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2015 ESC/ERS Guidelines for the diagnosis and
treatment of pulmonary hypertension — web .
addenda CARDIOLOGY*

e Group 1, pulmonary arterial hypertension (PAH): pathological ESC/ERS GUIDELINES
changes predominantly affect the distal pulmonary arteries European Heart Journal 2016;37:67-119
(<500 pm) with medial hypertrophy, intimal proliferative and
fibrotic changes, adventitial thickening with mild to moderate
perivascular inflammatory infiltrates and lymphoid neogenesis,
complex lesions (plexiform, dilated lesions) and thrombotic

lesions.
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3. Definitions and classifications

EURCPEAN
SOCIETY OF

The term PAH describes a group of PH patients characterized
CARDIOLOGY ®

haemodynamically by the presence of pre-capillary PH, defined by
a pulmonary artery wedge pressure (PAWP) <15 mmHg and a
PVR =3 Wood units (WU) in the absence of other causes of pre-
capillary PH such as PH due to lung diseases, CTEPH or other rare

diseases.’ European Heart Journal 2016,37:67—119
Characteristics® Clinical group(s)®

PH PAPm >25 mmHg Al

Pre-capillary PH PAPm =25 mmHg |. Pulmonary arterial hypertension
PAWP <15 mmHg 3. PH due to lung diseases

4, Chronic thromboembolic PH
5. PH with unclear and/or multifactorial mechanisms
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Endothelial Dysfunction Loss of Response to Short-Acting
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Echocardiographic probability of PH (Table 8)

High or intermediate Low

Consider left heart disease and lung diseases Consider other causes
by symptoms, signs, risk factors, ECG, and/or follow-up (Table 9) EUROFEAN
PFT+DLCO, chest radiograph and HRCT, SOQCIETY OF

arterial blood gases (Table 9) CARCAOLOGY #

Yes
Signs of severe PH/IRV
dysfunction

VI/Q scan® Refer to PH
Mismatched perfusion defects? expert centre

Yes Diagnosis of left heart diseases or
+ lung diseases confirmed?

No signs of severe
PHIRYV dysfunction

Treat underlying
disease
v

LE Refer to PH b
expert centre +

RHC (Table 10)
mPAP 225 mmHg, PAWP
<15 mmHg, PVR >3 Wood units

PAH likely Consider other
Specific diagnostic tests causes
CcTD - =
—
Porto-

Drugs - Toxin < > pulmonary

CTEPH possible:

CT pulmonary angiography,
RHC +/- Pulmonary Angiography

HIv

A
Y

Schistosomiasis

Heritable Idiopathic Idiopathic
PYOD/PCH PVYOD/PCH PAH

Heritable
PAH

European Heart Journal 2016,37:67—119
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Table 4 Comprehensive clinical classification of
pulmonary hypertension (updated from Simonneau et al.®)

|. Pulmonary arterial hypertension

I.1 Idiopathic
I.2 Heritable
1.2.] BMPR2 mutation
1.2.2 Other mutations
1.3 Drugs and toxins induced
|.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immunodeficiency virus (HIV) infection
1.4.3 Portal hypertension
|.4.4 Congenital heart disease (Table 6)
1.4.5 Schistosomiasis

I, Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis
I'.1 Idiopathic
I’.2 Heritable
I’.2.1 EIF2AK4 mutation
1".2.2 Other mutations
I’.3 Drugs, toxins and radiation induced
I’.4 Associated with:

I’.4.1 Connective tissue disease
1'.4.2 HIV infection

1", Persistent pulmonary hypertension of the newborn

2.1 Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease

2.4 Congenital / acquired left heart inflow/outflow tract
obstruction and congenital cardiomyopathies

2.5 Congenital /acquired pulmonary veins stenosis

ESC/ERS GUIDELINES

3. Pulmonary hypertension due to lung diseases and/or
hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases (Web Table II)

4. Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2.4 Congenital pulmonary arteries stenoses

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or
multifactorial mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

5.2 Systemic disorders, sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: pulmonary tumoral thrombothic microangiopathy,
fibrosing mediastinitis, chronic renal failure (with/without
dialysis), segmental pulmonary hypertension

European Heart Journal 2016,37:67—119

EURCOPEAN
SQCIETY OF
CARDIOLOGY ®
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3.2 Classifications SHLCR

The clinical classification of PH is intended to categorize multiple
clinical conditions into five groups according to their similar clinical
presentation, pathological findings, haemodynamic characteristics
and treatment strateg}f.f'

European Heart Journal 2016,37:67—119
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5 . PU lmo nary hype rtenSiOI‘l European Heart Journal 2016;37:67—119

diagnosis
5.1 Diagnosis

The diagnosis of PH requires a clinical suspicion based on symptoms

and physical examination

Peak tricuspid Presence of Echocardiographic
regurgitation other echo  probability of pulmonary
velocity (mls) ‘PH signs’ hypertension

<2.8 or not

No Low
measurable

<2.8 or not
measurable

29-34

Intermediate

Yes

Not required

A: The ventricles*

Right ventricle/
left ventricle basal
diameter ratio >1.0

EURDPEAN
SOCIETY OF
CARDIOLDGY ®

B: Pulmonary

artery®

Right ventricular
outflow Doppler
acceleration time
<105 msec and/or
midsystolic notching

C: Inferior vena
cava and right
atrium?

Inferior cava diameter
>21 mm with
decreased inspiratory
collapse (<50 % with
a sniff or <20 % with
quiet inspiration)

Flattening of the
interventricular
septum (left ventricular
eccentricity index

>|.I in systole and/or
diastole)

Early diastolic
pulmonary
regurgitation velocity
>2.2 m/sec

Right atrial area
(end-systole) > |8 cm?

PA diameter >25 mm.
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5. Pulmonary hypertension
diagnosis chrDiOLGT>

5.1 Diagnosis

The diagnosis of PH requires

a comprehensive set of
investigations to confirm that haemodynamic criteria are met and

to describe the aetiology and the functional and haemodynamic
severity of the condition. The interpretation of these investigations

requires, at the very least, expertise in cardiology, imaging and
respiratory medicine and may best be discussed at a multidisciplin-

ary team meeting.
Eurbpean Heart Journal 2016;37:67—119




. It is recommended for referral centres to
and treatment of pulmonary hypertension |,rovide care by a multiprofessional team

(cardiology and respiratory medicine

@ 2015 ESC/ERS Guidelines for the diagnosis [ -ommendation: Class® | Level”

12. Definition of a pulmonary physicians, clinical nurse specialist, !
hypertension referral centre radiologists, psychological and social work
support, appropriate on-call expertise)
e The importance of expert referral centres in the management of It is recommended for referral centres to
PH patients has been highlighted in both the diagnostic and treat- have direct links and quick referral patterns
to other services (such as CTD, family |

ment algorithms. planning, PEA, lung transplantation, adult

congenital heart disease)

It should be considered that a referral
centre follow at least 50 patients with PAH
or CTEPH and should receive at least two la

new referrals per month with documented
PAH or CTEPH

.

i e e e

It should be considered that a referral
centre perform at least 20 vasoreactivity

tests in IPAH, HPAH or DPAH patients per
year

Referral centres should participate in
collaborative clinical research in PAH, lla
including phase Il and phase Il clinical trials
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Table 4 Comprehensive clinical classification of
pulmonary hypertension (updated from Simonneau et al. 5)

I’. Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis

I’.1 ldiopathic
I’.2 Heritable
I".2.1 EIF2AK4 mutation
I'.2.2 Other mutations
I".3 Drugs, toxins and radiation induced
I’.4 Associated with:

|'4.1 Connective tissue disease
1'.4.2 HIV infection

European Heart Journal 2016,37:67—119
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and treatment of pulmonary hypertension

Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 8)

High or intermediate

Consider left heart disease and lung diseases /nsider other causes
by symptoms, signs, risk factors, ECG, Alor follow-up (Table 9)
PFT+DLCO, chest radiograph and HRCT,
arterial blood gases (Table 9)

Yes Diagnosis of left heart diseases or
lung diseases confirmed?

No signs of severe Signs of severe PH/RV
PH/RYV dysfunction dysfunction
Treat underlying ViQ scan® Refer to PH
disease Mismatched perfu: «ts? expert centre

v Refer to PH o
J’ expert centre 'L
CTEPH possible: RHC (Table 10)

CT pulmonary angiography, mPAP 225 mmHg, PAWP
RHC +/- Pulmonary Angiography AR <15 mmHg, PVR >3 Wood units

PAH likely

Consider other

m

Specific diagnostic tests

] i
. Porto-
Drugs - Toxin < > pulmonary
) g

Heritable Idiopathic Idiopathic Heritable
PVOD/PCH PYOD/PCH PAH PAH

ESC/ERS GUIDELINES

General Measures
(Table | &)

(Table | T)

High risk
mrtlw

‘Contider referral for
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Table 4 Comprehensive clinical classification of
pulmonary hypertension (updated from Simonneau et al.®)

|. Pulmonary arterial hypertension

I.1 Idiopathic
I.2 Heritable
1.2.] BMPR2 mutation
1.2.2 Other mutations
1.3 Drugs and toxins induced
|.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immunodeficiency virus (HIV) infection
1.4.3 Portal hypertension
|.4.4 Congenital heart disease (Table 6)
1.4.5 Schistosomiasis

I, Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis
I'.1 Idiopathic
I’.2 Heritable
I’.2.1 EIF2AK4 mutation
1".2.2 Other mutations
I’.3 Drugs, toxins and radiation induced
I’.4 Associated with:

I’.4.1 Connective tissue disease
1'.4.2 HIV infection

1", Persistent pulmonary hypertension of the newborn

2.1 Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease

2.4 Congenital / acquired left heart inflow/outflow tract
obstruction and congenital cardiomyopathies

2.5 Congenital /acquired pulmonary veins stenosis

ESC/ERS GUIDELINES

3. Pulmonary hypertension due to lung diseases and/or
hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases (Web Table II)

4. Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

4.2.1 Angiosarcoma

4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2.4 Congenital pulmonary arteries stenoses

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or
multifactorial mechanisms

5.1 Haematological disorders: chronic haemolytic anaemia,
myeloproliferative disorders, splenectomy

5.2 Systemic disorders, sarcoidosis, pulmonary histiocytosis,
lymphangioleiomyomatosis

5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

5.4 Others: pulmonary tumoral thrombothic microangiopathy,
fibrosing mediastinitis, chronic renal failure (with/without
dialysis), segmental pulmonary hypertension

European Heart Journal 2016,37:67—119

EURCOPEAN
SQCIETY OF
CARDIOLOGY ®
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EUROPEAN
LA
|. Pulmonary arterial hypertension
I I I dlﬂpathlt Pulmonary Arterial Hypertension: histopathological features
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|.2.1 BMPR2 mutation
|.2.2 Other mutations

.3 Drugs and toxins induced  <————
| .4 Associated with:

|.4.]1 Connective tissue disease

|.4.2 Human immunodeficiency virus (HIV) infection
|.4.3 Portal hypertension

|.4.4 Congenital heart disease (Table 6)

|.4.5 Schistosomiasis

-
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European Heart Journal 2016,37:67—119
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4. Epidemiology and genetics
of pulmonary hypertension

5.1.12 Genetic testing

Genetic counselling and BMPRZ mutation
screening (point mutations and large rearrangements) should be offered
by referral centres to patients with IPAH considered to be sporadic or
induced by anorexigens and to patients with a family history of PAH.

European Heart Journal 2016,37:67—119
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4.2 Genetics RO
e Group 1 (PAH): Heterozygous BMPRZ2 mutations account for
approximately 75% of familial PAH and up to 25% of apparently
sporadic PAH cases.”® BMPR2 encodes a type 2 receptor for

bone morphogenetic proteins involved in the control of vascular
cell proliferation.

When no BMPRZ mutations are identified in familial PAH patients or
in IPAH patients <40 years old, or when PAH occurs in patients
with a personal or familial history of hereditary haemorrhagic telangi-
ectasia, screening of the ACVRLT and ENG genes may be performed. If
no mutations in the BMPR2, ACVRLT and ENG genes are identified,
screening of rare mutations may be considered (KCNK3, CAVT, etc.).

European Heart Journal 2016,37:67—119
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|. Pulmonary arterial hypertension

|.1 ldiopathic
|.2 Heritable
|.2.1 BMPR2 mutation e——
|.2.2 Other mutations
|.3 Drugs and toxins induced
|.4 Associated with:
|.4.1 Connective tissue disease

1.4.2 Human immunodeficiency virus (HIV) infection
|.4.3 Portal hypertension

|.4.4 Congenital heart disease (Table 6)
|.4.5 Schistosomiasis

European Heart Journal 2016,37:67—119




Early detection and management of
pulmonary arterial hypertension

Marc Humbert*, J. Gerry Coghlan” and Dinesh Khanna'

Screening is defined as the systematic testing of asymptomatic
individuals for pre-clinical disease

Web Table X Recommendations for pulmonary arterial hypertension screening

Resting echocardiography is recommended as a screening test in asymptomatic patients with systemic sclerosis.

Resting echocardiography is recommended as a screening test in BMPR2 mutation carriers or first-degree relatives of patients
with HPAH and in patients with PoPH referred for liver transplantation.

A combined approach (including biomarkers, PFTs and echocardiography) should be considered to predict PH in systemic
sclerosis.

Systemic sclerosis patients with a mean PAP ranging from 21 to 24 mmHg should be closely monitored, because of a higher risk
of PAH.

Initial screening using the stepwise DETECT algorithm may be considered in adult systemic sclerosis patients with >3 years'
disease duration and a DLCO <60% predicted.

Annual screening with echocardiography, PFTs and biomarkers may be considered in patients with systemic sclerosis.

In individuals who test positive for PAH-causing mutations and first-degree relatives of HPAH cases may be considered to have an
annual screening echocardiogram.

Exercise echocardiography is not recommended to predict PH in high risk population.




BMPR2 mutations and survival in pulmonary arterial
hypertension: an individual participant data meta-analysis

100 No mutation
\\ — BMPR2 mutation
_. 804 o
£ N
(1] “—\._‘..
$ 60- N
= e
; . S
z . . T
£ 4 T
—
= 20
0 I | | I I I |
0 2 4 6 8 10 12 14
Number at risk
No mutation 511 552 439 322 191 13/ a1 56
BMPRZ mutation 212 214 183 111 01 L/ 14 24

Implications of all the available evidence

Patients with PAH with underlying BMPR2 mutations are
younger at diagnosis, have more severe disease, and have a
worse prognosis than patients without BMPR2 mutations.

Lancet Respir Med 2016,4:129-37
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Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 8)

High or intermediate Low

Consider other causes
c°:f§;ﬁ&:ﬁ:§ﬁﬂfg‘,’f§g&f‘“ and/or follow-up (Table 9) EUROFEAN
PFT+DLCO, chest radiograph and HRCT, SOCIETY OF

arterial blood gases (Table 9) CARCAOLOGY #

Yes
Signs of severe PHIRY
dysfunction

VIQ scan® Refer to PH
Mismatched perfusion defects? expert centre

Yes Diagnosis of left heart diseases or
v lung diseases confirmed?

No signs of severe
PHIRYV dysfunction

Treat underlying
disease
v

g Refer to PH =
CTEPH possible:

expert centre
[ RHC (Table 10) I
CT pulmonary angiography, mPAP 225 mmHg, PAWP

RHC +/- Pulmonary Angiography L <15 mmHg, PVR >3 Wood units J

PAH likely
Specific diagnostic tests

CTD

Porto-
pulmeonary

Drugs - Toxin < -

HIV

A
Y

Schistosomiasis

v

Heritable Idiopathic Idiopathic
PVOD/PCH PYOD/PCH PAH

Heritable
PAH
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5.1.11 Right heart catheterization and vasoreactivity / ey

CARDIOLOGY »

RHC is required to confirm the diagnosis of PAH and CTEPH, to
assess the severity of haemodynamic impairment and to undertake
vasoreactivity testing of the pulmonary circulation in selected pa-

tients

Table 3 Haemodynamic definitions of pulmonary hypertension®

PH PAPm >25 mmHg All
Pre-capillary PH PAPm 225 mmHg | Pulmonary arterial hypertension
PAWP <15 mmHg 3. PH due to lung diseases

4. Chronic thromboembolic PH
5. PH with unclear and/or multifactorial mechanisms

Post-capillary PH PAPm =25 mmHg 2.PH due to left heart disease
PAWP >15 mmHg 5.PH with unclear and/or multifactorial mechanisms
Isolated post-capillary PH DPG <7 mmHg and/or
(Ipc-PH) PYR 3WLF

Combined post-capillary and pre-capillary PH DPG =7 mmHg and/or
(Cpe-PH) | PVR >3WLF
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CARCAOLOGY »

General measures

Treatment naive PAH confirmed by (Table 16)
patient expert center R i

(Table 17)

Y

CCB Therapy > ( Acute vasoreactivity test
(IPAH/HPAH/DPAH only)

l

(Table 18)

Vasoreactive L

European Heart Journal 2016,37:67—119
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Web Table IV Route of administration, half-life, dose ranges, increments, and duration of administration of the most
commonly used agents for pulmonary vasoreactivity tests

Nitric oxide Inh 15-30 sec 10-20 ppm - 5 min¢ 4,5
Epoprostenol LV. 3 min 2-12 ng/kg/min 2 ng/kg/min 10 min 4,6
Adenosine L.V. 5-10sec | 50-350 pg/kg/min 50 pg/kg/min 2 min 7
lloprost Inh 30 min 5-20 pg - [5 min 8

“Responder” | PAPm di almeno 10 mmHg (> 20%) Solo i pazienti responders
fino a raggiungere PAPm <40 mmHg sono candidati
1n assenza di una riduzione dell’indice
cardiaco (1 o0 <)

alla terapia con calcio-antagonisti




General measures ESC/ERS GUIDELINES
Treatment raive | PAH confirmed by (Table 16)
S ==
1 (Table 17) @
L j Aute vasosreaotivity test ]
Vasoreactive | (IPAHHPAHDPAH only) | SOCIETY OF

l CARDIOLOGY *

iagnosis

l—w
Low or intermediate risk High risk
HO FC 1IN FCI
[ i }‘ﬁ f'nl'ul'l-lw‘:lllr Ll
Initial oral Initial comisination
combsination” inchsding Lv. PCA’
(Table 20) (Table 10)
!
Inadequate dinical response Consider referral for
{Tabile 15) T ung transplantation

|

Drowubde or triple sequential oombinatbon
(Tabie 21)

Inadequate clinkcal response
(Table 15)

and treatment of pulmonary hypertension

2015 ESC/ERS Guidelines for the d
European Heart Journal 2016,37:67—119
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Epoprostenol and pulmonary arterial Upfront triple combination therapy in

hypertension: 20 years of clinical pulmonary arterial hypertension:

PULMONARY ARTERIAL HYPERTENSION - ] _ ) _ _
Olivier Sitbon"??, Xavier Jais"??, Laurent Savale'??, Vincent Cottin®,

Olivier Sitbon?2 and Anton Vonk Noordegraaf"" Emmanuel Bergot®, Elise Artaud Macari'??, Hélene Bouvaist®, Claire Dauphin’,
Francois Picard® Sophie Bulifon'?2, David Montani'?3, Marc Humbert"?3 and

_ Gérald Simonneau'??
Prostanoids

ABSTRACT Patients with severe pulmonary arterial hypertension (PAH) in New York Heart Association
(NYHA) functional class (FC) III/IV have a poor prognosis, despite survival benefits being demonstrated
Vessels Leukocytes oy Lo - . -
| l | | with intravenous epoprostenol. In this pilot study, the efficacy and safety of a triple combination therapy
v regimen in patients with severe PAH was investigated.

SMC Fibroblasts EC Plateletsl | Mono| | MAl PMN T-l:ells| Data from newly diagnosed NYHA FC III/IV PAH patients (n=19) initiated on upfront triple
combination therapy (intravenous epoprostenol, bosentan and sildenafil) were collected retrospectively
from a prospective registry.

. X . Survival analysis
Vaso- Anti- Matrix Anti- NF-xB v ,MAPK v| |Burst . v||TNFo ¥ All patients initiated with upfront triple combination therapy were still alive after a mean follow up of
dilation proliferation secretion coagulation TNF-a ¥ iINOS | |Elastase/secretionw || IFN-a + ) . RSP )
IL-1 v Leukotrienes itz 4 41.2+13.4 months. Overall survival estimates were 100%, 100% and 100% at 1, 2 and 3 years, and
IL-10 4 respective transplant-free survival estimates were 94%, 94% and 94%. Expected survival calculated from the

French equation was 75% (95% CI 68-82%), 60% (95% CI 50-70% ) and 49% (95% CI 38-60%) at 1, 2 and
3 years, respec’rive]y.

Conclusion

Epoprostenol has been an important treatment for PAH for two decades and its place in patient
management continues to evolve. As the first disease-specific treatment for PAH, and the first therapy shown
in an RCT to improve patient survival, epoprostenol transformed PAH management and opened the door to
a new era of scientific and clinical study of PAH. With a wealth of clinical data supporting the efficacy and
tolerability profile of epoprostenol, this agent remains a key treatment option in PAH, and the development
of new, more convenient formulations of this therapy looks set to ensure a continuing role for epoprostenol
within the management of patients with PAH.

Eur Respir Rev 2017; 24: 160055
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6.3 Therapy o

The treatment process of PAH patients cannot be considered as a

mere prescription of drugs, but is characterised by a complex strat-

egy that includes the initial evaluation of severity and the subsequent
response to treatment.

European Heart Journal 2016,37:67—119




Table 21 Recommendations for efficacy of . s wgs
sequential drug combination therapy for pulmonary Table 20 Recommendations for efficacy of initial

@ 2015 ESC/ERS Guidelines for the diagnosis arterial hypertension (group 1) according to World drug combination therapy for pulmonary arterial

Health Organization functional class. Sequence is by

and treatment of pulmonary hypertension rating and by alphabeticat order hypertension (group 1) according to World Health

— - Organization functional class. Sequence is by rating
ESC/ERS GUIDELINES
reatment  |\WHO-FC |WHO-FC |WHO-FC
I} v
Macitentan
European Heart Journal 2016 Mactentan |88 .. Measure/ Class®-Level® Ref <
Eggg:’?%'\; sildenafil’ t t t
o reatmen
CARDIOLOGY # ?‘Oglsuatt:dded | Ia 214 WHO-FC | WHO-FC | WHO-FC
o bosentan
Selexipag® 241 | i v
Table 19 Recommendations for efficacy of drug monotherapy for pulmonary arterial hypertension (group 1) according to ! lia 248 Ambri t !
World Health Organization functional class. The sequence is by pharmacological group, by rating and by alphabetical order nsSentan | 1Ib 247
J lta 209 tadalafil’
Measure/treatment Class™Level® Ref.
WHO-FC Il |WHO-FC Il |WHO-FC IV Ha lla 237 Other ERA + “a “a "b -
Calcium channel blockers 1 - - 84,85 PDE‘Sl
Endothelin receptor antagonists Ambrisentan | Ilb 194 | 230
Bosentan . b 196— 1Ib 11b 231 Bosentan + = -
= sildenafil + lla lla 246
Macitentan® | 1lb 201 a a lla 211 .
Phosphodiesterase type 5 inhibitors Sildenafil | b 205- LY. EPOPrDStenDI
208
Tadalafil 1 i 211 e b 1b 249 Bosentan + i.v. - - lla lla 198,
Vardenafil® b b 212 i _ _ epoprostenol ’245
Guanylate cyclase stimulators Riociguat | 1lb 214 Al Iib Iib 250
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222 1ib b 1b 22?2 .
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Beraprost® - - - 218
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Table 17 Recommendations for evaluation of severity
and follow-up

Statement Class® Level®

A goal-oriented treatment strategy is

recommended in patients with PAH

TS TECOTMITIET Ty To PeTTOTTIT Tegutar TOTowW=up
every 3—6 months (Table 16) also in stable

patients with PAH

A goal-oriented treatment strategy is I C
recommended in patients with PAH

European Heart Journal 2009,;30:2493-2537




Do Changes of 6-Minute Walk

Distance Predict Clinical Events in

Patients With Pulmonary Arterial Hypertension?
A Meta-Analysis of 22 Randomized Trials
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Treat-to-target approach in pulmonary arterial
nypertension: a consensus-pased proposal

Eur Respir Rev 2012;21(125):259-262




Variables Used in Clinical Practice to Determine
1L 3Bl Response to Therapy and Prognosis in Patients

With PAH

Functional class

lorll
Echocardiography/CMR

Normal/near-nomal RV size and function
Hemodynamics

Normalization of RV function (RAP <8 mm Hg and Cl >2.5 to 3.0 I/min/m2)
6-min walk distance

=380 to 440 m; may not be aggressive enough in young individuals
Cardiopulmonary exercise testing

Peak VO >15 ml/min/kg and EqQCO2 <45 I/min/l/min
B-type natriuretic peptide level

Normal

JACC 2013;62:D73-81




Survival in Patients with Primary Pulmonary
Hypertension

Results from a National Prospective Registry
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Predicting Survival in Pulmonary Arterial Hypertension

Insights From the Registry to Evaluate Early and Long-Term Pulmonary
Arterial Hypertension Disease Management (REVEAL)
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ﬂ
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N=2718 N=2654 N=2586 N=2508 N=2416

Months from Enroliment

Figure 1. Kaplan-Meier estimates of 1-year survival from time of
enrgllmen_t. Dashed lines represent the 95% CI for the Kaplan-
Meier estimates. Circulation 2010;122:164-172




Survival in Patients With Idiopathic, Familial, and
Anorexigen-Associated Pulmonary Arterial Hypertension in
the Modern Management Era
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE w

Initial Use of Ambrisentan plus Tadalafil
in Pulmonary Arterial Hypertension

N. Galié, .A. Barbera, A.E. Frost, H.-A. Ghofrani, M.M. Hoeper, V.V. MclLaughlin,
A.J. Peacock, G. Simonneau, J.-L. Vachiery, E. Griinig, R.J. Oudiz,
A.Vonk-Noordegraaf, R.). White, C. Blair, H. Gillies, K.L. Miller, J.H.N. Harris,
J. Langley, and L.J. Rubin, for the AMBITION Investigators*

N Engl J Med 2015;373:834-44




C Combination Therapy vs. Tadalafil Monotherapy
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Diagnosis of PAH
Vasoreactivity test negative
NYHA Il or IV

Y
Baseline examination and 2-6 monthly re-evaluation
to assess treatment goals (6-min walk distance >380 m,
peak V'0, >10.4 mL-min-1-kg-1, peak systolic
blood pressure >120 mmHg during exercise)

Treatment goals not met Treatment goals met
First-line treatment Treatment
bosentan continued
T Addition of Treatment
———
sildenafil continued
— Addition of y Treatment
inhaled iloprost continued
_____» Transition from inhaled Treatment
to intravenous iloprost continued
I Highly urgent
lung transplantation

European Heart Journal 2009,;30:2493-2537




@ 2015 ESC/ERS Guidelines for the diagnosis
S and treatment of pulmonary hypertension

ESC/ERS GUIDELINES
6.3 Therapy @

v

Low or mtermedlate risk High risk
(WHO FC lI-lI)* — J’ (WHOfC Iv)*

Initial Initial oral Initial combination

monotherapy® combination® including i.v. PCA®
(Table 19) (Table 20) (Table 20)

European Heart Journal 2016;37:67—119




@ 2015 ESC/ERS Guidelines for the diagnosis ESC/ERS GUIDELINES
and treatment of pulmonary hypertension

EURCFPEAN
SOCIETY OF

Table 13 Risk assessment in pulmonary arterial hypertension CARDIOLOGY

Determinants of prognosis®

Intermediate risk 5-10% High risk >10%

(estimated |-year mortality)
Clinical signs of right heart failure

Absent Present

Progression of symptoms Slow Rapid
Syncope No Occasional syncope® Repeated syncope®
WHO functional class LIl n v
6MWD >440m 165440 m <l65m

Peak VO, >15 ml/min/kg Peak VO, Peak VO, <11 ml/min/kg
Cardiopulmonary exercise testing (»65% pred.) I 1=15 ml/min/kg (35-65% pred.) (<35% pred.)

VENVCO, slope <36 VEVCO, slope 36-44.9 VEVCO, 245

BNP <50 ng/l BNP 50-300 ng/l BNP >300 ng/l
NT-proBNP <300 ng/ml NT-proBNP 300-1400 ng/l NT-proBNP >1400 ng/l

RA area 18-26 cm’
No or minimal, pericardial
effusion

RAP <8 mmHg RAP 8-14 mmHg RAP >14 mmHg
Haemodynamics Cl 22.5 Umin/m? Cl 2.0-2.4 limin/m’ Cl <2.0 Vmin/m?
SvO; >65% SvO; 60-65% SvO; <60%

NT-proBNP plasma levels

RA area >26 cm’
Pericardial effusion

RA area <|8 em?

Imaging (echocardiography, CMR imaging) No pericardial effusion

European Heart Journal 2016;37:67—119




2015 ESC/ERS Guidelines for the diagnosis ESC/ERS GUIDELINES @
and treatment of pulmonary hypertension e

SQCIETY OF
CARDIOLOGY ®

Most of the proposed variables and cut-off values are based on expert opinion

They may provide prognostic information and may be used to guide therapeutic
decisions, but application to individual patients must be done carefully

One must also note that most of these variables have been validated mostly for

IPAH and the cut-off levels used above may not necessarily apply to other forms
of PAH

Furthermore, the use of approved therapies and their influence on the variables
should be considered in the evaluation of the risk

European Heart Journal 2016,37:67—119




2015 ESC/ERS Guidelines for the diagnosis ESC/ERS GUIDELINES @

and treatment of pulmonary hypertension SSERTESY
Inadequate clinical response Consider referral for
(Table 15) > lung transplantation
Double or triple sequential combination /

(Table 21)

Inadequate clinical response
(Table 15)

Consider listing for lung transplantation® /
(Table 22)

European Heart Journal 2016;37:67—119




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

EUROPEAN
SOCIETY OF
CARDICLOGY ®

Evaluation of severity

The clinical assessment of the patient has a pivotal role
in the choice of the initial treatment, the evaluation of the response
to therapy, and the possible escalation of therapy if needed.

6.2.4 Comprehensive prognostic evaluation and risk
assessment

Regular assessment of patients with PAH in expert PH centres is
strongly recommended.

European Heart Journal 2016;37:67—119




Accredo Database

dati raccolti da un provider di farmaci in USA, relativi a 821 pz PAH che miziavano bosentan

Prostanoidi 11%

Terapia orale 89%

decessi




Trattamento al momento della morte correlata a PAH

Tutti i pazienti (n = 487) Pazienti FC IV* (n = 135)

SRRV 38.4% altre terapie 28.9% altre terapie

prostanoidi
1.v./s.c.

67.4%

prostanoidi
i.v./s.c. 3.7% nessuna terapia

5.7% nessuna terapia

B Quasi la meta de1 pazienti (44.1%) non stava ricevendo prostanoidi
B Quasi un terzo dei pazienti (32.6%) FC IV* non stava ricevendo prostanoidi

Tra 1 pazienti valutati < 6 mesi prima della morte
(n=308), 135 (43.8%) erano in FC IV Farber et al. J Heart Lung Transplant 2013




@ 2015 ESC/ERS Guidelines for the diagnosis  ESC/ERS GUIDELINES @
and treatment of pulmonary hypertension

EUROFPEAN
SQCIETY OF

Table 14 Suggested assessment and timing for the follow-up of patients with pulmonary arterial hypertension cARa '

At baseline Every 3-6 Every 6-12 3-6 months after In case of clinical
months® months* changes in therapy* worsening
:ei:nali:::i?'::::ninuinal class * * * * i
ECG + + + + +
6MWT/Borg dyspnoea score + + + + +
CPET + + +
Echo + + + +
Basic lab® + + + . +
Extended lab* + + +
Blood gas analysis® + + + +
Right heart catheterization + + + +

European Heart Journal 2016,37:67—119




@ 2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension

EUROFPEAN

Table 13 Risk assessment in pulmonary arterial hypertension A oion s

Determinants of prognosis®

Intermediate risk 5-10% High risk >10%

(estimated |-year mortality)
Clinical signs of right heart failure

Progression of symptoms

Absent Present

Slow Rapid
Syncope No Occasional syncope® Repeated syncope®
WHO functional class L i v

6MWD >440 m 165440 m <165 m

Peak VO, >15 ml/min/kg Peak VO, Peak VO, <I 1 ml/min/kg
Cardiopulmonary exercise testing (»65% pred.) I 1=15 ml/min/kg (35-65% pred.) (<35% pred.)
VEVCO, slope <36 VEVCO, slope 36-44.9 VEVCO, >45

BNP <50 ng/ BNP 50-300 gl BNP >300 ng/l
NT-proBNP <300 ng/mi NT-proBNP 300-1400 ng/l NT-proBNP > 1400 ngl

RA area 18-26 cm’
No or minimal, pericardial
effusion

RAP <8 mmHg RAP 8-14 mmHg RAP >14 mmHg
Haemodynamics Cl 22.5 Umin/m? Cl 2.0-2.4 limin/m’ Cl <2.0 Vmin/m?
SvO; >65% SvO; 60-65% SvO; <60%

NT-proBNP plasma levels

RA area >26 cm’
Pericardial effusion

RA area <|8 cm*

Imaging (echocardiography, CMR imaging) No pericardial effusion

European Heart Journal 2016;37:67—119




Recommendations for Cardiac Chamber
@ Quantification by Echocardiography in Adults:
secervor — An Update from the American Society of

Echocardiography and the European Association

of Cardiovascular Imaging

European Heart Journal — Cardiovascular Imaging 2015;16: 233-271

lll. The Left and Right Atria

GUIDELINES AND STANDARDS

Recommendations for Cardiac Chamber
Quantification by Echocardiography in Adults:
An Update from the American Society
of Echocardiography and the European Association
of Cardiovascular Imaging

l I ' TH E LEFT AN D Rl G HT ATR IA J Am Soc Echocardiogr 2015,28:1-39




10. Right Atrial measurements

As with the left atrium, RA volumes are likely to be more robust
and accurate for determination of RA size compared with linear di-
mensions.

Recommendations. The recommended parameter to assess RA
size is RA volume, calculated using single-plane area-length or disk
summation techniques in a dedicated apical four-chamber view.

Table 13 Nomal RA size obtained from 2D
echocardiographic studies

Women Men
RA minor axis dimension (cm/m?) 19+03 1.9+03
RA major axis dimension (cm/m?) 2503 2403
2D echocardiographic RA volume (mL/m®) 21 = 6 257

Volume.

2D volumetric measurements are
usually based on tracings of the
blood-tissue interface on the
apical four-chamber view. At the
tricuspid valve level, the contour is
closed by connecting the two
opposite sections of the tricuspid
ring with a straight line. Volumes
can be computed by using either
the single plane area-length:

8 [P
3w | L

or the disks summation technique.
3D data sets are usually obtained
from the apical approach using a
full-volume acquisition

2D view

e More
representative of
actual RA size than
linear dimensions

JAm Soc Echocardiogr 2015,28:1-39




@ Recommendations for Cardiac Chamber A ot otion
surorzan  Quaantification by Echocardiography in Adults: RSt
T An Update from the American Society of
Echocardiography and the European Association
of Cardiovascular Imaging pised D57

i1C0!

B

Il. The Right Ventricle

8. RV Systolic Function

TAPSE 20 mm °

RV systolic function has been evaluated using multiple parameters g
(Table 9), including RIMP, TAPSE, 2D FAC.3[3E EF,S',andlongitudinal = / o /‘\../'\\,./‘
strain and strain rate by DTl and 2D STE.” casiiie. cain

e

Recommendations
Two-dimensional STE-derived strain, particularly of the RV free wall,

appearsto bereproducible andfeasible for clinical use. Because ofthe

- - . . - - . M
need for additionalnormative datafrom large studies involving multi-
vendorequipment, no definite reference ranges are currently recom- et wer

mended for either global or regional RV strain or strain rate.
European Heart Journal — Cardiovascular Imaging 2015;16: 233-271
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CARDIOLOGY ®

Table 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosis®

Low risk <5% Intermediate risk 5-10%

(estimated |-year mortality)

RA area 18-26 cm’
Mo or minimal, pericardial
effusion

RA area <|8 cm?
MNo pericardial effusion

RA area >26 cm?

Imaging (echocardiography, CMR imaging) Pericardial effusion

No pericardial effusion Pericardial effusion

TAPSE® 52,0 cm TAPSE" <1.5 cm

6.2 Evaluation of severity
6.2.1 Clinical parameters, imaging and haemodynamics

As RV function is a key determinant of exercise capacity and out-
come in patients with PH, echocardiography remains an important
follow-up tool.
European Heart Journal 2016;37:67—119




6.2 Evaluation of severity
6.2.1 Clinical parameters, imaging and haemodynamics

A comprehensive echo-
cardiographic assessment includes a description of chamber sizes,
particularly of the RA and RV area, the magnitude of tricuspid regur-

gitation, the LV eccentricity index and RV contractility, which can be —

determined by several variables, including RV longitudinal systolic

strain/strain rate and RV fractional area change, Teiindex and tricus-
101-108

How to detect disease progression in
pulmonary arterial hypertension
J-L. Vachiéry, P. Yerly and S. Huez

European Journal of Echocardiography (2010) 11, 516-522
FFFFFFFF doi:10.1093/ejechocard/jeq011
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and treatment of pulmonary hypertension A

6.2 Evaluation of severity
6.2.1 Clinical parameters, imaging and haemodynamics

a marked increase (= 30 mmHg)

of PAPs during exercise reflects better RV function and is associated
with a better long-term outcome than a modest or no increase. '
This so-called contractile reserve has recently been shown to be an

independent prognostic marker in patients with severe PH.""

European Heart Journal 2016,37:67—119




Assessment and Prognostic Relevance of Right
Ventricular Contractile Reserve in Patients With
Severe Pulmonary Hypertension

Ekkehard Griinig, MD; Henning Tiede, MD, MSc; Esi Otuwa Enyimayew; Nicola Ehlken, BSc;
Hans-Jiirgen Seyfarth, MD: Eduardo Bossone. MD: Antonello D’ Andrea, MD:
Robert Naeije, MD; Horst Olschewski, MD; Silvia Ulrich, MD; Christian Nagel, MD;

Michael Halank, MD: Christine Fischer, PhD

Clinical Implications and Conclusions

Assessment of PASP increase during exercise by stress echo-
cardiography at low workloads may reflect RV contractile
reserve and can contribute to follow-up assessment and risk
stratification of PAH/CTEPH patients. The combination of
stress Doppler echocardiography and cardiopulmonary exer-
cise test revealed the most important independent prognostic
factors to be peak Vo, and low PASP increase and may be use-
ful for therapeutic decision making by identifying patients of
especially high risk and inadequate therapy. Estimation of RV
contractile reserve may be even more important than resting
hemodynamics measured by echocardiography for the follow-
up and therapeutic management of PH patients.

Circulation 2013;128:2005-2015

A low PASP B high PASP

Right ventricular function and
pulmonary arterial pressure (PAP)

Pulmonary arterial pressure at rest (straight line)
and during exercise (dotted line) as seen in
echocardiography

A (red) only small increase of PAP

B (green) higher increase of PAP

—

During exercise

A'is not able to increase .
pulmonary arterial pressure (PAP)
while B

shows an increase in sPAP >30mmHg
= suggesting a better right ventricular
reserve




Assessment and Prognostic Relevance of Right
Ventricular Contractile Reserve in Patients With

Severe Pulmonary Hypertension
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A Increase of systolic B peak VO,/kg, [mL/min/kg]
pulmonary arterial

1,07 pressure 1.0 .
— e——— | _—‘—‘—‘_l_LL—
>11.4mL/min/kg
0.6+ >30mmHg 0.8
Overall survival Overall survival
0,671 0,67
E <30mmHg r—
g 0.4 % 0.4 <11.4mL/min/kg
A 2 p=0.004
p=0.002
0,2 0,27
Hazard Ratio of adjusted Cox-model estimation Hazard Ratio of adjusted Cox-model estimation
0.0 3.15 (95% Confidence Interval 1.33-7.46) 0,01 2.84 (95% Confidence Interval 1.30-6.19)
T T T T T T T T T |
0 1 2 3 4 0 1 2 3 4
. Ti
Numbers at risk [n] e [years] Patients at risk [n] Time [Years)
Time [years] 0 1 2 3 4 Time [Years) 0 1 2 3 4
>30mmHg 56 47 42 31 16 >11.4mL/min/kg 58 51 45 38 19
£30mmHg 65 57 47 26 11 <11.4ml/min/kg 63 53 46 21 11

Figure 4. A, Survival rate of pulmonary hypertension patients in relation to right ventricular contractile reserve obtained by pulmonary
arterial systolic pressure (PASP) increase during exercise. The 1-, 3-, and 4-year survival rates among the patients with PASP increase
<30 mmHg were 92%, 69%, and 48%, respectively, and 96%, 92%, and 89% among group B with high PASP >30 mmHg. B, Survival
among patients in relation to peak Vo per kilogram. The median of peak Vo per Kilogram (11.4 mL-min-"-kg-") was used to split the
patients into 2 groups. Patients with a peak Vo per kllogram >11.4 mL-min-- kg~ had significantly higher survival rates (98%, 93%, and
80%) than patients with peak Vo per kilogram <11 4 mL-min-"-kg-' (90%, 67% and 56%) at 1, 3, and 4 years.

Circulation 2013;128:2005-2015




GUIDELINES AND STANDARDS

Recommendations for Cardiac Chamber
Quantification by Echocardiography in Adults:
An Update from the American Society
of Echocardiography and the European Association
of Cardiovascular Imaging

Table 9 Recommendations for the echocardiographic assessment of RV function

Echocardiographic imaging Recommended methods Advantages Limitations
Fractional RV volume ¢ Includes RV outflow tract + Dependent on adequate
change by 3D TTE: contribution to overall func- image quality
RV EF (%) = 100 x (EDV — tion e |Load dependency
ESV)/EDV ¢ Correlates with RV EF by ¢ Requires offline analysis and
CMR experience
e Prognostic value not estab-
lished

J Am Soc Echocardiogr 2015,28:1-39
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CARDIAC CHAMBER VOLUMES BY ECHOCARDIOGRAPHY

Accuracy of Right Ventricular Volumes and Function
Determined by Three-Dimensional Echocardiography
in Comparison with Magnetic Resonance Imaging:
A Meta-Analysis Study

Yuichi J. Shimada, MD, Maiko Shiota;, MD, Robert J. Siegel, MD, and
Takahiro Shiota, MD, PhD, FACC, FASE, FAHA, New York, New York; Los Angeles and Palo Alto, Californin

CONCLUSIONS

Only by synthesizing a number of small studies in a meta-analysis
could we display an underestimation of RV volumes and EF by
3DE and factors of the systematic bias. Furthermore, semiautomated
tracking systems, matrix-array transducers, software for diseased right
ventricles, spatial and temporal resolution, and time for obtaining
images were identified as targets for development. These data provide
a more detailed basis for analyzing and improving the accuracy of
3DE, an indispensable step toward further clinical application in RV
assessment.
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