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1865: Julius Klob, a pathologist from Austria,
described the “

124

ds

““a disease that is characterized by an increase in mass
of the inner vessel skin which grows out to form a
pseudomembraneous connective tissue”

&
“this entity was occasionally—but not always—associated

with inflammation”.
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1891: the first description of pulmonary vascular disorders
by Ernst von Romberg

" »”

Romberg E. Ueber sklerose der lungen arterie.
Dtsch Archiv Klin Med 1891;48:197-206.



EAAHNIKH ETAIPEIA MEAETHE THX NINEYMONIKHX YNEPTAZHE

2° MANEAAHNIO ZYNEAPIO
NMNEYMONIKHZ YNEPTAZHZ

\\
3 “ &
‘W\ aﬂ .
- -
N\ ‘.‘
S
P

Ao 1o 1° oto 6° NMNaykoouLo
2uvESpLo MNMvevpovikne YtEptaong

“primary pulmonary vascular sclerosis”

“right ventricular hypertrophy of obscure origin”

“idiopathic pulmonary hypertension”
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1960: the first WHO meeting on pulmonary circulation
an expert committee on chronic cor pulmonale

chronic cor pulmonale classification:
diseases primary affecting

® of the lung and the alveoli

e the
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® Geneva, 1973:
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15t world symposium on PH
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e Geneva, 1973: 1% world symposium on PH

e Evian, 1998: 2" world symposium on PH
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® Geneva, 1973:

e Evian, 1998:
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2uvESpLo NMveupovikNg YIEpTaonc

15t world symposium on PH

2" world symposium on PH

e Venice, 2003: 3" world symposium on PH
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e Geneva, 1973: 1% world symposium on PH
e Evian, 1998: 2" world symposium on PH
e Venice, 2003: 3" world symposium on PH

e Dana Point, 2008: 4" world symposium on PH



Updated Clinical Classification of
Pulmonary Hypertension (Dana Point, 2008)

Dana Point, 2008
4" WSPH T ——

121 BMPR2

122, ALK1, endoglin (with or without hereditary hemorrhagic
telangiectasia)

123. Unknown

1.3. Drug- and texin-induced

1.4. Associated with

Table 2

141, Connective tissue diseases

1.42. HIV infection

1.4.3. Portal hypertension

1.4.4. Congenital heart diseases

1.45. Schistosomiasis

1. 4.6. Chronic hemolytic anemia

15 Persistent pulmonary hypertension of the newborn

1'. Pulmonary veno-occlusive disease (PYOD) and/or pulmonary capillary
hemangiomatosis (PCH)

2. Pulmonary hypertension owing to left heart disease

2.1 Systolic dysfunction

2.2 Diastolic dysfunction

2.3. Vahular disease

3.1 Chronic obstructive pulmonary disease

3.2. Interstitial lung disease

3.3. Other pulmonary diseases with mixed restrictive and obstructive pattem
3.4. Sleep-disordered breathing

3.5. Alveciar hypoventilation disorders

3.6. Chronic exposure to high altitude

3.7. Developmental abnormalities

4. Chronic thromboembolic pulmonary hypertension (CTEPH
5. Pulmonary hypertension with unclear multifactorial mechanisms

5.1 Hematologic disorders: myeloproliferative disorders, splenectomy

5.2. Systemic disorders: sarcoidosis, pulmonary Langerhans cell
histiocytosis: lymphangiolejomyomatosis, neurofibromatosis, vasculitis

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

5.4. Others: tumoral obstruction, fibrosing mediastinitis, chronic renal fallure
on dialysis

Main modifications to the previous Venice diassification are in bold.
ALK = activin receptor-iike kinase type 1; BMPR2 = bone morphogenctic protedn receptor type
2; HIV — human immunodeficency virus.
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Classification of Pulmonary Hypertension

® Geneva, 1973:
15t world symposium on PH

e Evian, 1998:
2" world symposium on PH

e Venice, 2003:
3 world symposium on PH

e Dana Point, 2008:
4th world symposium on PH

e Nice, 2013:
5th world symposium on PH



Clinical classification of Pulmonary Hypertension (ESC/ERS guidelines 2015)

|1 |diopathic
|.2 Herltable
|.2.1 BMPR2 mutation
|.1.2 Other mutations
|.3 Drugs and toxins induced
| 4 Assoclated with:
| 4.1 Connective tissue disease
|.4.2 Human immunedeficiency virus (HIV) infection
|.4.3 Portal hypertension
| 4.4 Congenital heart disease (Table &)
| 4.5 Schistosomiasis

I".1 Idippathic
I'.2 Herttable
I".2.1 EIF2AK4 mutation
|".2.2 Other mutatons
I".3 Drugs, toxins and radiation induced
|'4 Assoclated with:
I"4.] Connective tissue disease

I"4.2 HIV infection
", Persistent pulmonary hypertension of the newborn

.| 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

1.5 Congenital facquired pulmonary veins stenosis

3. Pulmonary hypertension due to lung diseases andlor

I

3.1 Chronlc obstructive pulmonary disease

3.2 Interstidal lung disease

1.3 Other pulmonary diseases with mixed restrictive and
obstructive pattern

3.4 Sleep-disordered breathing

1.5 Alveclar hypoventllation disorders

3.6 Chronlc exposure to high alitude

3.7 Developmental lung diseases {Web Table II)

4. Chronic thromboembolic pulmonary hypertension

and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertansion
4.2 Other pulmonary artery obstructons

4.2.| Anglosarcoma

4.1.2 Other intravascular tumors

4.1.3 Arterids

4.2.4 Congenital pulmonary arteries stenoses

4.1.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or

I
i;

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

5.2 Systemic disorders, sarcoldosis, pulmonary histiocytosis,
lymphangiolelomyomatosis

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

5.4 Others: pulmonary tumaral thrombothic microanglopathy,
fibrosing mediastinitls, chronlc renal fallure (with/without

dialysis), segmental pulmonary hypertension
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Clinical classification of Pulmonary Hypertension (ESC/ERS guidelines 2015)
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A global view of pulmonary hypertension

Pulmonary hypertension
is becoming an increasing common

Pulmonary arterial hypertension,
especially the idiopathic form
®isa - incidence of 2-5 per million adults
e is increasingly being diagnosed in elderly people




A global view of pulmonary hypertension

o Left-sided heart failure, particularly HFpEF,
is becoming a of PH,
affecting 5-10% of individuals aged 65 years or older

e Lung disease, especially COPD,
is another of PH

® Schistosomiasis,
HIV infection,
post-streptococcal rheumatic heart disease,
& sickle cell disease
are of pulmonary hypertension in
countries where these diseases are still endemic



Estimated global distribution of the most prevalent forms of pulmonary hypertension

Africa

South America
[ Left-sided heart disease \

[ Lung disease

3 Rheumatic heart disease | Australia
3 Sickle cell disease

3 Hiv

B8 Other

Lancet Respir Med 2016; 4: 306—322
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Haemodynamic definition of Pulmonary Hypertension

PH

PAPm =25 mmHg

All

Pre-capillary PH

PAPm 225 mmHg
PAWP <15 mmHg

|. Pulmonary arterial hypertension

3.PH due to lung diseases

4. Chronic thromboembolic PH

5. PH with unclear and/or multifactorial mechanisms

Post-capillary PH

Isolated post-capillary PH

(lpc-PH)

Combined post-capillary and pre-capillary PH

(Cpc-PH)

PAPm =25 mmHg
PAWP >15 mmHg

DPG <7 mmHg and/or
PVR <3 WLF

DPG =7 mmHg and/or
PVR >3 WL

2. PH due to left heart disease
5. PH with unclear and/or multifactorial mechanisms

PH guidelines 2015
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Table 3 Haemodynamic definitions of pulmonary
hypertension®

Characteristics Clinical group(s)®

Pulmonary Mean PAP
hypertension =25 mmHg
(PH)
Pre-capillary PH Mean PAP 1. Pulmonary arterial
=25 mmHg hypertension
PWP =15 mmHg 3. PH due to lung diseases
. Chronic
thromboembolic PH
. PH with unclear and/or
multifactorial
mechanis

capillary PH Mean PAP
=25 mmHg
PWP =15 mmHg
CO normal or
reduced”
Passive <12 mmHg

Reactive (out of G =12 mmHg

*All values measured at rest.
b :
According to Table 4.

CO can be present in cases of hyperkinetic conditions such as
systemic-to-pulmonary shunts (only in the pulmonary circulation), anaemia,
hyperthyroidism, etc.

CO = cardiac output; PAP = pulmonary arterial pressure; PH = pulmonary
hypertension; PWP = pulmonary wedge pressure; TPG = transpulmonary
pressure gradient (mean PAP — mean PWP).




Clinical trials in PAH

Terbogrel STEP
Treprostinil Sildenafil
AIR Sildenafil STRIDE2 ARIES
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PAH Evidence-Based Algorithm

Oral anticoagulants (E/B) - IPAH/HPAH

Diuretics (E/A)

Oxygen* (E/A)

Digoxin (E/C)

Supervised rehabilitation (E/B)

Supportive therapy and general measures

3

Expert referral (E/A)

]

Avoid excessive physical exertion (E/A)
Birth control (E/A)

Psychological and social support (E/C)
Infection prevention (E/A)

ACUTE RESPONDER

Acute vasoreactivity test (A for IPAH)

(E/C for APAH)

. 4

WHO Class I-IV
Amlodipine, diltiazem,
nifedipine (B)

!

Sustained response
(WHO I-1l)

Lo

YES NO

|

Amlodipine, diltiazem,
nifedipine (B)

JACC, June 2009

>1 NON-RESPONDER

Strength of

Recommendation

WHO Class Il

WHO Class lll

WHO Class IV

Ambrisentan, Bosentan,

Ambrisentan, Bosentan,

Epoprostenol IV

A Sildenafil Epoprostenol IV, lloprost inh,
Sildenafil
Sitaxsentan, Tadalafil Sitaxsentan, Tadalafil, lloprost inh
Treprostinil SC
Beraprost Treprostinil SC
lloprost IV, Treprostinil IV lloprost IV, Treprostinil IV
E/B Initial combination therapy
(see below)
E/C Ambrisentan, Bosentan,
Sildenafil, Sitaxsentan, Tadalafil
Not approved Treprostinil inh+ Treprostinil inh+

1 INADEQUATE CLINICAL RESPONSE

Sequential combination therapy

!

+(B) Prostanoids

INADEQUATE CLINICAL RESPONSE

PDE-S| —

+(B)
+(B) «—— ERA

ﬁ

Atrial septostomy (E/B) and/or
lung transplant (E/A)
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Digoxin (E/C)

Supervised rehabilitation (E/B)

Supportive therapy and general measures

3

Expert referral (E/A)

]

Avoid excessive physical exertion (E/A)
Birth control (E/A)

Psychological and social support (E/C)
Infection prevention (E/A)

ACUTE RESPONDER

Acute vasoreactivity test (A for IPAH)

(E/C for APAH)

. 4

WHO Class I-IV
Amlodipine, diltiazem,
nifedipine (B)

!

Sustained response
(WHO I-1l)

Lo

YES NO

|

Amlodipine, diltiazem,
nifedipine (B)

JACC, June 2009

>1 NON-RESPONDER

Strength of

Recommendation

WHO Class Il

WHO Class lll

WHO Class IV

Ambrisentan, Bosentan,

Ambrisentan, Bosentan,

Epoprostenol IV

A Sildenafil Epoprostenol IV, lloprost inh,
Sildenafil
Sitaxsentan, Tadalafil Sitaxsentan, Tadalafil, lloprost inh
Treprostinil SC
Beraprost Treprostinil SC
lloprost IV, Treprostinil IV lloprost IV, Treprostinil IV
E/B Initial combination therapy
(see below)
E/C Ambrisentan, Bosentan,
Sildenafil, Sitaxsentan, Tadalafil
Not approved Treprostinil inh+ Treprostinil inh+

1 ADEQUATE CLINICAL RESPONS

Sequential combination therapy

!

+(B) Prostanoids

INADEQUATE CLINICAL RESPONSE

PDE-S| —

+(B)
+(B) «—— ERA

ﬁ

Atrial septostomy (E/B) and/or
lung transplant (E/A)




20009:

Diagnosis of PAH

Vasoreactivity test negative

v

Baseline examination and 3 to 6 monthly re-evaluation to assess treatment goals

(Clinically stable, NYHA II, 6-MWD>400m, RAP/CI normal)

Treatments goals not met Treatments goals met

\4

Start ERA or PDE-5I Continue treatment

Add ERA or PDE-5I Continue treatment

Parenteral prostanoids and/or

Vs

Continue treatment

enrolment in clinical trials

C
C
C

Urgent lung transplantation




2009: Goal-oriented therapy for PAH

Diagnosis of PAH

Vasoreactivity test negative

\

Baseline examination and 3 to 6 monthly re-evaluation to assess treatment goals
(Clinically stable, NYHA II, 6-MWD>400m, RAP/CI normal)

2015...... : | New drugs / New strategies

Treatments goals not met Treatments goals met

\4

Start ERA or PDE-5I Continue treatment

Add ERA or PDE-5I Continue treatment

b

Continue treatment

enrolment in clinical trials

C Parenteral prostanoids and/or

Urgent lung transplantation




Paradigm of combination therapy in PAH. Combination therapy can be given by either
sequentially adding agents if treatment response is unsatisfactory or by upfront combination.

Evolving Paradigm ™\ 2\

Sequential comination Upfront combination

v

2 or 3 drugs
(especially in patients

who present with high
risk features)

» 7 impact on outcomes <

Marc Humbert et al. Circulation. 2014;130:2189-2208

American

Heart
Association.

Copyright © American Heart Association, Inc. All rights reserved.



Evidence based treatment algorithm for PAH patients

General measures
PAH confirmed by (Tshia IE)
l (Table IT)
Fioute vasoreactivity test 1
—- = {IPAHHPAHIDFAH only) )
Jri Mon-vasoreactve -l-
Low or intermediate risk High risk

PH guidelines 2015



Evidence based treatment algorithm for PAH patients

General measures
PAH confirmed by (Tshia IE)
l (Table IT)
Fioute vasoreactivity test 1
—- = {IPAHHPAHIDFAH only) )
—— Mon-vasoreactve
Low or intermediate risk High risk
—  (WHO FC Il — WHO FC Iv)*
‘. R

PH guidelines 2015



Evidence based treatment algorithm for PAH patients

General measures
PAH confirmed by (Tshia IE)
l (Table 17)
™)
Fioute vasoreactivity test
. = | (IPAHHFAH/DFAH only) )
—— Mon-vasoreactve -l-
Low or intermediate risk High risk
—  [WHO FC Il — (WHO FC IV)*
I R l
Initial Initial oral
monotherapy combination
|
Patient already Inadequate clinical response Consider referral for
on treatment (Table I5) : lung transplantation

Inadequate clinical response
(Tabde 15)

PH guidelines 2015



Evidence based treatment algorithm for PAH patients

General measures
"
PAH confirmed by (Tshia IE)
l (Table IT)

Fioute vasoreactivity test
{IPAHHPAHIDFAH only)
r,

Jri Hunﬂnj’rﬂmve

Low or intermediabe risk

PH guidelines 2015



Risk assessment in pulmonary arterial hypertension

Clinical signs of right heart failure

High risk >10%

Absent Absent Present

Progression of symptoms

No Slow Rapid

Syncope

MNo Ovccasional syncope® Repeated syncope-

WHO functional class

LN I v

MWD

>440 m 165—440 m <|65m

Cardiopulmonary exercise testing

Peak VO, >15 ml/min/kg Peak VO, Peak VO, <11 mlimin/kg
(>65% pred)) 11-15 ml/min/kg (35-65% pred.) (<35% pred))
VENCO; slope <36 VEVCO; slope 36-44.9 VE/VCO; 245

MT-proBNP plasma levels

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 ngf

Imaging {echocardiography, CMR imaging)

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

RA area >26 cm®
Pericardial effusion

RA area <18 cm?
Mo pericardial effusion

Haesmodynamics

RAP <8 mmHg RAP 814 mmHg RAP =14 mmHg
Cl 22.5 l/min/m? Cl 2.0-2.4 l/min/m? Cl <2.0 l/min/m?

SvO,; >65% SvO; 60-65% Sv0, <60%

PH guidelines 2015



Risk assessment in pulmonary arterial hypertension

/

High risk >10%

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms Mo Slow Rapid

Syncope MNo Ovccasional syncope® Repeated syncope-

WHO functional class LI 1] v

sMWD >440 m 165—440 m <|65m
Peak VO; >15 mlimin/kg PeakVO; Peak VO <11 mlimin'kg
Cardiopulmonary exercise testing (=65% pred.) 1 1-15 mliminfkg (35-65% pred.) (<35% pred.)

VENCO; slope <36 VEVCO; slope 36-44.9 VE/VCO; 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 ngf

MT-proBNP plasma levels

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

RA area >26 cm®
Pericardial effusion

RA area <18 cm®

Imaging {echocardiography, CMR imaging) I

RAP <8 mmHg RAP 814 mmHg RAP =14 mmHg
Hasmodynamics Cl 22.5 /min/m? Cl 2.0-2.4 limin/m? Cl <2.0 /min/m?
vy >65% SviO, 60-65% Sv0O, <60%

PH guidelines 2015



Survival (%)

I
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80
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(@]
1

20 -

PAH: A Progressive Disease of Poor Survival

\ PAH Survival

|
\’\
* —
*——e.
48% \’
34%
O.I5 ZII_ 1.I5 2I 2.I5 EIS 3.I5 éll 4.I5 5I

Years of Followup

Adapted from: D’Alonzo et al. Ann Internal Med. 1991



\58%

— Observed
— Predicted (NIH Registry)
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12 24
Time, months

Humbert M et al. Circulation 2010;122:156-163 Ainesein :%EW‘ -
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Despite Improvements in Survival
PAH is Still Associated With High Mortality

7-Year Survival From Time of Diagnostic RHC?

93.3%

N
% 60
-
(73]

&

-@)- Predicted survival by NIH equation
-@- REVEAL weighted to match NIH cohort

1 L) ]

1 2 3 4
Time From Diagnosis, y

279 390 388 328 240

* REVEAL registry cohort weighted to match age, sex, and mean pulmonary artery pressure distribution of NIH cohort.
Cohort consisted of patients who met the NIH criteria (ie, had iPAH or fPAH and a pulmonary capillary wedge pressure
of <12 mm Hg), and initiated an ERA, PDES Iinhibitor, or prostacyclin analogue within 6 mo of diagnostic RHC.
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Log rank, p<0.001

1 "Low risk"
11 "Intermediate risk"
"High risk"

2 3

Number at risk Years
120 86 73

355 176 124

=9 22 13

D. Kylhammar et al. European Heart Journal (2017)
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72

Log rank, p<0.001

1"Low risk”
1"Intermediate risk”
"High risk"

Number at risk
111 96

229 180
43 24




©
2>
e
S
70

Log rank, p<0.001

1 Stable "Low risk”
—1improved to "Low risk"
Stable "Intermediate risk" or "High risk"
—IWorsened to "Intermediate risk” or "High risk”

2 3

Years

Number at risk
57 50 44 37
54 46 36 28
213 163 108 69




Low risk
Intermediate risk
High risk

2 3 4
Time since PAH diagnosis years

Hoeper M et al Eur RespirJ 2017; 50: 1700740




Low-risk criteria achieved within a year
« FCI-lI

6MWD >440 m

RAP <8 mmHg

Cl >2.5 L/min/m?

p<0.001

36.9%

B No criteria

O 1 criterion
B ? criteria

B 3 criteria

B 4 criteria

Baseline First re-evalution

Boucly A et al. Eur RespirJ 2017; 50: 1700889



b)

Transplant-free survival %

10—
'L.L_L_ """ T aeaa ., I—| -
-Il—L_ k o
80- e [ S
|__-|L 1"1 _______
.,L_Ll ---- | SR
I__L_—I 1
60 Ly
i
N L_ll 4 criteria
Tl - 3 criteria
e 2 criteria
N 1 criterion
00001 0 criteria
0 ' | ' I I
0 1 2 ’ ‘ ’
Time years

Boucly A et al. Eur RespirJ 2017; 50: 1700889



First Medical
Contact; ~ 12
months after
initial
symptom
onset

First Symptom,

96% 6

breathlessness
on exertion

3.0+ 2.1 Specialist
visits; Usually a
Cardiologist and a

Referral t
Respirologist £ Other S s

Specialist PHT

centre and RHC
An Average of 21 & 1.4 alternative diagnosis;

5 General diagnosis during this
Practitioner time

(GP) visits
along the

journey i

Time From
RHC to 1¢
Medical
therapy

1.3+0.69
Days

Mean47.1+34.2
Median 44 (IQR; 21 - 65)
months from Symptom onset

> —d

Strange et al.: Pulmonary Circulation, January-March 2013




At Symptom onset

At Diagnosis

Strange et al.: Pulmonary Circulation, January-March 2013



Collaboration: PH Care- Local Care

Patient
support groups
Cardiology Rheumatology

Primary care

Research Surgeons — PEA EMS ¢ Rheumatology
coordinators & Transplant Rehabilitation
Social work Mental health programs Local -a— Pulmonary
specialists _ Care _
/ T ? \ Cardiology -4— L ocal hospitg
Pulmonary Dieticians

Murse Hospice/
clinicians  palliative care

JACC 2015;65:1976—97



