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The history of Echocardiography

£

Dr. Feigenbaum with an early echocardiography machine at the IU School of Medicine.
| Photo courtesty the Krannert Institute of Cardiology

Edler | and Lindstrom K, Ultrasound Med Biol 2004
26/3/2020 Siddharth S and Abha G, Tex Heart InstJ 2007



The effect of PH on the heart...
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Table 12 Recommendations for diagnostic strategy

—|Recommendations
Echocardiography is recommended as a

first-line non-invasive diagnostic

investigation in case of suspicion of PH
Vﬂﬂtilﬂtiﬂﬂfpﬂﬂmiﬂﬂ or pEI"'ILIEiDﬂ lung
scan is recommended in patients with

unexplained PH to exclude CTEPH

Contrast CT angiography of the PA is

recommended in the workup of patients
with CTEPH

Routine biochemistry, haesmatology,
immunaology, HIV testing and thyroid
function tests are recommended in all
patients with PAH to identify the specific
associated conditon

Abdominal ultrasound is recommended
for the screening of portal hypertension

Lung function test with DLCO is
recommended in the initial evaluation of
patients with PH

High-resolution CT should be
considered in all patients with PH

Pulmenary angiography should be
consideredin the workup of patients with
CTEPH

Open or thoracoscopic lung biopsy is not
recommended in patients with PAH
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Echocardiographic probability
of PH#

__»| Low

-

-

High or intermediate

:

Consider V/Q scan to
screen for CTEPH*

.

Consider left heart
disease (assess pre-test
probability] and lung
disease$

I

No clinically significant
left heart disease or
lung disease

s

Refer to PH expert
centref

ormal

Consider other
causes and/or
follow-up

Galie N et al, Eur Heart J 2015
Frost A et al, Eur RespirJ 2019



A: The ventricles?®

Right ventricle/
left ventricle basal
diameter ratio >1.0

B: Pulmonary
artery?

Right ventricular
outflow Doppler
acceleration time
<[05 msec and/or

C: Inferior vena
cava and right
atrium?

Inferior cava diameter
>21 mm with
decreased inspiratory
collapse (<50 % with

midsystolic notching | a sniff or <20 % with

quiet inspiration)

Flattening of the
interventricular
septum (left ventricular
eccentricity index

>1.1 in systole and/or
diastole)

Early diastolic
pulmonary

regurgitation velocity

>2.2 m/sec

Right atrial area
(end-systole) >18 cm?
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ﬂ

PA diameter >25 mm.

al, Eur Heart J 2015



Table 4 Summary of abnormal right heart measure-
ments in pulmonary hypertension [1,8].

Measurement Abnormal

TR velocity >2.8m/s

PASP >40mmHg

PR initial velocity >2.2m/sec

RV basal diameter >42 mm

RV mid diameter >35mm

RVOT PSAX distal diameter =27 mm

RA end-systolic area >18cm’

TAPSE <17 mm

RV & <10cm/'s

Pulsed Doppler RIMP >0.44

Tissue Doppler RIMP >0.55

FAC (%) <35%

3D right ventricular assessment

End diastolic volume >87ml/m” (male);
>74ml/m?® (female)

End systolic volume >45ml/m?’ (male);
>36ml/m? (female)

Ejection fraction <45%

RV subcostal wall thickness >(.5 ecm

Cordina RL, et al. Heart Lung Circ J 2019



Echo in PAH

(JEchocardiographic techniques can be employed to

= derive indirect information about right heart structure and
function

26/3/2020
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RV systolic function assessment
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Bhave N et al, Int J Cardiovasc Imaging 2018
Piccinino C et al, J Cardiovasc Med 2017

WeiweiLetal, heTL, Lung Circ 2017
Meng X et al, Int J Cardiol 2017



Echo in PAH

* Echocardiographic techniques can be employed to

— derive indirect information about right heart structure and
function

— estimate PAP, PVR, RAP
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Echo in PAH

* Echocardiographic techniques can be employed to
— estimate PAP, PVR, RAP

— derive indirect information about right heart structure and
function

— identify possible causes such as left heart or congenital
heart disease
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Echo in PAH

* Echocardiographic techniques can be employed to
— estimate PAP, PVR, RAP

— derive indirect information about right heart structure and
function

— identify possible causes such as left heart or congenital
heart disease

— monitor treatment response



TABLE 2 Association of PAH Therapy and Echocardiographic RV Parameters

Medication Spedfic Drug (Ref. #) Imaging Tool Study Design n Parameter
Prostacyclins Parenteral prostacyclin Echo 1 year follow-up 43 Significant improvement in: RVEDA, RVED
and prostanoids analogues (32) Mot placebo controlled mid-cavity, TAPSE, RAA, PVR
Epoprostenol (9) Echo 12 weeks a1
Epoprostenol (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
moanths severity 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 & prostanoid (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 =81, 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 sildenafil,  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;
RAA = right atrial appendage; RV = right ventricular; RVED = right ventricular end-diastolic dimension; RVEDA = night 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; TRY = tricuspid regurgitation velocity; VTl = velocity

time integral.

Wright L et al, JACC: Cardiovasc Imaging 2016



Echo in PAH

JEchocardiographic techniques can be employed to
= estimate PAP, PVR, RAP

= derive indirect information about right heart structure and
function

= identify possible causes such as left heart or congenital
heart disease

" monitor treatment response
= predict clinical outcomes



Echocardiography |

(1>50 echo prognostic indexes described in literature

dThe majority examines baseline findings

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

26/3/2020 Baggen VIM et al, Neth Heart J 2016



Aettoupylkotnta S£€LAG KolAiog
TAPSE
ETL KNG HEYLoTN GUOTOALKA Ttapapopdwon tng Se§Lag
KotAlog
KAaopatiki petaBoAn tng emipaveiag tng SeLag
KotAlo
Tei index
Xpovog e€wOnong tng e€Lac kotAiag
AwdpKeLa TNG AVETTAPKELAC TNG TPLYAwXLvaS BaABidag
Ndyoc¢ kUpartog S:D
XpOVOG LGOOYKOTLKN G XAAOONG
XpOVOG LOOOYKOTLKAG EMLTAXUVONG
PuOuog napapopdwaong tov EAsUOEPOU TOLXWHATOG TNG
6€§LaG KolAiag
XpOvog HEXPL TN HEYLOTN GUCTOALKA tapapopdwon tou
€eAeVOepPOU TOLXWHATOG TNG SEELAC KOLALOG
PuOuo¢ mpwipng dtactoAlkig mapapuopdwong tou
€AeVOepPOU TOLXWHATOG TNG SEELAC KOLALOG
KukAotepng mapapopdwon tng de€Lag kotAiog
AKTIKN tapapopdwon tng Se§Lag KoAiag
Napapopdwon tng enipavelog tng Se§Lag Kokiag

AETOUPYLKOTNTA OLPLOTEPNG KOLALOG

Kapdiakn mapoxn ko Kapdlakog S£iktng tng apLotepng
KOALoG
KAaopa e€wBnong tng aplotepng KotAiog
Erupunkng péylotn cuotoAky mapapopdpwon tng
apLoTePNG KoLAlag
KukAotepng mapapopdpwaon g apLlotepng KotAiog
AvucAettoupyia TG apLloTtePn KotAlag

OYKOETPLKEG KOl OLVOLTOMLLKEG LETPNOELG
Emupavera tou d£€Lov kOATou
Adyog e averag Tou S£§LoV TPOG TOV APLOTEPO KOATIO
AgiKTNG EKKEVTPOTNTAG TNG APLOTEPNG KOLALOG
Avwpaln Stapopdwon Tou HEGOKOLALOKOU
Stadppaypatog Katd tn teEAodiaoctoAn
Emipavera tng 6€€Lag kotAlag otn TeEAoSLaoTOAR KoL T
TEAOGUOTOAN
Awapetpog tnG 6£€La¢ KolALlag Kotd tn TeEAodLaoToAn
AGyocg SLOPETPOU NG SEELAC TTPOG TV OPLOTEPN KOLALQL
Kota tn tTeEAodLaotoAn
ALapeTpog TnG d£€LaC KOLALOG 0T HECATNTO QLUTAG
Empnkng dtapetpog tng d£§Lag kKotAiog
Ndxog tou eAeUOepOU TOLYWHOTOG TNG SEELAC KOLALOG
TeAoSLaGTOALKOG OYKOG TNG APLOTEPN G KOLALG
ALGHETPOG TNG APLOTEPNG KOLALOG KOTA T TEAOGUGTOAN
Ko tn teAodiactoAn
VTIRVOT

NapAapeTpoL HETPNONG TNG TtiEoNG
ZuotoAkn Ttieon tng 6€§Lag KolAlag
ZUOTOALKN TIiEON OTNV MVEUHMOVLKN aptnpla
Méyiotn taxvtnta naAivépopng pong otnv TpyAwyiva
BaABida
Baputnta tnG avendpkeLog tTne tptyAwywvag BaABidag
Nieon tov 6€§Lo0U kOAMOU
XpOvog emitayuvong pong otnV MVEUHOVIKN aptnpla
XpOvog emitayuvong pong otov xwpo £§06ou tng SefLag
KOALOG

Baggen VIM et al, Neth Heart J 2016



Frassnca of pericardial affusion

Wpsrmin 300 jgrade 0-1] # : [ O A

Ghia HH1 — 0L EL1E-1AY

Bladad 317 igrase 044 —;.— 1.UT LTS 154

ko 1 i - 1.3 [1.10- 1.5

irronds 1071 —— 147 DEI-1AT)

Saraizd HT1- 1 1.5 (133183

Kara 111 4 | - 154 (1.17-2a3)

Fruresnn 1359 grae 014 —a 1255 SR 00

Cary=a 14 N B 1.4 SO

Foris 330 igrade 0-4] i—a— 1.4 113254,

Faymand 182 | —— M (113185

Firss 1672 - i —a— LI 151-28

dariin 17k j —— T 134447

Rachigizar 12 i A7 1357045

Ciarka HHI - : L4 {1.13- 1053

ey 15714 ! — - RNIEEDIANL

Tt i m BT, P o 47% i 1T000AHLER

. . . Lo

o LY
Haxmrd mbses
RY praszurs astimates (por 10 mmég Bmcress)

Ghia 10H] [ 394 -=- BB L1106

Favrrand F007 (TS - 156 (7125

e T 1 2 —— 100 LT 353

T F0H [ w 10 s 1.7

Firs JO71 (500 ‘m 136(1.33-1.35%%

WaBud FT1 [T § —— 1M [1.-ETE

Wiskazairs F008 [T j —8— 157 (133-L1%

Totadl f0 = I50L17 = PO i 1.1 (161138

- I F-.I:I.I:-l-l

Gy N1 (SRAF =30 marmbey —_— i b4 fRE-ITS

ok 2011 (SRAF =78 rrmbg — 156 fREE-2.71;

Cha T4 (PSR 2 71 rambig) - 141 01]- L4

“l_.. L ...ﬁ
Hazard etz
Estimated RA prassars
B afasmiyy IO {15 ity —— DR ST -1 5
Ears 3001 {210 s - I —.— 158 1AT-TLE
ishin 49 (=15 mmeky) - | N S LR 1R T
Fire 3003 {15 rmmiig) ! —— 137 337-4ET
iantin J00% (15 ) - : _— 430 {151-8TT
Moo HAT =15 mmiy i z—e— 30NN
Torbal 0= T8, I O i —i— 145 11 243053
L]

- - > ot

Right atrial area {por 5 om © incroasa)

Azyrored ¥R Endimm) - = 130 {1081l
i b anks ST ol I —— 11 {13021
By ¥ 1 e - | —— 128 [1.15- 200
Hazer 71017 ol ¢ —— 158 (138253
|
Forfiz 33 ol —— - i -
Tobl 3w B3 P - 5% : —i 1. L3811
J : p-ol e
Srhwwring 2014 220 el - ™ 1100 -1
frrorss 3011 p- 14 ordSmy) 4 —|-l— 11T k- 108
Cores X011 s enbiry emei| I —a— 1B (138241
Rpiin 3015 iz 18 ol | ——— TED 133514
Carunig 2117 20 ol o | ] TS {130 Paa)
ot - #
Hazard mbo
TE ssmarity
Fapmonz 3G (TRAL par 3 | i 137 -1 Ty
Yo 14968 igrade: B8] - —_— 1 £F BET-41%
Eustaronie 1063 jqrade 03 - — TET ¢ O -
Forfs HE4 jqrads -3 |l — TR 1 IR
A 3T 5 presder ' e, I T FEFAR-LIE
Eare JE0 1 | - : —— TET - LR
iz I D prester s e . 17 8 300
r F ! 2.3 71.24-255)
wrtad (=R, T J690G ; —i—
' T F-oll ]
a n n
Hazard ratiz
L% eccantricity index
Mysmoi 2000 : 0 LEE f.37-BE
Azyrronel H - i —— 200 (13- 1A%
Wi ol 7011 - i - L 1% (1A 10
ot A i = &4 (1a3- 154
Tatal [0 = 158, F = TR - i —i— 2.4 11571751
- i polil
Cha 14 X, 14T = : .38 @S- 143}
ool JT1 1 (1D, 195 4 e LES @A FS-185)
i J0VVE (D 1 ' —_— LEEIR5-B
L] L]
‘.:" - \.‘

Baggen VIM et al, Neth Heart J 2016



TAPSE [per 5 mm decreasa)

. 1
Durall 20144 :I 130 (108131
Ghic 279 —— | 50103389 RV fractional area changa | par 5% decraasal
Fira 2171 1 W 1LE&{143-1.00
Gl 211 —— 185 [1.04-1.44); LF 1 e BRE - 105 -1 3%
Mabal X1 - : —— rd i I L O Feroad 3001 _F_ 1.8 {1.88-1.1%
Moo 3013, J— - 250153417 Firss 2001 = 115 [E6-1.15
Forfls 2004~ [ 254 (107-L.07) Forfls 200 Lo 157 115100
Tolsl i3 = AL = TPy | 4 172 134230 s H11 | —a— 159 (1. 14- 150
. I -1 Toisd {7 = W1 F = 609 L 133 {14144
o 300 (014 ma ; A7 M- 14Ty - ; piLiG
lemarede | 17 mim | |_|_ LA (LIRS Eare 301 jre BV Sy | . 145 (I3 0 B
farunig 211 [ 1% mm | : —_— L b I KL funvi 1% o 19%) | — 132 (1184 53]
Sehuaring 210 (414 mm |- | — LAO(1EREAE Shirmorey 301 jrc @Y S | B 107 A 8E-11.11;
™Y T T T . T 1T 1T T11T1T] T T 1T T TI1IT1] A
o n & - 5 B
Hazard rabio Hazard ratio
Tl indax {psr 0.1 noraasa)
Kare 2114 [ 156 (11117 AV froa wall longitudinal pask sysiolic strain (per 5% decraasa)
Fire 7011 il 126 (L1353
= * e .
Wabuzaia 70044 L LE6 (1062508 — | T kA T-18
Lhia JL ] - 181 fBET- 11O ol - I—l_ AEA3-1)
Sem——h i _ 236 A 44 _ mru-.-ﬁ M L —— 248 (145431
Tokal i = T2 F = T7% s 1.3 11061, 408 ‘atal (0= 20 TP < i * 1211353160
. i p= 001 . | peedat
s 04 o (LT L 153 BI3-458% lrrhe 3013 iy - 1) —— il LR H
5 5 5 n " 5
o & -
Harard rasm Harard rakin
26/3/2020

Baggen VIM et al, Neth Heart J 2016



Echocardiography — modern technologies

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

= Reduced
= Predictive of functional capacity
= Predictive of survival
O Serial assessment of RV free wall
systolic strain predicts
* Clinical deterioration

Multivariable analysis Model comparison .
n
HR 95%< Cl Pvalue -2LL ¥ p-value c-statistic M O rta | Ity
Model A (6MWD) 3.769  1.204-11.795 0.023  56.381 16.997 <0.0001 0.712 .
Model A + RV-LPSS 54.288 17.762 <0.0001 0.796 D Se ria I assessme nt Of RV
a0 2528 1059226 0011 longitudinal strain improves the
RV-LPSS 5391  1.467-19.814 0.014 . .
Model B (NT-proBNP) 5.817  1.297-26.100 0.021  65.901 5.420 0.02 0.704 p re d | Ct 10N Of I on g-te Fnm ou tCO mes fO r
Model B + RV-LPSS 61.808 8525 0.014  0.760 .
NT-proBNP 1.001  1.001-1.003 0.043 P H pat e nts over Sta n d d rd
RV-LPSS 1133 1.004-1279  0.042 h em Odyn am | C | N d | ces
Model C (WHO class) 10.01  2.931-34.190 <0.0001 62.862 6961 0.008  0.705 '
Model C + RV-LPSS 60.153 9.662 0.008 0.780 Smith BC et a|’ Am J Coll Cardiol 2014
WHO class 4193 1.113-15721 0033 Rajagopal S er al, ] Am Soc Echocardiogr 2014
RV-LPSS 1102  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



Relative reduction Hazard Ratio Hazard Ratio

Author of RVLS (%) log{Hazard Ratio] SE___ Weight 1V, Random, 95% Cl IV, Random, 95% Cl
Murataetal. 2016 5% 0.04879 0.04342 25.8% 1.05 [0.96, 1.14]
Giusca et a/. 2012 6% 0.19885 0.14434  12.6% 1.22 [0.92, 1.62]

Relative reduction Hazard Ratio Hazard Ratio
Author of RVLS (%) log{Hazard Ratio] SE___ Weight IV, Random, 95% CI IV, Random, 95% CI
Vitarelliet a/. 2015 10% 1.52606 0.28056 31.4% 4.60 [2.65, 7.97] ——
Haeck et al. 2012 19% 1.22378 0.53577 11.9% 3.40[1.19,9.72] _—
Kessel, van et af. 2016 19% 1.45861 0.69022 7.6% 4.30[1.11,16.63] -
Parketal.2015 31% 0.73716 035059 233% 2.09[1.05, 4.15]1 —_—
Sachdev et al. 2011 33% 0.69315 032446 25.9% 2.00[1.06, 3.78] —_—
Total (95% Cl) 100% 2.96[2.00, 4.38] ’
Heterogenity: Tau?=0.05; Chi? = 5.27, df = 4 (P = 0.26); /> =24% }0 = 0%2 ‘g > 0%
Test for overall effect: Z = 5.45 (P < 0.00001) : S : .

Reduced risk Increased risk

‘igure 3 Forrest plot summarising the effect of a (relative) reduction of RVLS on all-cause mortality in PH patients. The red squares present the
veighted effect size and the black lines the 95% Cls. The size of the red squares indicate the weight of the study. The black diamond presents the
nean weighted HR.

26/3/2020



LV in PAH prognosis

1,04
— %k %k 2
LVFR = E wave*3.14*(MAd/2
0,84
LVFR £3.5 cm3/s
— Multivariable analysis Model comparison
> 06 H=t £ X HR 95%< Cl P value 2L © p-value c-statistic
2
3 Model A (6MWD) 0.995 0.992-0.998 <0.0001 43.8 8.3 0.004 0.835
E Ly
8 Model A + LVFR 33.37 5.978 <0.0001 0.876
04 ] s 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 329 6.060 <0.0001 0.868
0.2 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 C (WHO class) | 22.086 2.641-180.726 <0.004 41.0 16.801 <0.0001 0.791
0 Model C + LVFR 33.7 17.347 <0.0001 0.847
Ay T T T
0 20 40 60 WHO class 17.256 2.013-147.947 0.006
LVFR 1.033 1.030-1.080
Follow up Penod (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
26/3/2020

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



Right atrial function index
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RAEDV =77ml

RAESV—-RAEDV.
RAESV

RAEF= *100

._RAESV
RAESVi= =

RAEF+VTIRVOT
RAESVi

RAFi=

RAESV = 104ml

104ml-77ml

BAEES e

*100 = 25.9%

Table 6 Additive value of RAFi (=6.7%) over known survival

RAESVi=-2m!

T =61.2ml/m?

._25.9%*14.7cm

— )
RAFi== T =6.2%

predictors
Parameter HR C statistic P
6-min walk distance 0.994 0.822
6-min walk 0.952 0.844 <.0001
distance + RAFi
NT-proBNP 1.000 0.737
NT-proBNP + RAFi 0.964 0.814 <.0001
RA area 1.104 0.764
RA area + RAFi 1.099 0.845 <.001
1,0 o
g . ;7 RAFi 224.8% . .g o6l
i L _ . g RAFi 26.7%
3 04+ 1.7% <RAFi <24.8% — £<0.0001 O 047
Log Rank 14.757, pzo.omn = h Log Rank 4.861, p=0.027 RAFi < 6.7%
*% 20 40 &0 - % 20 40 60
Follow up period (months) Follow up (months)

Month0 | Month10 | Month20 | Month30 ‘.Monthlo [ Monthso

|Raris16% [15 G 2 I [
17% <RAFi 24.8% | 22 17 1 12 [t
RAFi 224.8% 10 IE

10

Month0 | Month10 | Month20 | Month30 | Month40 | Month 50

RAFi <6.7% |18 11 7 5 3 o

RAFi2 6.7% |29 24 22 20 19 18

Mouratoglou SA et al, JASE 2018




Risk assessment of PAH

Determinants of prognosis®

Tt [ R Low risk <5% Intermediate risk 5-10% High risk >10%

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope No Occasional syncope® Repeated syncope
WHO functional class LI Il 1

6MWD >440 m 165-440 m <l65m
Peak VO, >15 ml/min/kg Peak VO, Peak VO; <l | ml/min/kg
Cardiopulmonary exercise testing (>65% pred.) [ =15 ml/min/kg (35-65% pred.) (<35% pred.)

VENNVCO; slope <36 VE/NCO; slope 36-44.9 VENCO; slope >45

BNP <50 ng/l BNP 50-300 ng/I BNP >300 ng/l
NT-proBNP <300 ng/l NT-proBNP 3001400 ng/l NT-proBNP >1400 ngil

RA area [8-26 cm?
No or minimal, pericardial
effusion

NT-proBNP plasma levels

RA area >26 cm?
Pericardial effusion

RA area <18 cm?

Imaging (echocardiography, CMR imaging) No pericardial effusion

RAP <8 mmHg RAP 8-14 mmHg RAP >14 mmHg
Haemodynamics Cl 22.5 l/min/m? Cl 2.0-2.4 l/min/m? Cl <2.0 I/min/m?
SvO, >65% SvO; 60-65% SvO, <60%

26/3/2020 Galie N et al, Eur Heart J 2015



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 1 FPAH
WHO Group |

Subgroup +1 +2 +2

Demographics & Renal insufficiency Male age >60 yrs T
Comor s +1 +2
|

NYHA/WHO
Functional Class

SBP <110 mm Hg | HR >92 BPM
Vital Signs

&-Minute
Walk Test

—

Echocardiogram
w— = —

PAMURNNIINY mRAP >20 mm Hg within 1 yr T PVR>32 Wood units
Catheterization +1 32 I

APAH=assaciated PAH; BNP=Erain natriurstic peptide: BPM=baats per mirute: CTD=connactive
tazue disease; Dlromcarbon monoxide diffusing capacity; FRAH=familisl FAR; HR=heart rats; SUM OF ABOVE
mRAP=maan right atrial prassure; NYHA=Nows York Haart Association: PAH=palmanary arterial

hyperteraion; PoPH=partopulmanary hypertension; PYR=pulmeonary vascular resistance; R
SBP—systolic blood prassurs; WHO-Ward Haalth Organaatian. (Starting Score) +6

= RISK SCORE l

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

AVERAGE I‘f1ODERA‘I'E \c' ER‘V
RISK SCORE 17 10-11

PREDICTED
95%—100% 90%—<95% B85%—<90% | 70%—<85% <70%

26/3/2020 Benza et al, Chest 2012



6" World Symposium on PH

Prognostic criteria Low risk Intermediate risk High risk
A WHO FC /1l I vV
B 6MWD >440m 165-440m <165m
C NT-proBNP <300ng/ml 300-1400ng/ml >1400ng/ml
Or Or Or Or
RAP <8mmHg 8-14mmHg >14mmHg
D Cl >2.5 2.0-2.4 <2.0
Or Or Or Or
SvOo, >65% 60-65% <60%

Where is echo?

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



Who has doubts about prognosis here?

97
HR



Take home messages

JEchocardiography is the most studied imaging modality in
PAH providing useful information on diagnosis, clinical
classification, risk stratification and prognosis in PAH
patients

dRight 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

(ANovel imaging techniques may be proved of prognostic
significance in PAH
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Does RV works alone?

It takes two to tango...

26/3/2020



32

Treatment Algorithm for Pulmonary Arterial Hypertension

1 Treatment  \EEGEG—G PAH confirmed by General measures (Table 15)
naive patient expert centre Supportive therapy (Table 16)

L 2 |
CCB Therapy | ([ Acute vasoreactivity test
(Table 17) Vasoreactive L (IPAH/HPAH/DPAH only)
Non vasoreactive 3
Low or intermediate-nsk (WHO-FC II-111) High-risk (WHO-FC V)

v

Initial monotherapy Initial oral combination 'mti': (Izlzzjezlngoin;b;)rglt\lon

(Table 18) (Table 19) (Tabie 16)

.

——————— »  Inadequate clinical response p Consider referral for
(Table 14) lung transplantation

Patient al read

_on treatment

Double or triple sequential combination

(Table 20)

Inadequate clinical response (Table 14)
\ 4

Consider listing for lung transplantation

EUROPEAN
RESPIRATORY
SOCIETY

H EUROPEAN
www.escardio.or SOCIETY OF '
g European Heart Journal 2016:37.67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY *

European Respiratory Journal 2015 46: 903-975;

(Table 21)




Echocardiography — modern technologies Il

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

dIn 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 RAFi

Low risk criteria:
WHO FC I/l

6MWD >440 m,

RAP <8 mmHg,

CI>2.5 L‘min-1-m-2
NT-proBNP <300pg/dl

1007

80"

26.5%15.1%

S
% p=0.019
407 12.1%+2.5%

Low risk criteria23 Low risk criteria <3

0.8]

0.67

0.47

0.2]

Low risk criteria 23

Low risk criteria <3

Log Rank 13.460, p<0.0001

0.0

T T Ll

20 40 60
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