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A significant delay remains in PAH diagnosis

Time from symptom onset to diagnosis - little change over the past 15 years

Spain 20122 (n=866) Poland 20203 (n=50)
Mean: 42.0 months Median: 18.0 months

UK/Ireland 2012! (n=404)
Median: 18.0 months

UK 2019° (n=545) ’ -
20% of patients 3+ years - ra—

China 20114 (n=712)
Median: 36.7 months

USA 20128 (1=2635)
REVEAL:

Median: 12.8 months

Australia 2013> (n=32)
Mean: 31 months

Median: 44.0 months
Mean: 47.0 months

Australia/NZ 2020°¢ (n=2044)
Median: 14.4 months
Mean: 30.0 months

Saudi Arabia 20147 (n=107)
Mean: 27.8 months

1. LingY, et al. Am J Crit Care Med 2012; 186:790-6; 2. Escribano-Subias P, et al. Eur Resp J 2012; 40:596-603; 3. Bylica J, et al. Kardiol Pol 2020; 25:750-2;
4. Jing Z-C, et al. Am J Crit Care Med 2011; 183:1723-9; 5. Strange G, et al. Pulm Circ 2013; 3:89-94; 6. Khou V, et al. Respirology 2020; 25:863-71;
7. Idrees MM, et al. Ann Thorac Med 2014; 9:209-15; 8. Benza RL, et al. Chest 2012; 142:448-56; 9. ArmstrongI, et al. BMC Pulm Med 2019; 19:67.



The diagnosis of PAH is often challenging due to non-specific
symptoms and signs and presence of comorbidities

r

@ Symptoms Signs _of‘ _R;V backw?ffamfre :
. * Central, peripheral, or mixed cyanosis * Distended and pulsating jugular veins
¢ Dyspnoea on exertion (WHO-FC) * Accentuated pulmonary component of the * Abdominal distension
* Fatigue and rapid exhaustion second heart sound * Hepatomegaly
" * RV third heart sound ¢ Ascites
e DYSPnoea when bendlng forward (bendopnoea) « Systolic murmur of tricuspid regurgitation . » Peripheral oedema
. Palpitatio ns ¢ Diastolic murmur of pulmonary regurgitation

* Haemoptysis

* Exercise-induced abdominal distension and nausea
* Weight gain due to fluid retention

* Syncope (during or shortly after physical exertion)
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RED FLAG |
DON’'T ASSUME DYSPNEA IN
YOUNG IS ONLY ASTHMA OR

! ANEMIA !11I
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Silent disease progression and delays in diagnosis prevent
timely disease management

Pulmonary Vasculopathy Right Heart Failure

Pulmonary Vascular

Intimal proliferation, fibrosis ,
ril artery obstruction

/—Vascular remodelling
% Medial hypertrophy

Thrombosi

Plexiform lesion
Vasoconstriction

hyperplasia proliferation lesions

« Pathological changes to pulmonary vasculature lead to increased PVR and PAPZ23, forcing the
right heart to work harder to maintain cardiac output4

« As a consequence of increased afterload, right heart undergoes adaptive compensatory
changes, which become maladaptive over time as the disease progresses?->

1. Image from Humbert M, et al. Eur Heart J 2022; 00:1-114; 2. Austin ED, et al. Ann Am Thorac Soc 2014; 11:5178-85; 3. Bogaard HJ, et al. Chest 2009;
135:794-804; 4. Swift AJ, et al. Am J Respir Crit Care Med 2017; 196:228-39; 5 Goh ZM, et al. JACC Cardiovasc Imaging 2021; 14:1271-2.



Delayed diagnosis disease is advanced with diagnostic
delays negatively impacting on survival

- 2 Diagnostic delays of 2 or 5 years
G’lRI Cine Image short aQ / SPIi\I:IIiRieGgslggry \ reased mortality for PAH patien

by 11% and 29%, respectively3
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What Should We Do?

RED FLAG
DON’'T ASSUME DYSPNEA IN
YOUNG IS ONLY ASTHMA OR
ANEMIA !11I




Improving the time to diagnosis: understanding the journey
of a typical patient with PAH

Silent disease
progression before
symptoms appear

Initial symptoms Emergency hospital visit

e.g. breathlessness

Worsening of symptoms

+ palpitations, chest pain e.g. collapse
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5+ Years 3+ Years || 2 Years 1 Year
v ' ' ' ' RHC-confirmed
0 / l l l \. i \. PAH diagnosis
oc . . in specialist
o3 Blood Spirometry + ECG + 24 hr X-ray Lung CT of chest Transthoracic PH unit
©c O tests ambulatory chest function echocardiography
ar ECG with DLCO
Patients treated for Further
other indications (e.g. assessment
asthma/COPD) of treatment
]
£3
38
c .
g Eo Improved patient ImprO\éed application of
2o0% awareness lagnostics
‘s’ % % Wearable technologies Breathlessness clinics
>5 g
e
90 Utilising large healthcare data sets
whd
S ° -I (N Hospital episode statistics/insurance data i I-
o

Kiely DG, et al. Eur Heart J Suppl 2019; 21:K9-K20.



Improve the time to diagnosis in PAH: Combine approaches

Screening
Asymptomatic patients

Systemic Sclerosis
Assessment for liver transplant
BMPR-2 mutation carriers
1st degree relatives of HPAH

Early detection
Symptomatic ‘at risk’ patients

Connective tissue disease
Congenital heart disease
Portal hypertension
HIV infection

Facilitating earlier diagnosis of PAH

Improve patient and
physician awareness

Improve diagnostic value and
application of investigations

Utilising large healthcare data sets
Hospital Episode Statistics / Insurance data

4

4

4

Improving detection of PH using population based approaches

Kiely DG, et al. Eur Heart J Suppl 2019; 21:K9-K20.




PH diagnostic algorithm
ESC/ERS guidelines 2022



The evolution of diagnostic algorithms in PH

2015 ESC/ERS Guidelines!?

Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH 1
High or intermediate ‘l, ‘; Low

Consider other causes
and/or follow-up

Consider left heart disease and lung
diseases by symptoms, signs, risk factors,
ECG, PFT+DLCO, chest radiograph and
HRCT, arterial blood gases

Diagnosis of left heart diseases or

¥ ves lung diseases confirmed? Yes
No signs of severe Signs of severe PH/RV
PH/RV dysfunction dysfunction

¥ V/Q scan ¥

i i 7
Treat underlying Mismatched perfusion defects? Refer to PH
disease Vs Refer to PH Mo expert center
= expert
CTEPH possible: CoLEL RHC

CT pulmonary angiography, Yes P 225 mmHg, PAWP
RHC +/- pulmonary angiography J: Hg, PVR >3 Wood units
No
PAH likely 4
Specific diagnostic ch-tn:frer
S causes

2019 6th World Symposium? 2019 PVRI Diagnostic algorithm3

History, symptoms, signs and/or laboratory tests suggestive of PH

Echocardiographic probability of PH “ Sl

Fast track referral
of selected patients

Consider V/Q scan to
screen for CTEPH

Consider left heart disease

(assess probability) and lung
disease

No clinically significant left

heart disease or lung disease

Refer to PH expert center

See algorithms for left heart
disease and lung disease/
hypoxia related PH

Consider CMRI +/- CTPA Sub-optimal

Signs of severe PH/RV dysfunction
No

Treat underlying cause

Yes 2

CTEPH risk PAH risk

Yes | CTPA +/- perfusion factors factors
(DECTA or CT-LSIM)

Symptoms and/or signs suggestive of PH
Detailed history for risk factors for PAH and CTEPH
ECG, Spirometry + DLco, CXR, blood testing

com Ye z
Confident non-PH diagnosis - Treat underlying cause
No

Low probability
Echocardiogram Risk factors for PAH or CTEPH

Intermediate or _high probability

Diagnosis of left heart disease?

No

Look for
other causes

Consider Consider .
s e Consider
erfusion luny o/
imaging screening

No

Consider perfusion lung imaging
Scintigraphy (SPECT/planar)

DECTA or CT-LSIM*
MRI perfusion

Diagnosis of lung disease? Yes Signs of severe PH/RV dysfunction

No No

Referral to PH centre Yes

Treat underlying cause

1. Galie N, et al. Eur Heart J 2016; 37: 67-119; 2. Frost A, et al. Eur Respir J 2019; 53:1801904; 3. Kiely DG, et al. Pulm Circ 2019; 9:2045894019841990.




Improving the detection of PH by adopting a multistep
approach: ESC/ERS 2022 algorithm

~ Diagnostic algorithm of patients with unexplained

Fast-track referral at
any time in case of
warning signs,
or when PAH
or CTEPH®
are suspected

STEP 3
Confirmation

‘accordingly

2,.
@ESC @ ERS

Humbert M, et al. Eur Heart J 2022; 00:1-114.



Echocardiography is recommended as first line imaging test
if PH is suspected

id regurgitation velocity (m/s)

!

29-3.4 >34
[ [

er echo PH signs® (see Table 10)

A: The ventricles B: Pulmonary C: Inferior vena
Peak TR (tricuspid artery cava and RA
regu rgltant) jet VEIOCIty RV/LV basal diameter/ RVOT AT IVC diameter
area ratio >1.0 <105 ms and/or >21 mm with
mid-systolic decreased inspiratory
notching collapse (<50% with
Y T o ,‘\“ a sniff or <20% with
\/ L% \J quiet inspiration)
Flattening of the Early diastolic RA area (end-systole)
interventricular pulmonary =18 cm?

septum (LVEl >1.1 in regurgitation
ole and/or diastole)  velocity >2.2 m/s

PAP ratio PA diameter >AR
5 mm/mmHg diameter
PA diameter
=25 mm

Humbert M, et al. Eur HeartJ 2022; 00:1-114; Augustine D, et al. Echo Res Pract 2018; 5:G11-G24




Using echocardiography probability to aid decisions for

further assess

Same thresho
TRV as 2015
Guidelines

FAST
TRACK
REFER

TO PH
EXPERT

Presence of of
signs of PH

Risk factors t
incorporated
assessment

Humbert M, et al. Eur HeartJ 2022; 00:1-114.

Peak tricuspid regurgitation velocity (m/s)

{

4 )’
28 ) (293 ) ( >3.4 )
. 7 4 \ 7
[ [ |
Presence of other echo PH signs® (see Table 10)
}* “ 1 }* ;" 1 Yes/No
("’ PH PROBABILITY " ( PH PROBABILITY \l PH PROBABILITY
\ LOW ) . INTERMEDIATE | \ HIGH )
. J \ J \§ '

Risk factors or associated conditions for PAH or CTEPH

-

-

s

Alternative diagnosis
(Class lla)

-

| ®

Echo follow-up
(Class lla)

1 Yes/No

urther intervention?
RHC (if indicated?)

(Class I)

4

@ESC®

ERG




Detection of Chronic PH by Echocardiography:
2022 ESC/ERS Guidelines for Pulmonary Hypertension

Peak tricuspid regurgitation velocity (m/s)

! )
4
29-34 ) ‘ >34
< 4 < 4
: ; Flattened interventricular septum : _ I I
Enlarged right ventricle; Dl i basalllvaiey (arrows) leading to ‘D-shaped’ LV; DiEne. iinpre Presence of other echo PH signs * (see Table 10)
parasternal long-axis view ratio >1.0; with diminished inspi

decreased LV eccentricity index;
parasternal short-axis view

four-chamber view collapsibility; subcostd

M-Mode

I—i Yes/No
| @ | ]

© PHPROBABILITY PH PROBABILITY
L INTERMEDIATE J HIGH

T TAPSE | |
RVOT AT <105 ms ) , <I8 mm
Nnotch Diastole Systole Risk factors or associated conditions for PAH or CTEPH

. . [
RVCIT. acceleratlf)n e of Reduced right ventricular Decreased tricuspid annular Decrq.eased pe ak s,ySt % l Y Yes/N
pulmonary ejection <105 ms : — : : velocity of tricuspid a | es/INC

id-systolic ‘notch’ indicative of fractional area change (<35%); plane systolic excursion (TAPSE) <95 em/ ] ~— ~—

rid-systolic notch indicative o four-chamber view measured with M-Mode (<18 mm) (, i e
pre-capillary PH tissue Doppler

Echo follow-up

(Class lla) RHC (if indicated 9)

(Class 1)

o End-systolic 7 / Estimated RAP e

@ESC @ ERS—

<2.cm >50% 3 (0-5)
>2.1cm >50% 8(5-10)
Peak TRV Peak TRV >2.Icm <50% 15 (10-20)

S threshold for TRV
Erisad gkt atial ares Increased systolic peak tricuspid Estimation of systolic pulmonary Presence of p a m e res O o r
> I8gcm2)'g regurgitation velocity (peak TRV); artery pressure (sPAP); four-chamber vié
o : . measured with continuous sPAP =TR pressure gradient + parasternal short-a (< / J— / )
folp-ehamberview wave Doppler estimated RAP other views (e.g. subcd - 2 ° 8 m S’ 2 ° 9 3 ° 4’ > 3 ° 4 m/s

\ @ESCOER

2022 ESC/ERS Guidelines for the@®gnosis 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)




Detection of Chronic PH by Echocardiography:
2022 ESC/ERS Guidelines for Pulmonary Hypertension

Additional echocardiographic signs suggestive of pulmonary hypertension

A: The ventricles B: Pulmonary artery C: Inferior vena cava and RA
RV/LV basal diameter/area RVOT AT <105 ms and/or IVC diameter >21 mm with
ratio >1.0 mid-systolic notching decreased inspiratory

collapse (<50% with a sniff or
<20% with quiet inspiration)

Flattening of the Early diastolic pulmonary RA area (end-systole) >18
interventricular septum (LVEI  regurgitation velocity cm?

>1.1 in systole and/or >2.2 m/s

diastole)

TAPSE/sPAP ratio PA diameter > AR diameter

<0.55 mm/mmHg PA diameter >25 mm

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)



CXR and ECG may suggest the diagnosis of pulmonary
hypertension — ADD NT-PROBNP !I!
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Humbert M, et al. Eur HeartJ 2022; 00:1-114; Rich S, et al. Ann Intern Med 1987; 107:216-23.



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

Mildly reduced DLCO is common in classical IPAH and in PH
correlates with disease severity

15 . 140

© 120
0) 0

S 10 3 100
9 0

g a 80
) Y

S % 60
o 5 e

- ~ 40
* S
-l

3 20

0 0

SRRV RPORP P RPN LD PP SN ! I I Iv
DLCO (% of predicted) WHO Functional Class

DLCO <45% should raise possibility of SSc or co-existing lung disease or PVOD

*Error bars are 95% CI. Dlco diffusion / transfer co-efficient for carbon monoxide; SSc systemic sclerosis; PVOD pulmonary veno-occlusive disease.
Humbert M, et al. Eur HeartJ 2022; 00:1-114; Lewis RA, et al. Eur Resp J 2020; 55:2000041; Billings CG, et al. Front Med 2018; 5:1-10.



VQ or Q scanning is recommended to exclude CTEPH in
unexplained PH ( NOT CT PULMONARY ANGIO!!

PERF_AP PERF_PA

PERF_RPO PERF_LPO

T et
NN e

Tunariu N, et al. J Nucl Med 2007; 48:680-4; Humbert M, et al. Eur Heart J 2022; 00:1-114.



CT imaging in PH: Systematic approach

Vessels Cardiac chambers Lungs Mediastinum / other

Moore NR, et al. Clin Radiol 1988; 39:486-9, DevarajA, et al. Radiology 2008; 249:1042-9; Condliffe R, et al. Rheumatology 2011; 50:1480-6; Lewis RA, et al.
Respirology 2020; 25:1066-72; CastenerE, et al. Radiographics 2009; 29:31-50; Swift AJ, et al. Eur Radiol 2020;30:4918-4929; Currie BJ, et al. Int J Cardiol
2018; 260: 172-7; Sherrick AD, et al. Am J Roentgenol 1997; 169:79-82; Kauczor HU, et al. J Comput Assist Tomogr 1994; 18:855-61.



Combining CT findings and integrating with the clinical
picture

Probability of Pulmonary Hypertension

PA >230mm + RVOTH =26 mm and RV:LV
ratio =1 highly predictive of PH

Swift AJ, et al. Eur Radiol 2020;30:4918-4929 Montani D, et al. Eur Respir J 2009; 33:189-200; Hadinnapola C, et al. Circulation 2017; 136:2022-33.



Combining CT findings and integrating with the clinical
picture

ombining imaging data, physiology testing

Probability of Pulmonary Hyperte nd genetic testing

15

jary
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Frequency (%)
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an® ©
: o
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_-.---‘..-..' E :..
PA >30mm + RVOTH 26 mmand " O~ "pAH PAH __PAH _ PAH _ PVOD
. . s hetero- biallelic bialleli
ratio >1 highly predictive of PH PR autation zygous EIF2AKS EIF2aK4

EIF2AK4

Swift AJ, et al. Eur Radiol 2020;30:4918-4929 Montani D, et al. Eur Respir J 2008

adinnapola C, et al. Circulation 2017; 136:2022-33; Kiely DG,
et al. Pulm Circ 2019; 9:2045894019841990.



Emerging imaging modalities: MRI imaging provides a
comprehensive cardiorespiratory assessment

normalised V or 0
Van Wolferen SA, et al. Eur Heart Journal 2007; 28:1250-7; Van de Veerdonk MC, et al. JACC 2011; 58:2511-9; Saba T, et al. Eur Resp J 2001; 18:247; Swift AJ, et al.
Investigative Radiology 2012; 47:571-7;Gan CT, et al. Chest 2007; 132:1906-12; McCann GP, et al. Circulation 2005;112:e268; Blyth KG, et al. Eur Heart J 2005;

26:1993-9; Sanz J, et al. American Journal of Cardiology 2007; 100:731-5; Swift et al. JACC Cardiovascimaging 2017:1209-17, Swift AJ, et al. Am J Crit Care Med 2017;
196:228-39; Marshall H, et al. Am J Respir Crit Care Med 2014;190:e18-9; Swift AJ, et al. J Cardiovasc Magn Reson 2012; 14:40.




Confirming diagnosis of PH: RHC is the gold standard test for
measurement of pulmonary artery pressure

y \

| O
25 mm-sec™!
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End of expiration
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End of expiration
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Pressure mmHgessure mmHg
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ight heart catheterization: Best practice and

K“ It is recommended that RHC be performed in experienced centres with a complete set o
haemodynamic measurements

K& Vasoreactivity testing is recommended in patients with I/H/DPAH to detect patients
treated with high does of CCBs'*

*Recommended that this be performed in PH specialist centers. + if it aids management decisions
1. Humbert M, et al. Eur Heart J 2022; 00:1-114; Rosenkranz S and Preston IR, Eur Respir Rev 2015; 24:642-52



2022 ESC/ERS Guidelines for Pulmonary Hypertension:
Mandatory Right Heart Catheterization

Recommendations
Right heart catheteriza
RHC is recommended tc
and to support treatme
In patients with suspect
experienced centres

It is recommended that
is performed following ¢

Table 11
right heart catheterization

Measured variables

Right atrial pressure, mean (RAP)

Pulmonary artery pressure, systolic (sPAP)
Pulmonary artery pressure, diastolic (dPAP)
Pulmonary artery pressure, mean (mPAP)
Pulmonary arterial wedge pressure, mean (PAWP)
Cardiac output (CO)

Mixed venous oxygen saturation (SvO,)*

Arterial oxygen saturation (5a0,)

Systemic blood pressure
Calculated parameters

Pulmonary vascular resistance (PVR)"
Pulmonary vascular resistance index (PVRI)
Total pulmonary resistance (TPR)®

Cardiac index (Cl)

Stroke volume (SV)

Stroke volume index (SVI)

Pulmonary arterial compliance (PAC)?

UVvI. dLV.LUVUIICULITICQAU lebl vl aulivu —-ui up\,ul 1

Haemodynamic measures obtained during

Normal value

2-6 mmHg
15-30 mmHg
4-12 mmHg
8-20 mmHg
<15 mmHg
4-8 L/min
65-80%
95-100%
120/80 mmHg

0.3-2.0 WU
3-3.5 WU'm*
<3 WU

2.5-4.0 Umin'm?
60—100 mL
3347 mUm?
=2.3 mL/mmHg

1 \bQHII (S48 9] ) y Juul

© ESC/ERS 2022

Class Level

or CTEPH), I B
rm RHC in I C
ymics, and I C

hypertension (European Heart Journal; 2022 —
nal; 2022 — doi: 10.1183/13993003.00879-2022)



Conclusion

PULMONARY HYPERTENSION

Despite advances in treatment significant delays

breathlessness and screening high risk groups

& " opiaion 7 to diagnosis exist i

syt | | """""" /1 o
ey i deme| @fl» 1= Making the diagnosis of PH depends on i
’ N systematically evaluating patients with |

The likelihood, form and severity of PH can
usually be established by combining ;

* Idiopathic/heritable ¢ Non-severe PH .
¢ Associated . ¢ Severe PH ¢ Other pulmonar; H H H H H H H H
conditions obstructions |nvest|gat|0ns Wlth Cllnlcal Cha ractenst'CS
PREVALENCE _ ___________________________________________________________________ I
Rare Very common Common @ Rae [=D'de)=lvR@ -—' e
a a2 22 a 223
ad222 a a

Algorithms provide a framework to improve
diagnostic approaches and aid phenotyping i

Medical therapy IpcPH: PH-lung disease:

:zt::uzs * Treatment of LHD* -zzzrn;fsg Iflanrge of ||e ST 3
g, . ||| smsert Specialist PH centres can rapidly assess patients,
st |LsrosmoEnn s make informed treatment decisions and provide

support for patients and families
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