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DEFINITIONS

The definitions for PH are based on haemodynamic assessment by right heart catheterization (RHC)

PH is defined by a mean pulmonary arterial pressure (mPAP)>20 mmHg at rest

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

= |diopathic/heritable « Non-severe PH o ZTEPH * Haematological

e Associated e Severe PH « Other pulmonary disorders
conditions ) _ _ obstructions _» Systemic disorders
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PH IN NUMBERS

Pulmonary hypertension is a major global health issue. All
age groups are affected.

Pulmonary vascular disease

Resource-rich areas Resource-limited areas
Congenital
. Rheumatic heart
PH prevalence of 1% of the global population. Pulmonary arterial hae ™ oo Ve Y
hypertension dissase  (2%) disease
(3%) (8%)
Due to the presence of cardiac and pulmonary causes of g 5
PH, prevalence is higher in individuals aged >65 years. Chronic obstructive
ohstructive pulmonary
I Left heart High di
it disease v de e
disease (55%) ; {29%)
(42%) (24%)

Globally, LHD is the leading cause of PH. Lung disease,

especially COPD, is the second most common cause. _
Haematological _ o
disorders Schistosomiasis

(7%) 3%

Irrespective of the underlying condition, developing PH is
associated with worsening symptoms and increased

mortality

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
Rich, S., Haworth, S. G., Hassoun, P. M., & Yacoub, M. H. (2018). Pulmonary hypertension: the unaddressed global health burden. The Lancet Respiratory Medicine, 6(8), 577-579.
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EPIDEMIOLOGY

[ PH associated with

pulmonary
artery obstructions

PH associated with
lung disease

PH associated with
left heart disease

Pulmonary arterial
hypertension (PAH)

¢ |diopathic/heritable ¢ IpcPH + Non-severe PH o CTEPH
* Associated * CpcPH + Severe PH + Other pulmonary
conditions _ __ obstructions
Rare Very common Common Rare

3 22:48 2::48 :
TH 3.8

Incidence: 6 * 50% of pts with HEFpEF * 1-5% of patients with * CTEPH incidence of 2—-6
cases/million/year * 60—70% of pts with severe advanced COPD+CRF cases/million adults/year
Young females mitral valve disease * IPF: 8-15% at initial

Now diagnosed in pts 265, * 50% of pts with sympt. work-up, 30-50% in

with CV comorbidities AoVS advanced, 60% in end-

stage disease

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
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STEP 1 - SUSPICION




SYMPTOMS

Patients with PH are likely to be seen by first-
line physicians (general practitioners)

Non-specific symptomes.

Symptoms of RV dysfunction associated with
exercise in the earlier course of the disease.

The cardinal symptom is dyspnoea on
progressively minor exertion.

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237

* Dyspnoea on exertion (WHO-FC)

» Fatigue and rapid exhaustion

* Dyspnoea when bending forward (bendopnoea)

» Palpitations

» Haemoptysis

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

 Syncope (during or shortly after physical exertion)

Rare symptoms due to pulmonary artery dilation®

» Exertional chest pain:
dynamic compression of the left main coronary artery
* Hoarseness (dysphonia):
compression of the left laryngeal recurrent nerve
(cardiovocal or Ortner’s syndrome)
s Shortness of breath, wheezing, cough, lower respiratory
tract infection, atelectasis:
compression of the bronchi

@ESC @ ERS
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CLINICAL EXAMINATION

4 ™

Signs of PH ~ Signs of RV backward failure
» Central, peripheral, or mixed cyanosis * Distended and pulsating jugular veins
* Accentuated pulmonary component of the * Abdominal distension
1 1 1 1 1li second heart sound » Hepatomegaly
O Comprehensive medical (including familial) LFond neat s Gt
H : H . * Systolic murmur of tricuspid regurgitation .« Peripheral oedema
history and thorough physical examination ol i b e

O Importantly, the physical examination may

also be the key to identifying the underlying | g |
underlying cause of PH 2
Cause Of P H » Digital clubbing: Cyanotic CHD, fibrotic lung » Peripheral cyanosis (blue lips and tips)
disease, bronchiectasis, PYOD, or liver disease ¢ Dizziness
« Differential clubbing/cyanosis: * Pallor
PDA/Eisenmenger’s syndrome B T » Cool extremities
» Auscultatory findings (crackles or wheezing, N B e * Prolonged capillary refill

murmurs): lung or heart disease
* Sequelae of DVT, venous insufficiency: CTEPH
« Telangiectasia HHT or SSc
* Sclerodactyly, Raynaud's phenomenon, digital

ulceration, GORD: SS5c :

~ @ESC @ ERS
2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
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ECG

Table 8 Electrocardiogram abnormalities in patients

prognostic information, and detect
arrhythmias/signs of LHD. Typical ECG abnormalities in PH®®

* P pulmonale (P >0.25 mV in lead Il)
* Right or sagittal axis deviation (QRS axis =90° or indeterminable)
RV hypertrophy (R/S =1, with R =05 mVin V1;Rin V1+S in lead V5

In adults with clinical suspicion of PH, RAD
has a high predictive value for PH.

.

= 1mVY)
Normal ECG does not exclude the presence + Right bundle branch block—complete or incomplete (gR or rSR
of PH patterns in V1) %
+ RV strain pattern® (ST depression/T-wave inversion in the right e
Normal ECG + normal biomarkers (BNP/NT' pre-cordial V1—4 and inferior Il lll, aVF leads) §“
proBNP) = low likelihood of PH * Prolonged QTc interval (unspecific)” L:j

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
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PH DETECTIO
DIAGNOSIS N




STEP 2 - DETECTION

+
[—- Suspected cause -ﬁ
Lung disease PH or cardiac disease
v v
Lung assessment® Heart assessment®
o PFT Rapid . Echoc.ardnography
* ABG (see Figures 4-5,
+— cross-referral —
® Chest X-ray ded Table 10)
* Chest CT — * CPET
e CPET
Causes other than »
Y — PH identified +—— Low —— PH probability
] !
L Intermediate/High
Y ,

The second step includes classical, non-invasive lung and cardiac testing.

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237


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

CHEST RADIOGRAPHY

Table 9 Radiographic signs of pulmonary hyperten-

sion and concomitant abnormalities

Signs of PH and
concomitant

abnormalities

Right heart

enlargement

PA enlargement

(including aneurysmal
dilatation)

Pruning of the

peripheral vessels

‘Water-bottle’ shape

of cardiac silhouette®

Signs of left heart
disease/
pulmonary
congestion

Central air space

opacification

Interlobular septal
thickening ‘Kerley B’
lines

Pleural effusions

Left atrial
enlargement
(including splayed
carina)

Left ventricular

dilation

Signs of lung
disease

Flattening of
diaphragm (COPD/
emphysema)
Hyperlucency
(COPDY/
emphysema)
Lung volume loss
(fibrotic lung
disease)

Reticular
opacification
(fibrotic lung

disease)

© ESC/ERS 2022
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PFTs + ABGs

PFTs: REDUCED DLCO

IPAH: normal Va, restrictive pattern (20-50%) or normal, airway obstruction
(20-40%) +/- small airways disease (ET-1 - bronchoconstriction)

Group 2: restrictive pattern (reduced TLC/FVC)

Group 3:
- COPD: obstruction + elevated RV
- ILDs: reduced FVC + reduced TLC

Arterial Blood Gas (ABG)

ARG Marmal range

oot B2 per - CPFE: elevated or normal FVC/RV/TLC + disproportionate reduced DLCO
pH 7.35-7.45

PaC, 3545 mmHg . .

ST T Group 4: 20-30% restrictive pattern

HCO, 22-26 mEqgfL

0, 5at 495-100%

ABGs
- normal/reduced Pa02
- reduced PaCO2

m
Rl

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
Low, A. T, et al. "Lung function in pulmonary hypertension." Respiratory medicine 109.10 (2015): 1244-1249.
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O RV pressure overload and dysfunction,
detected by TTE but insufficient to
confirm a diagnosis of PH

O Valuable tool for detecting the cause
of suspected or confirmed PH

O There is no single echocardiographic
parameter that reliably informs about
PH status and underlying aetiology

Enlarged right ventricle;
parasternal long-axis view

RVOT AT <105 ms '\l‘

notch’

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

pre-capillary PH

End-systolic

Enlarged right atrial area

(=18 cm?);

\four{hamber view

J

Dilated RV with basal RV/LV

ratio > 1.0;
&our—chamber view /

[AY

Diastole

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

id K N

' Peak TRV

>2.8 m/s

Increased systolic peak tricuspig

regurgitation velocity (peak TRW):
measured with continuous
\Qve Doppler

Flattened interventricular septum

0]

~

Distended inferior vena cava

(arrows) leading to ‘D-shaped’ LV;

decreased LV eccentricity index;
rasternal short-axis view
e e\

2 N

TAPSE
<|8 mm

Decreased tricuspid annular

with diminished inspiratory
vollapsibility; subcostal vievy

5" <9.5 cm/s

Decreased peak systolic (57)
velocity of tricuspid annulus

plane systolic excursion (TAPSE)
sured with M-Mode (<18 mm)

Estimated RAR

wC
RA

B
<Y

<21 em >50% 3 (0]
2.1l cm >50% 8 (51
Peak TRY =2.1l cm <50% 15 (104

>2.8 m/s

Estimation of systolic pulmonary

sPAP =TR pressure gradient +

(<9.5 cm/s) measured with
tissue Doppler

Presence of pericardial effusion;
four-chamber view;

artery pressure (sPAP);
Qu’mated RAP /

parasternal short-axis view;
\Kther views (e.g. subcostal v@/

@ESC @ ERS
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TTE

TRV(peak) = the key variable for assigning the echocardiographic probability of PH.
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3 CONFIRMATION

DIAGNOSIS




STEP 3 - CONFIRMATION

RHC

O Gold standard for diagnosing and classifying PH

O Expertise and meticulous methodology
following standardized protocols is required

Right Right Pulmonary Pulmonary
Atrium Ventricle Artery Artery Wedge
Types of Pulmonary Hypertension

Cad
o
|

Thromboembolic | Alveolus | ‘Lung diseasejhypOXia‘
disease ' 4

(18]
=]
|

—
L]
1

Precapillary

(arterial) /

Postcapillary
{venous)

Pressure (mmHg)

[IPAH and APAH | | Left-sided heart disease

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
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HEMODYNAMIC DEFINITION

Pulmonary
Hypertension
mPAP>20
PAWP  —
PAWLSlS |
PVR>2 PAWP>15
Precapillary PH Post-capillary PH (2)
(1,3,4)
PVR —
I I
PVR>2 PVR>2
Isolated post- Combined post-
capillary PH capillary PH

Table 6 Clinical classification of pulmonary
hypertension

GROUP 1 Pulmonary arterial hypertension (PAH)

1.1 ldiopathic
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
GROUP 2 PH associated with left heart disease
2.1 Heart failure:
2.2 Valvular heart disease
GROUP 3 PH assodiated with lung diseases and/or hypoxia
3.1 Obstructive lung disease or emphysema

3.2 Restrictive lung disease
3.4 Hypoventilation syndromes

3.5 Hypoxia without lung disease (e.g. high altitude)
GROWUP 4 PH assodated with pulmonary artery obstructions

4.1 Chronic thrombo-embolic PH
4.2 Other pulmonary artery obstructions®
GROUP 5 PH with undear and/or multifactorial mechanisms
5.1 Haematological disorders®
5.2 Systemic disorders®
5.3 Metabolic disorders'

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
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SCREENING

Despite the advent of PAH therapies that prevent clinical worsening and effective interventions for CTEPH, the time
from symptom onset to PH diagnosis remains at >2 years with most patients presenting with advanced disease

/’
« L 0,
ASYMPTOMATIC SSc (prevalenc-e. 5 19/))
BMPR2 mutation carriers (14—42%)
HIGHRISK < _ | 14-42%
GROUPS first-degree relatives of patients with HPAH
patients undergoing assessment for liver transplantation

N

portal hypertension

HIV infection (0.5%)

non-SSc CTD

early detection approaches in PE follow-up clinics
PH-inducing drug exposure?

SYMPTOMATIC AT <
RISK GROUPS

N

Biomarkers

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
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TAKE HOME MESSAGES

Diagnostic algorithm of patients with unexplained exertional dyspnoea and/or suspected PH

l l

General practitioner Fast-track referral at
¢ Medical history any time in case of
¢ Physical exam warning signs?,

* ECG or when PAH
* BNP/NT-proBNP or CTEPH®
® O, saturation are suspected

[—~ Suspected cause >—]

Lung disease PH or cardiac disease
‘ +
Lung assessment® Heart assessment®
e PFT . e Echocardiography
Rapid :

¢ Chemxry sl s TR
* Chest CT as needed * CPET
* CPET

1 I

Causes other than

——. Y — PH identified = Low PH probability
1 f
N Intermediate/High
Refer to PH centre
(Class 1)
* Comprehensive PH
work-up (Table 14
and ReCo Table 2)
hd « Invasive assessment
Manage Further Risk factors for PAH? as needed
accordingly diagnostic work-up or CTEPH® (ReCo Table 2)

@ESC @ ERS

1. New onset exertional dyspnea - SUSPECT
of PH

2. Assess probable lung or cardiac disease and
DETECT the probable cause

3. If PH probability is high, CONFIRM by RHC
or REFER the patient to a PH center.

2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, European Heart Journal, Volume 43, Issue 38, 7 October 2022, Pages 3618—3731, https://doi.org/10.1093/eurheartj/ehac237
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PULMONARY
HYPERTENSION

AWARENESS MONTH

NOVEMBER

EVXAPIZTQ TA
THN NPO20OXH 2A2!
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