Assessment of Pulmonary
Hypertension
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@ E SC European Heart Journal (2022) 00, 1-114 ESC/ERS GUIDELINES

. bl Wi European Society https//doi.org/10.1093/eurheartj/ehac237
efinition

2022 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension

Developed by the task force for the diagnosis and treatment of
pulmonary hypertension of the European Society of Cardiology
(ESC) and the European Respiratory Society (ERS).

Endorsed by the International Society for Heart and Lung
Transplantation (ISHLT) and the European Reference Network
on rare respiratory diseases (ERN-LUNG).

Normal pulmonary artery pressures
PAPsys <30mmHg
PAPdiast <15mmHg
PAPmean <20mmHg

PHT

PAP,, >30mmHg
PAP_ ..,~>20mmHg
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Threshold of Pulmonary Hypertension
Associated With Increased Mortality

1.60

1.40

Adjusted HR's - Cox Proportional Hazards Model (eRVSP 20.0 - 39.99 mm Hg)

eRVSP (per mm Hg) 1.063 (95% Cl: 1.060, 1.066); p < 0.001
Female 0.721 (95% Cl: 0.702, 0.741); p < 0.001
Age (per year) 1.060 (95% Cl: 1.059, 1.061); p < 0.001
Left Heart Disease 1.178 (95% Cl: 1.211, 1.147); p = 0.001
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Risk inflection point
RVSP >30mmHg




Threshold of Pulmonary Hypertension
Associated With Increased Mortality
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= No LHD
— Concurrent LHD (LVEF <55%,
£ 140 4 Mitral E:E' prime > 12.0, LA volume index
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Incident pulmonary hypertension in 13,448 cases
investigated with repeat echocardiography:

Insights from the National Echo Database of Australia
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Incident pulmonary hypertension in 13,448 cases @ESC

investigated with repeat echocardiography: o Chdlon
Insights from the National Echo Database of Australia

M NEDA v2.0 registry (1 January 2020)
ET H O DS 1077 145 investigations from 631 824 individuals
299 517 women (61.1+18.3 years) & 332 307 men (60.8+£16.9 years)
. 23 centres Australia-wide with 26351589 days maximal follow-up
(29/05/1985 to 26/6/2019)
* NEDA captured routine echo data
on 631,824 people

- 85,173 — eRVSP <30.0 mmHg &

32 364 men & 37413 women

no LHD On initial eChO 85173adu|tswil:hpeakTRvelocitvfel;VSP <30.0 mmHg

* 13,448 (15.5%) repeat echo |
* Repeat echo categorised as — P e

0
* NO PHT (59-8 /0) 8]036 wm:rgl:‘:ﬁl,mj mmig.ﬂﬁ?z.r-zo) Median sm 22-83) M““:imznﬂ

years to LAST ECHO years to LAST ECHO years to LAST ECHO years lo LASTECHO

e Mild PHT (30.7% ] M
( o ) 5’41 2 eRVS:n?;‘.;ISTmHg
* Moderate PHT (6.9%)

eRVSP 30.0-39.9 mmHg
~ 0/ (n=4125)
(o) eRVSP 40.0-49.9 mmHg
(n=928)

0 / All-cause mortality - 2776/13 448 (20.6%) n=
. S eve re P H T (2 - 7 0 1-year mortality — 135 deaths (1.0%) eRVSP 250.0 mmHg
S-year mortolity — 1078 deaths (8.0%) (n=359)
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Incident pulmonary hypertension in 13,448 cases @ESC

European Society

investigated with repeat echocardiography: o Chdlon
Insights from the National Echo Database of Australia

PATTERN/RATE OF CHANGE IN ERVSP
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Ecno Time to Last Ecuo (Years) EcHo Time to LasT EcHo (Years)

Median eRVSP +30.68 (IQR +26.03
to +37.31) mmHg in severe PHT
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Incident pulmonary hypertension in 13,448 cases @ESC

European Society

investigated with repeat echocardiography: o Chrilogy
Insights from the National Echo Database of Australia

INCIDENCE & PREVALENCE OF PHT

Incidence rate calculated from 1* to Last Echo Point prevalence derived from censored alive cohort
<30 ywars (n=435) 62 cases Incidence rate PHT (cases per 1,000 person years) <30 ywars (n#177) 20cases | N"'°:';‘ :”:;’:7'9““ “3::‘2 :"‘:: :’)‘-":’;
B M: 2503/6169 cases - 91.0 {95% C1 95.5 - 97.5) 0 s it e & = 20;7!”65mw 3!8‘95“; . ”6- 360)
<30 years (n=450) 84 cases W: 2909/7279 cases - 90.9 (95% C1 87.8 - 94.1) ' : 2077/5965 cases - 348 | -360)
30-30 years (n=347) 63 cases ' 30-30 years (n=284| 41 cases
3039 ywars (n=450| 93 cases 30-39 yeary (n=359) 65 cases
40-49 years (n=550) 160 cases 4049 years (n=319) 55 cases
40-49 years (n-809) 207 cases 40-49 years (n-514)
50-59 years (n=1049) 363 cases ‘ 50-59 years (n=528) 127 cases
50-59 years (n=1254) 50-59 years (n=745) 181 cases

6069 years (n=1615) 714 cases ‘ €0-69 years (n=58S) 310 cases

6069 years (n=1764) 60-69 years (n=1187) 359 cases

70-79 years (n=1553) 787 cases 70-79 years (n=1322) 537 cases

70-79 years (n=1693) 899 cases 70-79 years (n=1509) 604 cases

B0+ yoars (n=620) 354 cases 80+ yeoars [n=1092) 537 cases
80+ years (n=779) 463 cases B0+ years [nv1470) 762 cases
0 20 a 60 80 100 120 140 160 180 200 0 100 200 300 400 500 600
Incident PHT (eRVSP 230 mmHg) per 1,000 men (blue) & women (purple) per annum Prevalent PHT (eRVSP 230 mmHg) per 1,000 men (blue) & women (purple)

ESC CONGRESS 2022 =
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Incident pulmonary hypertension in 13,448 cases @ESC

investigated with repeat echocardiography: o Chdlon
Insights from the National Echo Database of Australia

ALL CAUSE MORTALITY

1.0 —

* 13,448 (15.5%) repeat echo

* Repeat echo categorised as
0.60— * No PHT (59.8%)

e Mild PHT (30.7%)

* Moderate PHT (6.9%)
I | [t e joves - Severe PHT (2.7%)

P> NormaL eERVSP 1068/8036(13.3%)  RerereNcE GROUP

P> Mo PHT 1056/4125(25.6%) HR1.35(95%Cl 1.23-1.47) p<0.001
} MoberaTe PHT 436/928 (47.0%) HR 1.94 (95% C1 1.94-2.18) p<0.001
P> Severe PHT 216/359 (60.2%) HR 2.43 (95% Cl 2.09-2.63) p<0.001

0.80 —

0.40 —

Adjusted hazard — All-cause mortality

0.0 -

I I I 1 I I 1
0 3 6 9 12 15 18
13 448 11117 7882 4533 1773 394 60

Years of follow-up / Number at risk

ESC CONGRESS 2022
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Pulmonary Hemodynamics _

Right heart catheterisation “gold-standard”
Pulmonary artery pressure (PAP)
Pulmonary capillary wedge
pressure (PCWP) = LAP
Trans-pulmonary gradient

TPG = PAP,....-PCWP

mean

Pulmonary vascular resistance
PVR = TPG/Cardiac Output
Normal <2.0 Wood Units




Haemodynamic measures gbtairied during right heart catheterization

Measured variables N\ = Normal value
Right atrial pressure, mean (RAP) ~\ 1 o 2—-6 mmHg
Pulmonary artery pressure, svstulm,{s?ﬁp} N | | 7 N 15-30 mmHg
Pulmonary artery pressure, diastolic (dPAP) % 4-12 mmHg
Pulmonary artery pressure, mean {mPAP) [ |\ 8-20 mmHg
Pulmonary arterial wedge pressure, mean (PAWP) . 7/ <15 mmHg
Cardiac output (CO) 4-8 L/min

Calculated parameters \! . N |
Pulmonary vascular resistance (PVR) \ 0.3-2.0wWuU




PA Catheter in a Box

American Heart
lrcu a 10 I I Associatione
Learn and Live..

JOURNAL. OF THE AMERICAN HEART ASSOCIATIO!

Echocardiography as a
Noninvasive Swan-Ganz

Catheter
Jae K. Oh, MD

Circulation 2005:111;3192-3194




Echo assessment of Right heart pressures

Aorta

LAP -
“Wedge” _
PCWP




Echo assessment of Right heart pressures

Maximum dimension Smallest dimension

e’ velocity n/i




Echo PHT
menu

Dilated RV with basal RV/LV
ratio >1.0;
four-chamber view

Enlarged right ventricle;
parasternal long-axis view

RVOT AT <105 ms '\I‘ o
not

RVOT acceleration time of
pulmonary ejection <105 ms
mid-systolic ‘notch’ indicative of
pre-capillary PH

Systole

Reduced right ventricular
fractional area change (<35%);
four-chamber view

End-systolic

'P&kTRV

>2.8 m/s

Eifarged sight striad ared Increased systolic peak tricuspid

(>18 cm?);

4 measured with continuous
four-chamber view

wave Doppler

regurgitation velocity (peak TRV);

Flattened interventricular septum
(arrows) leading to ‘D-shaped’ LV;
decreased LV eccentricity index;
parasternal short-axis view

G

Distended inferior vena cava
with diminished inspiratory
collapsibility; subcostal view

® .
4]

§'<9.5 em/s

M-Mode

2 N

TAPSE
<18 mm

Decreased peak systolic (S)
velocity of tricuspid annulus
(<9.5 am/s) measured with
tissue Doppler

Decreased tricuspid annular
plane systolic excursion (TAPSE)
measured with M-Mode (<18 mm)

Estimated RAP

<2lcm >50% 3(0-5)
>21em >50% 8(5-10)
Peak TRY >2.1 cm <50% IS5 (10-20)
>28mis

Estimation of systolic pulmonary
artery pressure (sPAP);

sPAP =TR pressure gradient +
estimated RAP

Presence of pericardial effusion;
four-chamber view;

parasternal short-axis view;
other views (e.g. subcostal view)

@ESC @ ERS—




Dilated RV with basal RV/LV
rago >1.0;
four-chamber view

Enlarged right ventricle;
parasternal long-axis view

Flattened interventricular septum
(arrows) leading to ‘D-shaped’ LV;
decreased LV eccentricity index;
parasternal short-axis view

Distended inferior vena cava
with diminished inspiratory
collapsibility; subcostal view




RVOT AT <105 ms i\l

notch’

RVOT acceleration time of
pulmonary ejection <105 ms
mid-systolic ‘notch’ indicative of
pre-capillary PH

A

Diastole Systole

Reduced right ventricular
fractonal area change (<35%);
four-chamber view

3 ,.'ﬁ.;.\_aﬁg.f -,.—3‘—2”—.— .“\.\‘--—.—‘—‘— o
.

M-Mode !

§'<9.5 em/s

Decreased peak systolic (S)
velocity of tricuspid annulus
(<9.5 am/s) measured with
tissue Doppler

Decreased tricuspid annular
plane systolic excursion (TAPSE)
measured with M-Mode (<18 mm)




v

TR Vmax 517 mls

TRmaxPG 107 mmHg
- P

TR Vmax 518 m/s
TRmaxPG 107

Presence of pericardia effusion;
four-chamber view;

End-systolic Estimated RAP
IVC
{A
<2.| cm"i'VSO".‘é 3:1:6-}5)
>21cm >50% 8 (510)
RA >18 ecm? Peak TRV Peak TRy >2.! cm <30% I5 (10-20)
>2.8 m/s >28 m/s
SO T L N Increased systolic peak tricuspid Estimation of systolic pulmonary
> 8gcm1)'g regurgitation velocity (peak TRV); artery pressure (sPAP);
: measured with continuous sPAP = TR pressure gradient +

four-chamb i
our-chamber view wave Doppler estimated RAP

parasternal short-axis view;
other views (e.g. subcostal view)




How do | interpret a high RVSP?

Need to determine
nature & likely How can the Echo
underlying cause to derived data help me
determine appropriate decide?

treatment




Hemodynamic definitions ESC/ERS

Definition Haemodynamic characteristics
PH mPAP >20 mmHg
mMPAP >20 mmHg
Pre-capillary PH PAWP <15 mml—D
PVR >2 WU
MPAP >20 mmHg
Isolated post-capillary PH _PAWP >15 mmHg_>
PVR <2 WU
Combined post- and pre MPAP >20 mmAg
capillary PH @wp >1 mm@
PVR >2 WU
Exercise PH mPAP/CO slope between rest and exercise >3 mmHg/L/min

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary h-,rpertensiar
(European Heart Journal; 2022 — doi: 10.1093/eurheartj/ehac237 and European Respiratory Journal; 2022 — doi: 10.1183/13993003.00879-2022)




Recommendations for diagnostic strategy

Recommendations Class Level
Echocardiography

Echocardiography is recommended as the first-line, non-invasive, diagnostic

investigation in suspected PH

It is recommended to assign an echocardiographic probability of PH, based on

an abnormal TRV and the presence of other echocardiographic signs suggestive B
of PH

It is recommended to maintain the current threshold for TRV (>2.8 m/s) for
echocardiographic probability of PH according to the updated haemodynamic C
definition

Based on the probability of PH by echocardiography, further testing should be

considered in the clinical context (i.e. symptoms and risk factors or associated lla B
conditions for PAH/CTEPH)

In symptomatic patients with intermediate echocardiographic probability of PH,
CPET may be considered to further determine the likelihood of PH

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension
(European Heart Journal; 2022 — doi: 10.1093 /eurheartj/ehac237 and European Respiratory Journal; 2022 — doi: 10.1183/13993003.00879-2022)

BESC/ERS

lib C

www.escardio.org/guidelines
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Pre-capillary Pulmonary Hypertension

Obstructed arterial tree
Very high PAP

Low LAP

High PVR/TPG




Post-capillary Pulmonary Hypertension

Obstructed venous efflux from
lungs to LA

High LAP

High PAP

Normal TPG

" (+/- "Out-of-proportion” or "Mixed Pre/Post”)




ePLAR — The echocardiographic Pulmonary to LA Ratio

Frequency

MaxXx

Mitral E/e’

Rising LAP Rising TPG

0 0.10 0.20 0.30 0.40 0.50 0.60
ePLAR (m/s)

International joumal of Cardiology 212 (2016) 379-386

Contents lists available at ScienceDirect

CARDIOLOGY

International Journal of Cardiology

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

ePLAR — The echocardiographic Pulmonary to Left Atrial Ratio — A novel @mmm
non-invasive parameter to differentiate pre-capillary and post-capillary
pulmonary hypertension

Gregory M. Scalia®”<9*, Isabel G. Scalia ¢, Rebecca Kierle °, Rebekka Beaumont ©, David B. Cross °€,
John Feenstra©, Darryl ]. Burstow *¢, Benjamin T. Fitzgerald *°<, David G. Platts ®

* The Prince Charles Hospita] Brishane 4032 Austrafia
" Heart Care Pormers, Brishane 4066, Austalia

© The Wesley Hospital Brishane 4066, Australia

9 University of Queensland, Brisbane 4068, Australia




ePLAR — conceptual framework

TRV, ., (m/s)

LAP =N

Pre-capillary PHT
TRV, ., ~ 4.4m/s
E/e'~ 8

ePLAR = 0.55m/s

LAP High

Post-capillary PHT
TRV .. ~4.4m/s

max

E/e'~ 20
ePLAR =0.22m/s

PHT

Normal
TRV, .~ 2.4m/s

E/e'~8
ePLAR =0.30m/s

LHF with N PAP
TRV, ., ~ 2.4m/s
E/e'~ 20

ePLAR =0.12m/s

PAP = N

15

20

Mitral E/e’

25

Frequency

A

< Rising LAP

0.10

0.20

Rising TPG >

0.30 0.40
ePLAR (m/s)

0.50

0.60




ePLAR - 16356 Normals

15-
2 3.0-
8 T 10+ I
% . i
5 2° S R
o 5-
> 2.0-
o T c | | | | | | | | | | | | | | | | | | | |
1.0- 0 10 20 30 40 50 60 70 80 90 100110
0.9+ — Age
0.8+

7 0.7- Population Normals A

EF >= 50% € 06 Mean + SD = 0.30+0.09 < Rising LAP
o _

(&)

o

Q

>

(oN

o

LL

Rising TPG >

TR < 2.9m/s Y =-0.0014x + 0.3817

LAA<=22 cm2
E/e' <= 12 0.4-
Mean mitral grad <=5mmHg
Peak AoV <=2m/s 0.2-
IVS thickness <=11mm 0.4
AR PHT <> 200-400ms 0.0

v

10 20 30 40 50 50 70 30 90 100 0 0.10 0.20 0.30 0.40 0.50 0.60
ePLAR (m/s)

Age (years)




Pre-capillary Post-capillary
PHT PHT

TRV .« 4.0+/-0.5m/s TRV .« 3.3+/-0.7m/s
Ele' 12.6+/-7.4 Ele' 22.7+/-13.9
ePLAR = 0.44+/- ePLAR = 0.20+/-
0.22m/s 0.11m/s

PHT

PAP =N

25

Rising TPG >

ePLAR (m/s)

Rising LAP

Post-cap vs Popn normal p<0.005
Pre-cap vs Popn normal p<0.005
Pre-cap vs post-cap p<0.001
Post-cap vs LHF p=ns

Frequency

0 0.10 0.20 0.30 0.40 0.50 0.60




@ESC

European Society
of Cardiology

Pulmonary congestion in
post-capillary PH

Mortality Hazard Ratio

5

4

__ )

Pulmonary vascular disease / 2

. . . 1
obstruction in pre-capillary PH

1%

population

Mortality Hazard Ratio

& -

PULMONARY HYPERTENSION

Prevalence

CLINICAL CLASSIFICATION

Pulmonary arterial
hypertension (PAH)

PH associated with
left heart disease

e Idiopathic/heritable e |pcPH
e Associated e CpcPH
conditions
PREVALENCE
Rare Very common

& a2 aa
a22a

THERAPEUTIC STRATEGIES

Medical therapy IpcPH:
e PAH drugs e Treatment of LHD?
e CCBin

responders CpcPH:
Lung e Treatment of LHD?
transplantation

* Potentially: PAH
drugs (trials)

10 20 30 40 50 60

© = N W & w
o 4

5
mPAP (mmHg) PVR (Wood units)

PH associated with

lung disease

* Non-severe PH
e Severe PH

Common

& aa
a a

PH-lung disease:

e Optimized care of
underlying lung
disease

Severe PH:
e Potentially: PAH
drugs (trials)

PH associated with
pulmonary
artery obstructions

e CTEPH
e Other pulmonary
obstructions

Rare

Surgical therapy:
« PEA

Interventional:
 BPA

Medical therapy:
e PH drugs

Right heart
failure

PH with unclear
and/or multifactorial
mechanisms

e Haematological
disorders
e Systemic disorders

Rare

Optimized
treatment of
underlying disease

« Potentially: PAH
drugs (trials)

@ESC @ ERS—

Eur Heart J, ehac237, https://doi.org/10.1093/eurheartj/ehac237


https://doi.org/10.1093/eurheartj/ehac237

CLINICAL CLASSIFICATION

Pulmonary arterial PH associated with PH associated with
hypertension (PAH) left heart disease lung disease

PH associated with PH with unclear
pulmonary and/or multifactorial
artery obstructions mechanisms

e |diopathic/heritable e Non-severe PH e Haematological
e Associated e Severe PH e Other pulmonary disorders
conditions obstructions e Systemic disorders
PREVALENCE
Rare Very common Common Rare Rare

2 ad aad & 2 2 4
adaad a a



https://doi.org/10.1093/eurheartj/ehac237

CLINICAL CLASSIFICATION

Pulmonary arterial PH associated with
hypertension (PAH) left heart disease

e |diopathic/heritable
e Associated
conditions

Groupl Group 2

PH associated with
lung disease

e Non-severe PH
e Severe PH

Group 3

PH associated with
pulmonary
artery obstructions

e CTEPH

e Other pulmonary
obstructions

Group 4

PH with unclear
and/or multifactorial
mechanisms

e Haematological
disorders
e Systemic disorders

Group 5



https://doi.org/10.1093/eurheartj/ehac237

Post-caplillary (left heart) PHT

| ! ! GROUP 2 PH|associated with|left heart disease
PH associated with - -
left heart disease 2.1 Heart failure:
2.1.1 with preserved ejection fraction
2.1.2 with reduced or mildly reduced ejection fraction
2.2 Valvular heart disease
2.3 Congenital/acquired cardiovascular conditions leading to post-capillary PH

REVIEW

Heart, Lung and Circulation (2018) 27, 301-309
1443-9506,/04 /%36.00
ht‘tp‘-}:/ /doi,org/'lf},'l [}lﬁ/j,hlc,ZU'l 7.09.015

Left Heart Disease and Pulmonary ®
Hypertension: Are We Seeing the Full i
Picture?

Kevin Chung, MBBS?, Geoff Strange, PhD P Jim Codde, PhD,
David Celermajer, MBBS, PhD bede Gregory M. Scalia, MBBS, MMedSc sh
David Playford, MBBS, PhD *"



https://doi.org/10.1093/eurheartj/ehac237

Post-caplillary (left heart) PHT

! ! GROUP 2 PH|associated with|left heart disease
PH associated with -
left heart disease 2.1 Heart failure:
2.1.1 with preserved ejection fraction
2.1.2 with reduced or mildly reduced ejection fraction
2.2 Valvular heart disease
2.3 Congenital/acquired cardiovascular conditions leading to post-capillary PH

Heart failure/cardiomyopathy ‘ Valvular heart disease

§& Eﬁ

HFrEF HFmrEF HFpEF Aortic valve Mitral valve
EF <40% EF 4 l—49% EF >50% Stenosis/Regurgitation



https://doi.org/10.1093/eurheartj/ehac237

PH associated with
left heart disease

Post-capillary (left heart) PHT

TRV, ., (m/s)

LAP =N

Pre-capillary PHT
TRV__. ~4.4m/s

max

E/e'~8
ePLAR = 0.55m/s

LAP High

Post-capillary PHT
TRV .. ~4.4m/s

max

E/e'~ 20
ePLAR =0.22m/s

PHT

Normal
TRV, ., ~ 2.4m/s

E/e'~ 8
ePLAR = 0.30m/s

LHF with N PAP
TRV ..~ 2.4m/s

max

E/e'~ 20
ePLAR =0.12m/s

PAP = N

15

20 25

Mitral E/e’

Rising LAP

[Risng PG



https://doi.org/10.1093/eurheartj/ehac237

PHT secondary to LHD

ePLAR = TRVmax
Mitral E/e’

=4.2+27 =0.15m/s

Rising LAP Rising TPG s E/e — 27 ‘

1 MV E' Medial = 0052 i
2 MV A" Medial = 0.036 v
MV EJE" Medial = ?668

1 TRVmax =4.20 m/s
TR Peak Grad = 70.7 mmHg

0.15

ePLAR




PHT secondary to LHD

ePLAR = TRVmax
Mitral E/e'

=4.2+27 =0.15m/s

Rising LAP Rising TPG

=0.15

ePLAR




CLINICAL CLASSIFICATION

Pulmonary arterial PH associated with
hypertension (PAH) left heart disease

e |diopathic/heritable
e Associated
conditions

Groupl Group 2

PH associated with
lung disease

e Non-severe PH
e Severe PH

Group 3

PH associated with
pulmonary
artery obstructions

e CTEPH

e Other pulmonary
obstructions

Group 4

PH with unclear
and/or multifactorial
mechanisms

e Haematological
disorders
e Systemic disorders

Group 5
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Precapillary PHT

GROUP 1 Pulmonary arterial hypertension (PAH)
Pulmonary arterial 1.1 Idiopathic
hypertension (PAH)

1.1.1 Non-responders at vasoreactivity testing
1.1.2 Acute responders at vasoreactivity testing
1.2 Heritable
1.3 Associated with drugs and toxins
1.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis
1.5 PAH with features of venous/capillary (PVOD/PCH) involvement

G FOU p 1 1.6 Persistent PH of the newborn

e |diopathic/heritable
e Associated
conditions
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Precapillary PHT

WOMEN ARE

4X

MORE LIKELY
TO DEVELOP
IDIOPATHIC
PULMONARY
ARTERIAL
HYPERTENSION

(IPAH)

KNOW THE SYMPTOMS
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e Associated
conditions
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Pre Capillary PAH
ePLAR = _TRVmax

M |t I'd I E / e' ' wﬁ'.ﬁw‘*&’ﬁﬂ% =

TRVmax -
= 3.6 + 8 = 0.45 m/s

<Risin9 LAP Rising TPG>
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Pre-capillar .
Pre Caplillary PAH Rx 1 month
ePLAR = TRVmax Nomal

Mitral E/e'
= 0.36 m/s

<Risin9 LAP Rising TPG>
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] Pre-capillary ost-capillar
Pre Capillary PAH Rx 1 year

Normal LHF with N PAP

ePLAR = TRVmax
Mitral E/e’

TRVmax

=21 +=7.6 =0.28m/s

<Rising LAP Rising TPG>

+ Med E* Vel 0.10 m/s

:x Med A” Vel 0.10 m/s
E/Med E° 7.6
E’/A" Medial 10 -

L0
™
o

ePLAR

o ]
100mm/s



CLINICAL CLASSIFICATION

Pulmonary arterial PH associated with
hypertension (PAH) left heart disease

e |diopathic/heritable
e Associated
conditions

Groupl Group 2

PH associated with
lung disease

e Non-severe PH
e Severe PH

Group 3

PH associated with
pulmonary
artery obstructions

e CTEPH

e Other pulmonary
obstructions

Group 4

PH with unclear
and/or multifactorial
mechanisms

e Haematological
disorders
e Systemic disorders

Group 5
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Other Pre-capillary conditions

PH with unclear
and/or multifactorial
mechanisms

PH associated with
pulmonary
artery obstructions

PH associated with
lung disease

e CTEPH

e Other pulmonary
obstructions

e Non-severe PH
e Severe PH

e Haematological
disorders
e Systemic disorders

Group 3 Group 4 Group 5

GROUP 3 PHJ|associated withjlung diseases and/or hypoxia
3.1 Obstructive lung disease or emphysema
3.2 Restrictive lung disease
3.3 Lung disease with mixed restrictive/obstructive pattern
3.4 Hypoventilation syndromes
3.5 Hypoxia without lung disease (e.g. high altitude)
3.6 Developmental lung disorders

Sleep-disordered breathing is removed from the classification

GROUP 4 PH|associated with bulmonary artery obstructions
4.1 Chronic thrombo-embolic PH
4.2 Other pulmonary artery obstructions

GROUP 5 PH with unclear and/or multi-factorial mechanisms
5.1 Haematological disorders
5.2 Systemic disorders
5.3 Metabolic disorders
5.4 Chronic renal failure with or without haemodialysis
5.5 Pulmonary tumour thrombotic microangiopathy
5.6 Fibrosing mediastinitis
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Group 3 Lung disease

COPD ILD
Remodelling of airways, lung parenchyma, and vessels
Emphysema Fibrosis Vascular pruning
- Pl N s b
Ee e By SO
sl o o p

(o, TP "‘@%-‘
o) BF
P - n 4 7% %

Severe PH

No PH Non-severe PH (PVR >5 WU)

~20% ~5-10%

Prevalence ~70%




Group 4 CTEPH

Proximal PA fibrotic Distal PA fibrotic

3 . Microvasculopathy
obstructions obstructions



Systemic Sclerosis
(Scleroderma)

Recommendations Class Level

Systemic sclerosis
/ In patients with SSc, an annual evaluation of the risk of having PAH is . B \
recommended

In adult patients with SSc with >3 years’ disease duration, an FVC >40%, and a
DLCO <60%, the DETECT algorithm is recommended to identify asymptomatic B
patients with PAH

In patients with SSc, where breathlessness remains unexplained following non- C
anasive assessment, RHC is recommended to exclude PAH




What about RV Strain?
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RV FW Strain - Prediction of Survival in PH

B

B

Loop diuretics

B
th

Edema despite

P0,005
loop diuretics
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progression, %
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RV FW Strain - Prediction of Survival in PH

P=0,005
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RV FW Strain - Prediction of Survival in PH

=
o
o

P<0.001
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Time free from cardiac event
or PH medical intervention, %

P<0.001
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Follow-up, months Follow-up, months

All-cause mortality Time free of cardiac events or PH
medical intervention
Fine NM et al Circ Cardiovasc Imaging 2013; 6: 711-21 %‘:ﬁ; ECHO
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RV FW strain in treated patients with PPH

50 patients — pre and 6/12 post PPH Rx

>-12.5%

[1:]
>
>
=
=
wn

Survival

- <-5%
<-12.5%
. RV free wall longitudinal systolic strain > -12.5%

. RV free wall longitudinal systolic strain improvement > -5%
. RV free wall longitudinal systolic strain < -12.5%

. RV free wall longitudinal systolic strain did not improve by -5%

Follow-up, years Follow-up, years

Free wall strain at follow up Improved free wall strain at follow up
and prognosis and prognosis
Correlated with symptom improvement and BNP
Hardegree EL, Kane GC et al Am J Cardiol 2013; 111: 143-148
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Pulmonary hypertension
“iceberg”

RV failure

*

RV PA uncoupling

1)

RV PA coupling
preserved

')

Chronic RV afterload
Increase

RV enlargement, increased HR
Mismached contractility
and afterload

Increased RV contractility
and RV hypertrophy

Todaro et al, Am J Cardiovasc Dis 2020;10(4):272-283



Concept of RV-PA coupling

€0 @-PAuncoupuns Advanced PH
< | > Increasing RV volume + HR
RV-PA coupling preserved . .
; Increasing Arterial Load

Decreasing RV

E " contractility/elastance

- Ees/Ea=1.2

5 Increased Arterial Load
F Increased RV contractility
§ 2 Ees/Ea =2

& RVESP Ees/Ea =2

Ees — slope of end-systolic pressure as
measure of RV contractility(elastance)

g ies

. ; Ea—-m re of arterial |
Right Ventricular volume ml a easure of arterial load

Todaro et al, Am J Cardiovasc Dis 2020;10(4):272-283




RV-PA Coupling : Ratio of TAPSE/PASP

RV-PA oA = RV-PA
coupling un-coupling

TAPSE/PASP TAPSE/PASP
>(0.31 mm/mmHg <(0.31 mm/mmHg

(Ees/Ea >0.5) o) (Ees/Ea <0.8)
SEens 87.5% Sens 87.5%
SPEC 76% ~ SpPec /6%

Normal TAPSE/PASP >0.55mm/ mmHg

Tello et al, Circ Cardliovasc Imaging, 2019, 12.




Invasive vs Non-Invasive RV-PA Coupling assessment
_|RVAfterload RV function | RV-PA Coupling_

Invasive MmPAP 50mmHg CO 5.7L/min Preserved
(RHC) PVR 7WU RAP 5mmHg
Non-Invasive PASP 60mmHg TAPSE 24mm Preserved

RVOT notching TAPSE/PASP 0.4
RVOT AccTime S 14cm/s
<100ms FAC 55%

PPTT 130msec RVFWS 28%

Todaro et al, Am J Cardiovasc Dis 2020;10(4):272-283




Assessment of-Pulmonary Hypertension

®* RVSP/TRV,.is ¢ » Differentiating pre and
~ the universal entry - pesteEplieny AV
level test ' important for guiding
therapy
* IVCior RAP ® ePLAR and other
® E/e’for LAP algorithms
. * RVFwWs ®* ‘Left heart” PHT
\* TAPSEIPASP / k_“[\jpn-left heart” PHT

Big data and new guidelines emphasise lower thresholds and earlier
| intervention to prevent progression and |mprove progn03|s
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Assessment of Pulmonary
Hypertension

Dr Julie Humphries
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