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Table 5 Important definitions

® Pulmonary hypertension (PH) is a haemodynamic and
bathophysiological condition defined as an increase in mean
pulmonary arterial pressure((PAP) =25 mmHg at rest]as assessed
by right heart catheterization (Table 3). PH can be found in multiple
clinical conditions (Table 4).

assessed by right heart catheterization is not supported by
published data,

Pulmonary arterial hypertension (PAH, group 1) is a clinical condition
characterized by the presence of|pre-capillary PH](Table 3) in the
absence of other causes of pre-capillary PH such as PH due to lung
diseases, chronic thromboembolic PH, or other rare diseases (Table
4). PAH includes (different forms that share a similar clinical picture
and virtually{identical pathological changes Jof the lung
microcirculation (Table 4).

Galie N et al. European Heart Journal (2009) 30, 2493—-2537



Table 3 Haemodynamic definitions of pulmonary
hypertension™

Definition Characteristics Clinical group(s)

Pulmonary hypertension Mean FAF > 25 mmHg
(PH)

Pre-capillary PH Mean PAP » 25 mmHg - Pulmaonary arterial
(PWP < 15 mmHg J hypertension
CO normal or reduced 3 - PH due to lung diseases
1 - Chronic thramboembolic
PH
PH with unclear and/or
multifactorial mechanisms

Post-capillary PH Mean PAP > 25 mmHg - PH due to left heart
[PWP > 15 mmHq | disease
CO normal or reduced?

Passive PG < 12 mmHg

Reactive PG > 12 mmHg
[out of proportion)

Galie N et al. European Heart Journal (2009) 30, 2493—-2537



Table 4 Updated clinical classification of pulmonary

hypertension (Dana Point, 2008")

1 Pulmonary arterial hypertension (PAH) 3 Pulmonary hypertension due to lung diseases andlor

1.1 |diopathic hypoxaemia
1.2 Heriable 31 Chronic obstructive pulmonary disease

1.2.1 BMPR2 3.2 Interstitial lung disease

1.2.2  ALK1, endoglin (with or without hereditary 3.3 Other pulmonary diseases with mixed restrictive and

haemorrhagic telangiectasia) obstructive pattern

1.2.3  Unknown 34 Sleep-disordered breathing
1.3 Drugs and toxins induced 1.5  Alveoclar hypoventilation disorders
1.4 Associated with (APAH) 3.6 Chronic exposure to high altitude

4.1 Connective tissue diseases 3.7 L:'L"'v'L‘!f.T'[JH'IEJ'la‘li 'hn-:Jl'.'n:a'I: es

14.2 HIV infection
1

= 4 Chrnmr_ thrnmhuembnllc pulrnnna.ri_.r hypertensmn
4.3 Fortal hypertension g

144 Congenital heart disease 5 FH wuth untlenr anl:l.fur multlfar_mrlal mf-:_hnnlsms
1.4.5% %Schistosomiasis
146 Chronic haemolytic anaemnia

2.1  Haematological disorders: myeloproliferative disorders,

splenectomy.
¢ n(Sistp Imonary hvoarten F Al s :
1.5 Persistent pulmonary hypertension of the newbor 5.2 Systemic disorders: sarcoidosis. pulmonary Langerhans cell

nistiocytosis, lymphangoleiomyomatosis,

1" Pulmonary veno-occlusive disease and/or pulmonary ' e
neurofibromatosis, vasculitis

1:4.15:|nll.l,a|"‘|_.r haEmangmmﬂtﬂslﬁ = .
T TR R A R 5.3 Metabolic disorders: glycogen storage disease, Gaucher

2 Pulmonary hypertension due to left heart disease disease, thyroid disorders
2.1 Systolic dysfunction 24  Others; tumoural obstruction, fibrosing mediastinitis,
2.2 Diastolic dysfunction chronic renal failure on dialysis

2.3 Valvular disease

Galie.N et al Eur Heart J and Eur Respir J, 2009




Pulmonary Arterial Hypertension (Group 1)
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Pulmonary Veno-Occlusive Disease (Group 1)
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Table 4 Updated clinical classification of pulmonary
hypertension (Dana Point, 2008")

5 PH with unclear and/or multifactorial mechanisms

5.1 Haematological disorders: myeloproliferative disorders,
splenectomy.

5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans cell
histiocytosis, lymphangioleiomyomatosis,
neurofibromatosis, vasculitis
Metabolic disorders: glycogen storage disease, Gaucher
disease, thyroid disorders

Others: tumoural obstruction, fibrosing mediastinitis,

chronic renal failure on dial



PH Epidemiology in an Echo lab

(480 patients with SPAP > 40mmHG)

1. Pulmonary arterial hypertension 3. PH ass with lung diseases
| ' 10%
3.5%
2. PH ass with left heart disease 4. PH due to chronic TE disease

1.5%

5. Miscellaneous

Mixed

Gabbay et al ATS 2007



Pulmonary Vascular Diseases Center
Institute of Cardiology
Bologna University Hospital

As of 11 November 2009

Etiology of PH (n=1344)

Multifactorial
3%

CTEPH
16%

PH-LHD
11%

PVOD
1%

PAH
62%

={[e]e]o)Y, Pa?ner;\ts
Group 1 - PAH 837
Group 1' — PVOD 15
Group 2 — PH+LHD 148
m Group 3 — PH+LD 99
Group 4 — CTEPH 207
Group 5 - Multifactorial 38
Total | 1344




Figure | Diagnostic algorithm

Symptoms/signs/history suggestive of PH

|

S , : Search for
- 7
[ Non-invasive assessment compatible with PH? ]_, OHEr Catioas
and/or
recheck
v [ Consider common causes of FH] Y
[Gmup 2: Left heart disease? ] " History Sym*ptnms Gians l Group 3: Lung diseases ]
ECG, Chest radiﬂéraph Miociypoxal
TTE, PFT, HRCT
¥
v L Group 2 or 3: diagnosis confirmed J v
| Yes ; J Yes ‘
PH "proportionate” to severity “out of proportion” PH |

. | !
‘ Treat underlying disease | [ Perform V/Q scan ]

and check for progression

Galie.N et al Eur Heart J and Eur Respir J, 2009



Pulmonary Arterial Hypertension (group 1)
Symptoms, Risk Factors, Associated Conditions

Symptoms Risk Associated
Factors Conditions
DySpnoea Definite 3 Drugs and toxins induced

Fat| g ue Aminorex 4 Associated with (APAH)
Sy ncope Fenfluramine :'l 41 Cr_ll'.-rl:‘. N |_ ctive tissue diseases
Dexfenfluramine 14.2  HIVinfection
Toxic rﬂp(ﬁ[‘ffd il 14.5 Portal t":,-'pr:-rl_r::rr:.i:_:-r'u

Benfluorex 144 Congenital heart disease

145 Schistosomiasis

1.4.6 Chronic haemolytic anaemia

Likely
Amphetamines
L-ryptophan
Methamphetamines

Galie.N et al Eur Heart J and Eur Respir J, 2009



Arbitrary Echo Criteria for Estimation of PH
based on TRV and assumed RAP of 5 mm Hg

Galie.N et al Eur Heart J and Eur Respir J, 2009



Unlikely

Possible

. Probability of PAH Diagnosis

Yes/No No
Yes Echo F-up
No Other causes
No Echo F-up

Intermediate RH Cath
No Echo F-up*

Yes/No RH Cath

Yes/No RH Cath

* Consider also other causes
and if symptoms at least
moderate also RH cath

Galie.N et al Eur Heart J and Eur Respir J, 2009




—[ Segmental perfusion defects ] Search for
other causes

Consider Group 4: T
“’E"" - o
ﬂ‘i [Cansider other uncommon causes] T

— | v 'mPAP > 25 mm Hg

Consider errorm ki —— ® PWP< 15 mm Hg

[IMH propebly’] - \ |
o ves.
[ Specific tests ]\
__H"""f -

Clinical signs HRCT, ANA Physical, : s
PVOD [P g \\ Laboratory s [RIiEGEITENE
PCH e analysis Other group 5

Physical, \\A

TTE, us,

/ History
| cor | / - TEE,  LFT Chronic.
est CMR b Hm
Drugs J \ Porto-
Toxins Pulmonary

Endoglin (HHT]
Family history

BMPR2, ALK1, J

Galie.N et al Eur Heart J and Eur Respir J, 2009



Table I5 Parameters with established importance for assessing disease

severity, stability and prognosis in PAH

Determinants of
P
Better Prognosis - Worse Prognosis
Clinical evidence of
b RV failure =
Slow Rate of progression of Rapid
symptoms
No Syncope Yes
Ll WHO-FC v
Longer (> 500m)* oMWT Shorter [< 300 m|
Peak O, Consumption Cardio-pulmonary Peak O, consumption
= 15 ml/min/kg exercise testing < 12 ml/min/kg
BENP/NT-proBNP
Normal or near-normal plasma levels Very elevated and rising
No pericardial effusion Echocardiographic Pericardial effusion
TAPSE' > 2.0 cm findings! TAPSE' < 1.5 cm
RAP < 8 mmHg and Haemodvhamics RAP =15 mmHg or
Cl > 2.5 U/min/m? Y Cl < 2.0 L/min/m?

Galie.N et al Eur Heart J and Eur Respir J, 2009



Prognosis & Clinical Status

Determinants of Better Prognosis Worse Prognosis
*Ioandag .
Clinical evidence of
AV failure b b
Rate of progression of
symptoms siow s
Syncope No Yes
WHO-FC Lu v
SMWT Longer > 500m]* Shorter < 300 m)
Cardio-pulmonary Peak O, Consumption Feak O, consumption
exercize testing = 15 mlifmin‘lkg = 12 mlfminfikg
BMNP/NT-proBMP
St Ml MNormal or near-normal Very elevated and rising
Echocardiographic No pericandial effusion Pericardial effusion
findings! TAPSE! > 2.0 cm TAPSE' < 1.5 cm
RAF < & mmHg and RAF »15 mmHg or
Hasmodynamics €1 » 2.5 L/min/m? €1 < 2.0 L/min/m?
Stable and Stable and Unstable and

Clinical Status Satisfactory NOT Satisfactory Deteriorating

Galie.N et al Eur Heart J and Eur Respir J, 2009




Table 4 Updated clinical classification of pulmonary

hypertension (Dana Point, 2008")

1. Pulmonary Arterial Hypertension

3. PH ass with Lung Dis/Hypoxia

1.1 Idiopathic
1.2 Heritable (BMPR2, ALK1)
1.3 Drugs and Toxins

1.4 Associated with
CTD, CHD, Portal
Hypertension, HIV
infection, Schistosomiasis, Chr
onic Haemolitic anaemia

3.1 COPD

3.2ILD

3.3 Mixed restrictive and obstructive
3.4 Sleep —disordered breathing

3.5 Alveolar hypoventilation

3.6 Chronic exposure to high altitude
3.7 Developmental abnormalities

A L 1T dDAveair o~ At Tl 1 A+ +lIh A 1A | S WY

1'. Pulmonary veno-occlusive
disease and/or PCH

2. PH due to Left Heart Disease

4. CTEPH

5. PH with unclear/multifactorial Mech.

2.1 LV systolic dysfunction
2.2 LV diastolic dysfunction
2.3 Valvular heart diseases

Haematological d, Sarcoidosis, LLM,
Histiocytosis, metabolic d. (Glicogen.
Gaucher), thyroid d., tumor obstruction
F. mediastinitis, CRF & dialysis




Table 4 Updated clinical classification of pulmonary

hypertension (Dana Point, 2008")

1. Pulmonary Arterial Hypertension 3. PH ass with Lung Dis/Hypoxia

Treatment Algorithm Treatment Algorithm

4. CTEPH Treatment Algorithm

1'. Pulmonary veno-occlusive _ _ .
disease and/or PCH TA 5. PH with unclear/multifactorial Mech.

2. PH due to Left Heart Disease

Treatment Algorithm
Treatment Algorithm
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 Medline search from January 1990 to October 2008
e 23 RCTs, 3199 patients



Study
ID

Rubin-1990
Barst-1996
Badesch-2000
Langleben-2002
Simmoneau-2002
Galie-2002
Olschewski-2002
Rubin-2002
Barst-2003
Sastry-2004
Barst-2004
Galie-2005
Galie-2008
Galie-2008
Simonneau-2008
Channick-2001
Singh-2006
Galie-2006
Barst-2006
McLaughlin-2006
Hoeper-2006
Overall

All Cause Mortality

*

L J

|

*

*

*

*

1l
|

AN

N

RR (95% CI)

0.36 (0.04, 3.00)
0.06 (0.00, 0.96)
0.79 (0.22, 2.77)
1.66 (0.07, 39.30)
0.92 (0.38, 2.21)
1.00 (0.06, 15.65)
0.25 (0.03, 2.22)
0.24 (0.02, 2.60)
0.47 (0.04, 5.01)
0.39 (0.02, 8.73)
1.54 (0.06, 37.19)
1.01 (0.11, 9.55)
0.41 (0.11, 1.49)
0.99 (0.06, 15.58)
0.07 (0.00, 1.15)
(Excluded)
(Excluded)
(Excluded)
(Excluded)
(Excluded)
(Excluded)

0.57 (0.35, 0.93)

| |
.01 A

| |
10 100

0

Favors Treatments | Favors Controls  Galie N et al Eur Heart J 2009




Avoid pregnancy (I-C) General measures and supportive therapy ™ Diuretics (I-C)
Influenza and pneumococcal Oxygen* (I-C)

immunization (I-C) Oral anticoagulants:
Supervised rehabilitation (lla-B| Expert Referral (I-C) IPAH, heritable PAH and PAH
Psycho-social support (lla-C| due to anorexigens (lla-C)
Avoid excessive physical activity (llI-C) Acute vasoreactivity test [1C for IPAH) ~ APAH [iib-C)

(IIb-C for APAH) Digoxin (lIb-C|

VASOREACTIVE NON VASOREACTIVE ]

WHO-FC Hil INITIAL THERAPY
CCB (I-C) Recommendation- WHOFC WHO-FC WHO+FC
Evidence Il il Y

A Ambrisentan,Bosentan | Ambrisentan, Bosentan, Epoprostenol i.v.
Sildenafil Sitaxentan, Sildenafil
Epoprostenol i.v., lloprost inhaled
Sustained response -B Tadalafil t Tadalafil}

(WHO-FC HI) Treprostinil s.c., inhaled 1
Sitaxentan lioprost i.v., Teprostinil i.v. Ambrisentan, Bosentan,
Sitaxentan, Sildenafil, Tadalafilt,
lioprost inhaled, and i.v.

YES NO Treprostinil s.c., i.v., Inhaled t

Initial Combination Therapy
Continue CCB

Galie.N et al Eur Heart J and Eur Respir J, 2009




WHO-FC Hil INITIAL THERAPY

CCB (I-C) Recommendation- WHO-FC WHO-FC
Evidence Il ]

A Ambrisentan,Bosentan | Ambrisentan, Bosentan,
Sildenafil Sitaxentan, Sildenafil
Epoprostenol i.v., lloprost inhaled
Sustained response 2] Tadalafil 1 Tadalafilt

(WHO-FC HI) Treprostinil s.c., inhaled }

Sitaxentan lloprost i.v., Teprostinil i.v. Ambrisentan, Bosentan,
Sitaxentan, Sildenafil, Tadalafilf,
lioprost inhaled, and i.v.

YES NO Treprostinil s.c., i.v., Inhaled t

Initial Combination Therapy
Continue CCB

Sequential combination therapy (lla-B] §

7N\
BAS [IC) and/or / ’ ; \

Lung IHT: }Iantatlnn Prostanoids s + s PDE-5 |

Galie.N et al Eur Heart J and Eur Respir J, 2009



Prognosis, Clinical Status and Clinical Response

Determinants of Better Prognosis Worse Prognosis
“roanao .
Clinical evidence of
RV faifure No Yes
Rate of ion of
dALE ﬂsyﬂ:?;l.::lm m w
Syncope No Yes
WHO-FC Ln v
EMWT Longer = 500m)* sShorter (< 300 mj
Cardic-pulmonary Peak O, Consumption Feak O, consumption
exercise testing > 15 mlifminkg < 12 mlfminfkg
BMP/NT-proBNP Normit ar Peatnooml Viery elevated and rising
plasma [evels
Echocardiographic No pericandial effusion Pericardial effusion
findings! TAPSE'® > 2.0 cm TAPSE' < 1.5 cm
RAF < & mmHg and RAP >15 mmHg or
Haemodynamics cl > 2.5 Limin/m?® Cl < 2.0 L/'min/m?®
Clinical Status > Stable and Stable and Unstable and
Satisfactory NOT Satisfactory || Deteriorating

Clinical Response p | Adequate Inadequate

Galie.N et al Eur Heart J and Eur Respir J, 2009
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Bosentan & Sildenafil '
+ Epoprostenol (n = 22)

100~ 10-15 %
__ 80- \
G
.2 [
S
S 60+ LN
(0]
H wm
qC) 40 - ] ]
o
(¢b)
O 504
O | | | |
0 20 40 60 80
Time

Negro L, et al. Presented at ATS 2009.



Heart/Lung Transplantation




Heart/Lung and Double Lung Tx

Age/Gender WL DIAGNOSIS Tx Type

BG 24 yo male 4
OC 30yofemale 9
FV 26 yo male 11
KS 28yofemale 8
BL 44 yo male 2
MV 32 yo male 12

GG 28yofemale 17

viel» HLTX
Eisenmenger S. HLTX
IPAH DLTX
PVOD DLTX
SSc-PAH DLTX
IPAH DLTX
CTEPH DLTX



PH due to Left Heart Disease (group 2)

Table 31 Recommendations for PH due to left heart
disease

Statement

The optimal treatment of the underlying left heart disease is
recommended in patients with PH due to left heart disease.

Patients with “out of proportion” PH due to left heart disease
should be enrolled in RCTS targeting PH specific drugs.

Increased left-sided hilling pressures may be estimated by
Doppler echocardiography.

Invasive measurements of PWP or LV end-diastolic pressure may
be required to confirm the diagnaosis of PH due to left heart
disease.

RHC may be considerad in patients with echocardiographic
signs suggesting severe PH in patients with left heart disease.

The use of PAH specific drug therapy is not recommended in
dtients with PH due to left heart disease.

Galie.N et al Eur Heart J and Eur Respir J, 2009




PH due to Lung Diseases (group 3)

Table 32 Recommendations for PH due to lung
diseases

Statement Level®

Echocardiography is recommended as screening tool for the C
assessment of PH due to lung diseases.

RHC 15 recommended for a definite diagnosis of PH due to
lung diseases.

Ihe optimal treatment of the underlying lung disease
including long-term O, therapy in patients with chronic
hypoxaemia is recommended in patients with PH due to lung
diseases.

Patients with “out of proportion” PH due to lung diseases should
be enrolied in RCTs targeting PAH specific drugs.

The use of FAH specific drug therapy is not recommended in
patients with FH due to lung diseases.




Chronic Thromboembolic PH (group 4)

Table 33 Recommendations for chronic

thromboembolic pulmonary hypertension

Statement Class® Level®

surgical puimonary endarterectomy 6 the recommende

treatment for patients with CTEPH

Galie.N et al Eur Heart J and Eur Respir J, 2009



Robin Condliffel.Z, David G. KielyZ, ). Simon R. Gibbs?
Am ] Respir Crit Care Med Vol 177. pp 1122=1127, 2008

Surgically treated

Mon-surgical

®
-
>
b
=
v
w
-
5
E
=
-

Log-rank test, P = 0.023.

| | | I |
0.00 2.00 3.00 4,00 2.00

Years from Diagnosis




Pulmonary Vascular Diseases Center
Institute of Cardiology
Bologna University Hospital

PEA (n = 74)

T
2
>
L
3
n

NO PEA (n = 76)

Log rank test p 0.383

35 48 B0 72 &4 96 108 120 132 144 156 168
Months




Comments-1

Appropriate diagnosis of different PH clinical groups is
mandatory

Treatment strategies are extremely different among PH
clinical groups

PAH (clinical group 1) is a severe condition with a
specific drug treatment strategy and requires invasive
diagnostic confirmation and appropriate follow-up

Goal-oriented and combination therapy may optimize the
use of PAH specific medications

Despite the progresses PAH remains a severe and
chronic disease and interventional procedures such as
transplantation are often required in young patients

PEA in CTEPH operable patients is mandatory



Comments-2

¢+ Drugs approved for PAH are not indicated in patients
with left heart disease or lung diseases (benefit to
risk ratio not established)
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