardiology

exercise testing risk stratification cut-offs

Michaela B. Rehman #<*'! Rodrigue Garcia !, Luc Christiaens <!, Elisa Larrieu-Ardilouze =1,
Luke S. Howard ®!, Petros Nihoyannopoulos '

Global RVLS FWRVLS
' 7
\ \
il -6.5% -7.5%
g 08 / g o
& o 3
o /// area under area under
i the curve=0.932 the curve=0.914
O‘l 10 ﬁ': ﬁ" :'! "‘I 19
1 - Specificity
TAPSE S'wave tricuspid TDI
7 13.5 mm \
= \ = 6.5cm/s
//
7
0.8 / 0.
/'/'
/
0.4 / / 0.
0.2 2 area under 0 area under o] area under
/ the curve=0.818 ’ the curve=0.815 the curve=0.935
o
T T T T oo X T T T L T T T T
00 02 04 os o8 " 00 02 04 os os 10 Q e2 o4 s ] 2
1 - Specificity 1 - Specificity 1 - Specificity




