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PULMONARY HYPERTENSION
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CLINICAL CLASSIFICATION

Pulmonary arterial
hypertension (PAH)

PH associated with PH associated with
left heart disease lung disease

Minor
adjustments in
the clinical
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Medical therapy IpcPH: PH-lung disease:
« PAH drugs ¢ Treatment of LHD* e« Optimized care of
«CCB in underlying lung
responders CpcPH: disease
Central illustratic Lz « Treatment of LHD* = Severe PH:
transplantation » Potentially: PAH « Potentially: PAH
drugs (trials) drugs (trials)
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pulmonary
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Surgical therapy:
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Interventional:
= BPA

Medical therapy:
* PH drugs

Right heart
failure

PH with unclear
and/or multifactorial
mechanisms
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treatment of
underlying disease
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drugs (trials)
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@ESC
Methods @ ERS

4 PICO questions were assessed with full systematic reviews and

application of the GRADE approach and the Evidence to Decision
framework

» Recommendation strength (strong/conditional)
»  Quality of evidence (high/moderate/low/very low)

8 additional, more global, key questions were assessed similarly but

Level of Data derived from a single randomized clinical trial
evidence B or large non-randomized studies.

Class | Evidence and/or general agreement
that a given treatment or procedure is
beneficial, useful, effective.

Class Il Conflicting evidence and/or a divergence of opinion about the usefulness/
efficacy of the given treatment or procedure.

Class lla Weight of evidence/opinion is in
favour of usefulness/efficacy.

Should be considered

Classes of recommendations

Class Ilb Usefulness/efficacy is less well
established by evidence/opinion.

Class Il Evidence or general agreement that the Level of Consensus of opinion of the experts and/or small studies,
given treatment or procedure is not evidence C retrospective studies, registries.
useful/effective, and in some cases
may be harmful.

. . . 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension
www.escardio.org/guidelines (European Heart Journal; 2022 - doi: 10.1093/eurheartj/ehac237 and European Respiratory Journal; 2022 - doi:
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Haemodynamic definitions of pulmonary hypertensior@ ERS

Definition Haemodynamic characteristics
PH MmPAP >20 mmHg

MPAP >20 mmHg
Pre-capillary PH PAWP =15 mmHg

PVR >2 WU

MPAP >20 mmHg
PAWP >15 mmHg

PVR =2 WU
MPAP >20 mmHg

PAWP >15 mmHg

PVR >2 WU
mPAP/CO slope between rest and exercise
>3 mmHg/L/min

Isolated post-capillary
PH

Combined post- and
pre-capillary PH

Exercise PH
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Haemodynamic definitions of pulmonary hypertensiorg:;;g
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Haemodynamic definitions of pulmonary hypertensiorg:;;g
PVR
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Clinical classification of pulmonary hypertension (1) @ ERS

1.1 Idiopathic
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
1.6 Persistent PH of the newborn
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Clinical classification of pulmonary hypertension (2) @ ERS

2.1 Heart railure:
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

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
p-disordered breathing is removed from the classification
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Clinical classification of pulmonary hypertension (3) @ ERS

4.1 Chronic thrombo-embolic PH
4.2 Other pulmonary artery obstructions

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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Symptoms and signs of Pulmonary Hypertension

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)
Shortness of breath, wheezing, cough, lower respiratory
tract infection, atelectasis:
compression of the bronchi

www.escardio.org/guidelines
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Signs of PH

 Central, peripheral, or mixed cyanosis

* Accentuated pulmonary component of the
second heart sound

RV third heart sound

* Systolic murmur of tricuspid regurgitation

« Diastolic murmur of pulmonary regurgitation

Signs pointing towards
underlying cause of PH

« Digital clubbing: Cyanotic CHD, fibrotic lung
disease, bronchiectasis, PVOD, or liver disease

« Differential clubbing/cyanosis:
PDA/Eisenmenger’s syndrome

* Auscultatory findings (crackles or wheezing,
murmurs): lung or heart disease

* Sequelae of DVT, venous insufficiency: CTEPH

« Telangiectasia: HHT or SSc

* Sclerodactyly, Raynaud’s phenomenon, digital

\ ulceration, GORD: SSc 4

Signs of RV backward failure

 Distended and pulsating jugular veins
* Abdominal distension
* Hepatomegaly

* Ascites
) « Peripheral oedema

Signs of RV forward failure

« Peripheral cyanosis (blue lips and tips)
« Dizziness

« Pallor

* Cool extremities

* Prolonged capillary refill
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i i i i ESC
New diagnostic algorithm: unexplained dyspnoea ©

- . ERS
and/or suspicion of PH ®
1 = SUSPICION: general practitioner + seeking for a common (respiratory or cai

track referral in “warning” clinical scenario

4 )

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

l |

General practitioner (Fast-track referral at
e Medical history any time in case of

e Physical exam warning signs?,

e ECG or when PAH

® BNP/NT-proBNP or CTEPH®

¢ O, saturation \_ are suspected Y,

(—~ ~ Suspected cause ’—1

Lung disease PH or cardiac disease
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Diagnostic algorithm of patients with unexplained @ ERS

dyspnoea and/or suspected pulmonary hypertension

p 2 = DETECTION: heart (with echocardiography) and lung assessment
ss-talk pneumo/cardio

[—~ Suspected cause '—]
Lung disease PH or cardiac disease
v v
Lung assessment® Heart assessment®
e PFT Rapid e Echocardiography
* ABG o ., (seefFigures 4-5,
e Chest X-ray Table 10)
e Chest CT® Lucecic e CPET
SSCRET
] ]
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@ESC

Diagnostic algorithm of patients with unexplained © ERS
dyspnoea and/or suspected pulmonary hypertension

 Step 3 = CONFIRMATION: Further work-up based !
on PH probab"ity Fast-track referral at

any time in case of

* Referral to PH centre for invasive assessment warning signs?,
nharn ) or when PAH
and comprenensive Pl H work-up v gty

4—‘ Low — PH probability are suspected

1 / ! ‘
@ Intermediate/High

e Invasive assessment

v v 2
ManaTge ‘ 4 ' Further N Risk factors for PAH ¢ as needed ug"
accordingly - diagnostic work-up OISR M= (ReCo Table 2) 5
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Transthoracic echocardiographic parameters in the

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

Enlarged right ventricle;
parasternal long-axis view

RVOT AT <105 ms “
“notch’

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

0 End-systolic 0

")

RA >18 cm?

Diastole Systole

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

' Peak TRV

>2.8m/s

: g Increased systolic peak tricuspid
Enlarged right atrial area 4 P P
measured with continuous

four-chamber view
wave Doppler

o

(18 cmd); regurgitation velocity (peak TRV);

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

G M-Mode

o

TAPSE
<18 mm

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

Estimated RAP

>28m/s

Estimation of systolic pulmonary
artery pressure (sPAP);

sPAP =TR pressure gradient +
estimated RAP

IVC Collapse* eRAP @ .

<2.lcm >50% 3 (0-5)
>2.1 cm >50% 8 (5-10)

';eakTRV 2.0 m <50% 15 (10-20)

Distended inferior vena cava
with diminished inspiratory
collapsibility; subcostal view

Decreased peak systolic ( z
velocity of tricuspid !IMT E
(<9.5 cm/s) measurell wi

tissue Doppler

Presence of pericardial effusion;
four-chamber view;

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

www.escardio.org/guidelines
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Echocardiographic probability of PH and

@ESC
@ ERS

recommendations for further assessment

.

Peak tricuspid regurgitation velocity (m/s)

1
v v
<2.8 2.9-34 >34
Presence of other echo PH signs ® (see Table 10)
F n F n Yes/No
® | @ | 1
PH PROBABILITY PH PROBABILITY PH PROBABILITY
LOW INTERMEDIATE HIGH
Risk factors or associated conditions for PAH or CTEPH
F Y F Y Yes/No
? | @ | 1
Alternative diagnosis Echo follow-up ’ Ft;{r;hgr(;g::gr;:’:gg) 2
(Class lla) (Class lla) (Class I)
@ESC @ ERS—
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Same threshold for

TRV

Il C /s,29-34, >
3.4 m/s)
Presence of other
PH signs

I B ’APs for coupling)

Presence of risk

factors
(echo follow-up)
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Additional echocardiographic signs suggestive of

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

(<50% with a sniff or
<20% with quiet

inspiration)

Flattening of the Early diastolic RA area (end-systole)
interventricular septum pulmonary >18 cm?
(LVEI >1.1 in systole regurgitation velocity
and/or diastole) >2.2 m/s
TAPSE/sPAP ratio PA diameter > AR 2
<0.55 mm/mmHg diameter 2

©)

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)
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- . - ESC
Recommendations for screening and improved @

. . ERS
detection of PAH in CTD ®
(ushemiassigLosis) e
/ Systemic sclerosis N\
In patients with SSc, an annual evaluation of the risk of having
, I B
PAH is recommended
In adult patients with SSc with >3 years’ disease duration, an
FVC =40%, and a DLCO <60%, the DETECT algorithm is I B
recommended to identify asymptomatic patients with PAH

\ In patients with SSc, where breathlessness remains unexplained /

exclude PAH

©ESC/ERS
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Recommendations for right heart catheterization and @ ERS

vasoreactivity testing

Table 11 Haemodynamic measures obtained during

Recommendations right heart catheterization CIa Lev
Measured variables Normal value SS el
Right heart cathete
RHC |S recom mended Right atrial pressure, mean {RAP)' 2—6 mmHg |a I Iy
Pulmonary artery pressure, systolic (sPAP) 15-30 mmHg I B
PAH or CTE PH ) ’ a nd to Pulmonary artery pressure, diastolic (dPAP) 4-12 mmHg
I n patlentS Wlth SUSpe Pulmonary artery pressure, mean (mPAP) 8-20 mmHg tO I c
perfo rm RH C | N expen Pulmonary arterial wedge pressure, mean (PAWP) <15 mmHg
It |S recommended thE Cardiac output (CO) 4-8 L/min
.Gf_h.a.e.rn.o.d.y.n.a.mrc.s_a.r Mixed venous oxygen saturation (SvO,)* 65-80% } = P —
! Arterial oxygen saturation (Sa0,) 95-100% B ' =
prOtOCO I S Systemic blood pressure 120/80 mmHg
Calculated parameters
Pulmonary vascular resistance {P\/R}b 0.3-2.0 WU
Pulmonary vascular resistance index (PVRI) 3-35 WUm?* 9
Total pulmonary resistance (TPR)® <3WU E)\J
Cardiac index (Cl) 2.5-4.0 Umin'm? % ‘ug
Stroke volume (SV) 60—100 mL @
Stroke volume index (SVI 33-47 mU/m? S ;
www.escardio.org/guidelines Pulmonary arterial cofnpli];mce (PAC)H =>2.3 mU/mmHg % i;;‘zz;m;:;p?:agg'rf;%‘:rrg’a;‘;yggzrtze[‘So'lg?:

10.1183/13993003.00879-2022)



Vasoreactivity testing @ESC
@ ERS

J/H/D-PAH  others

rrformed at PH centres

i c

NO, inh iloprost, i.v.
"I C stenol

©ESC/ERS
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Majority of patients with PAH present with @Esc

cardiovascular comorbidities
COMPERA (enrolment June 2007 - Nov 2019) cluster analysis
679 (819%) of all patients had = 1 comorbidity,
and distinct phenotypical clusters were identified
[ Cluster 1 (n = 106): i
,} * No comorbidities ]
_______________________________ - /. * Median age 45 years ;
,/ \‘ L ’
i Cluster 3 (n = 434):
i +  94% with > 1 CV comorbidity
: *  25% with 3-4 comorbidities
e Median age 72 years, 72% male
I » 79% with a smoking history and
! half with a DLCO <45% of the ST T T T T T T T T T T T TTTTTTTTTTT ™,
] predicted value oS Cluster 2 (n = 301): :
% * 91% with = 1 CV comorbidity 1
Dy = ) *  28% with 3-4 comorbidities i
| * Median age 75 years, 98% female :
i * 94% had 21 of the prespecified risk factors !
9 for left heart disease }
o

www.escardio.org/guidelines Hoeper MM, et al. | Heart Lung Transplant 2020; 39:1435-44.



Pulmonary
hypertension
associated with

left heart
disease

(group 2)

www.escardio.org/guidelines

Heart failure/cardiomyopathy Valvular heart disease

§€ &€&

HFrEF HFmrEF HFpEF Aortic valve Mitral valve

EF <40% EF 41-49% EF >50% Stenosis/Regurgitation

Variable degree of pulmonary congestion, vasoconstriction, vascular remodelling

LA pressure & Congestion Remodelling Right heart strain

LA pressure (mmHg)

&)
20 40 60 80 100 120 %6, &

LA volume (ml) S
LA dysfunction Vasoconstriction Venous  Arteriolar RV dysfunction
Pulmonary congestion
RV-PA
uncoupling
Pulmonarv vascular disease

No PH IpcPH CpcPH

Left ventricular phenotype s——— Right ventricular phenotype

@ESC® ERS—

@ESC
@ ERS
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Haemodynamic definitions of pulmonary hypertensior@ ERS

Definition Haemodynamic characteristics
PH MPAP >20 mmHg

MPAP >20 mmHg
Pre-capillary PH PAWP =15 mmHg

PVR >2 WU

MPAP =20 mMmMHAQg
PAWP >15 mmHg

PVR =2 WU
MPAP >20 mmHg

PAWP >15 mmHg
PVR >2 WU
MPAP/CO siope between rest and exercise >3
mmHg/L/min

Isolated post-
capillary PH

Combined post- and
pre-capillary PH

Exercise PH

©ESC/ERS

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)

www.escardio.org/guidelines



Patient phenotyping and likelihood for left heart
disease as cause of pulmonary hypertension (1)

Feature PH-LHD
unlikely
Age <60 years
Obesity, hypertension,
dyslipidaemia, glucose No factors
intolerance/diabetes
Presence of known LHD No
Previous cardiac N
. : o)
Intervention
Atrial fibrillation No
Structural LHD No
Normal or
ECG signs of RV

strain

Intermediate
probability

60-70 years

1-2 factors

Yes

No

Paroxysmal

No

Mild LVH

@ESC
@ ERS

PH-LHD
likely

>70 years
>2 factors

Yes
Yes

Permanent/
persistent

Present

©ESC/ERS

LBBB or LVH
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Patient phenotyping and likelihood for left heart

disease as cause of pulmonary hypertension (2)
PH-LHD Intermediate PH-LHD
FRELIRE unlikely probability likely
LA dilation
. (LAVI >
— No LA dilation
Echocardiography Noé_é'd!algon Grade <2 34 rlr\mll_l_/|m2)
mitral flow
Grade >2
mitral flow
High VE/VCO, Elevated Mildly elevated
CPET slope VE/VCO, slope VE/VCO, slope
No EOV EOV EQV
LVH
cMRI No left-heart LA dilation
abnormalities (strain or
LA/RA >1)

@ESC
@ ERS

©ESC/ERS
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Pulmonary
hypertension coPD
associated with
lung disease

( group 3 ) Remodelling of airways, lung parenchyma, and vessels

Vascular pruning

@ESC
ILD @ ERS

CPFE

Emphysema ___ Fibrosis

P S

No PH Non-severe PH (is‘ée:g\:/ﬂ) PVR >5 WU

Prevalence ~70% ~20% ~5-10%

Mostly ventilatory Mostly circulatory

exercise limitation exercise limitation

©ESC/ERS

Hypoxaemia at rest and/or during exercise
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Chronic thrombo-

A Elilicl D E @ESC
i Proximal PA fibroti Distal PA fibrotic . i
e m bOI Ic rO)gE;iructic;ngouc Iztt;:structlior;\ostlc Pigicyasglopatty @ E RS
pulmonary

hypertension
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CTEPH diagnostic algorithm for symptomatic patients @ E S C
Diagnostic
g CTEPH suspected from history @ E RS

T of PE® or risk factors for CTEPH

strategy In : J
CTEPH 1 :

Perfusion imaging
(V/Q scan or new modality®)
Any mismatched
perfusion defects

AND
Recommendations CI:S L;V
Imaging
Ventilation/perfusion or perfusion lung scan is recommended in I C

patients with unexplained PH to assess for CTEPH
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Diagnostic
strategy in
chronic
thrombo-
embolic
pulmonary
hypertension
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Perfusion imaging
(V/Q scan or new modality?)
Any mismatched
perfusion defects

Echocardiography
Intermediate or
high probability of PH

CTPA + DSA
(when CTPAis inconclusivel el )

1
1
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@ ERS
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ESC/ERS Guidelines - take home messages ® ERS

* PH is defined by a mPAP >20 mmHg, measured during
right heart catheterization (mandatory for the
diagnosis of PH)

- A PVR >2 WU identifies the presence of a precapillary component
* The term “associated with” applies togroup 1-4

* Precise diagnostic work-up and DD is crucial because
therapeutic strategies are fundamentally different

 Echocardiography plays a key role in the detection of PH (and its
underlying cause) -The threshold for TRV to estimate sysPAP is
maintained at >2.8 m/s

* Invasive assessment of haemodynamics by RHC must be precise
and complete

waw'escalhiORALAIGBAH IS sub-stratified srecording to-theresponse-to-gcute
vasoreactivity testing 10.1183/13993003.00879-2022)
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