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Classification of Pulmonary Hypertension

® Geneva, 1973:
15t world symposium on PH

e Evian, 1998:
2"d world symposium on PH

e VVenice, 2003:
3 world symposium on PH

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

® Nice, 2013:
5th world symposium on PH

e Nice, 2018:
6" world symposium on PH



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

|1 ldiopathic
|.2 Heritable
|.2.1 BMPR2 mutation
|.2.2 Other mutations
|.3 Drugs and toxins induced
| 4 Assoclated with:
|.4.1 Connective tissue disease
1.4.2 Human immunedeficiency virus (HIV) infection
|.4.3 Portal hypertension
| 4.4 Congenital heart disease (Table &)
| 4.5 Schistosomiasis

I". Pulmonary veno-occlusive disease and/or pulmonary
capillary haemangiomatosis
I".1 Idippathic
I'.2 Herttable
I".2.1 EIF2AK4 mutation
I".2.2 Other mutations
I".3 Drugs, toxins and radiation induced
I".4 Assoclated with:
I"4.1 Connective tissue disease
4.2 HIV infection

1", Persistent pulmonary hypertension of the newborn

1.| Left ventricular systolic dysfunction

2.1 Left ventricular diastolic dysfuncton

2.3 Valvular disease

2.4 Congenital / acquired left heart inflow/outflow tract
obstruction and congenltal cardiomyopathles

1.5 Congenital /acquired pulmonary velns stenosis

3. Pulmonary hypertension due to lung diseases andlor

I

3.1 Chronic obstructive pulmonary disease
3.2 Intersudal lung disease

3.3 Other pulmonary diseases with mixed restrictive and

obstructive pattern

3.4 Sloep-disordered breathing

1.5 Alveclar hypoventilation disorders

3.6 Chronlc exposure to high altitude

3.7 Developmental lung diseases (YWeb Table IIl)

4. Chronic thrombeembolic pulmonary hypertension

and other pulmonary artery obstructions

4.| Chronic thromboembolic pulmonary hypertension
4.1 Other pulmonary artery obstructions

4.2.1 Anglosarcoma

4.1.2 Other iIntravascular tumors

4.13 Arterids

4.2.4 Congenital pulmonary arteries stenoses

4.1.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear andlor

" hani

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

5.2 Systemic disorders, sarcoldosls, pulmonary histlocytosis,
lymphangiolelomyomatosis

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

5.4 Others: pulmonary tumoral thrombothic microanglopathy,
fibrosing mediastinitls, chronic renal fallure {with/without

dialysis), segmental pulmonary hypertansion




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

|1 ldiopathic hypaxia

| 2 Heritable 3.1 Chronic obstructive pulmonary disease

|.2.1 BMPR2 mutation 3.2 Intersudal lung disease

|.2.2 Orther mutations 3.3 Other pulmonary diseases with mixed restrictive and
|.3 Drugs and toxins induced obstructive pattern
|4 Associated with: 3.4 Sleep-disordered breathing

|.4.1 Connective tissue disease 3.5 Alveolar hypoventilation disorders

I & Hiirmaem irmeei ommdaficinmes sdene (W Snfnmtinn 8 F i " P IO T P TR |

Categorization of multiple clinical conditions into 5 groups according to their similar:
® clinical presentation
e pathological findings
e haemodynamic characteristics &
e treatment strategy

I".2.2 Other mutations 4.1.4 Congenital pulmonary arteries stenoses
I".3 Drugs, toxins and radiation induced 4.1.5 Parasites {hydatidosis)
I".4 Assoclated with:

I"4.1 Connective tissue disease

I".4.2 HIV infection

1" Persistent oul ! ension of the newl 5.1 Haematological disorders: chronic haemolytic anaemia,

- myeloproliferative disorders. splenectomy
1. Pulmonary hypertension due to left heart disease 5.2 Systemic disorders, sarcoldosls, pulmonary histlocytosis,

2.1 Left ventricular systolic dysfunction tymphangiolelomyomatosis

2.2 Left ventricular diastolic dysfunction 5.3 Metabolic disorders: glycogen storage disease, Gaucher
1.3 Valvular disease disease, thyrold discrders

2.4 Congenital / acquired left heart inflowloutflaw trace >4 Others: pulmenary tumoral thrombothic microangiopathy,
obstruction and congenital cardiomyopathles fibrosing mediastinitls, chronic renal fallure {with/without

1.5 Congenital facquired pulmonary velns stenosis dlalysis). segmental pulmanary hypertension




Updated clinical classification of pulmonary hypertension

1 PAH
1.1 Idiopathic PAH
1.2 Heritable PAH
1.3 Drug- and toxin-induced PAH [table 3)
1.4 PAH 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 long-term responders to calcium channel blockers [table 4)
1.6 PAH with overt features of venous/capillaries [PVOD/PCH)] involvement [table 5
1.7 Persistent PH of the newborn syndrome
2 PH due to left heart disease
2.1 PH due to heart failure with preserved LVEF
2.2 PH due to heart failure with reduced LVEF
2.3 Valvular heart disease
2.4 Congenital/acquired cardiovascular conditions leading to post-capillary PH
3 PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other lung disease with mixed restrictive/obstructive pattern
3.4 Hypoxia without lung disease
3.5 Developmental lung disorders
4 PH due to pulmonary artery obstructions [table &)
4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions
5 PH with unclear and/or multifactorial mechanisms [table 7)
5.1 Haematological disorders
5.2 Systemic and metabolic disorders
5.3 Others
5.4 Complex congenital heart disease
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Updated clinical classification of pulmonary hypertension

1 PAH
1.1 Idiopathic PAH
1.2 Heritable PAH
1.3 Drug- and toxin-induced PAH [table 3)
1.4 PAH 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 long-term responders to calcium channel blockers)(table &)
1.6 PAH with overt features of venous/capilaries [PVOD/PCH) involvement [table 5)
1.7 Persistent PH of the newborn syndrome
2 PH due to left heart disease
2.1 PH due to heart failure with preserved LVEF
2.2 PH due to heart failure with reduced LVEF
2.3 Valvular heart disease
2.4 Congenital/acquired cardiovascular conditions leading to post-capillary PH
3 PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other lung disease with mixed restrictive/obstructive pattern
3.4 Hypoxia without lung disease
3.5 Developmental lung disorders
4 PH due to pulmonary artery obstructions [table &)
4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions
5 PH with unclear and/or multifactorial mechanisms [table 7)
5.1 Haematological disorders
5.2 Systemic and metabolic disorders
5.3 Others
5.4 Complex congenital heart disease
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Updated clinical classification of pulmonary hypertension

1 PAH
1.1 Idiopathic PAH
1.2 Heritable PA&H
1.3 Drug- and toxin-induced PAH [table 3)
1.4 PAH 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

1.7 Persistent PH of the newborn syndrome
2 PH due to left heart disease

2.1 PH due to heart failure with preserved LVEF
2.2 PH due to heart failure with reduced LVEF
2.3 Valvular heart disease
2.4 Congenital/acquired cardiovascular conditions leading to post-capillary PH
3 PH due to lung diseases and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other lung disease with mixed restrictive/obstructive pattern
3.4 Hypoxia without lung disease
3.5 Developmental lung disorders
4 PH due to pulmonary artery obstructions [table &)
4.1 Chronic thromboembolic PH
4.2 Other pulmonary artery obstructions
5 PH with unclear and/or multifactorial mechanisms [table 7)
5.1 Haematological disorders
5.2 Systemic and metabolic disorders
5.3 Others
5.4 Complex congenital heart disease
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Table 3 Haemodynamic definitions of pulmonary

hypertension®

Pulmonary
hypertension

Pre-capillary PH

Post-capillary PH

Passive

Reactive (out of

proportion)

Characteristics

Mean PAP
=25 mmHg

Mean PAP
=25 mmHg
PWP <15 mmHg
CO normal or
reduced®

Mean PAP
=25 mmHg
PWP =15 mmHg
CO normal or
reduced®

*All values measured at rest.

® According to Table 4.

Clinical group(s)®

All

1. Pulmonary arterial
hypertension

3. PH due to lung dise

4. Chronic
thromboembolic PH

. PH with unclear and/or

multifactorial
mechanisms

2. PH due to left heart

disease

“High 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).




Table 3 Haemodynamic definitions of pulmonary
hypertension®

Characteristics Clinical group(s)®

Pulmonary Mean PAP
hypertension =25 mmHg

Pre-capillary PH Mean PAP 1. Pulmonary arterial

=25 mmHg hypertension

3. PH due to lung dise

CO normal or 4. Chronic
reduced® thromboembolic PH

. PH with unclear and/or
multifactorial
mechanisms

Mean PAP 2. PH due to left heart
=25 mmHg disease
PWP =15 mmHg
CO normal or
reduced®
Passive

Reactive (out of
proportion)

*All values measured at rest.

® According to Table 4.

“High 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).




Table 3 Haemodynamic definitions of pulmonary

hypertension®

Pulmonary
hypertension

Pre-capillary PH

Post-capillary PH

Passive

Reactive (out of

proportion)

Characteristics

Mean PAP
=25 mmHg

Mean PAP
=25 mmHg
PWP <15 mmHg
CO normal or
reduced®

Mean PAP
=25 mmHg
PWP =15 mmHg
CO normal or
reduced®

*All values measured at rest.

® According to Table 4.

Clinical group(s)®

1. Pulmonary arterial
hypertension

3. PH due to lung dise
4. Chronic

thromboembolic PH

. PH with unclear and/or
multifactorial
mechanisms

2. PH due to left heart

disease

“High 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).




Haemodynamic definition of Pulmonary Hypertension

PH

PAPm >25 mmHa

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

(Ipc-PH)

Combined post-capillary and pre-capillary PH

(Cpc-PH)

PAPm 225 mmHg
PAWP >15 mmHg

DPG <7 mmHg and/or
PVR <3 WU

DPG =7 mmHg and/or
PVR >3 WU

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

PH guidelines 2015




Haemodynamic definition of Pulmonary Hypertension

PH

PAPm 225 mmHg

All

Pre-capillary PH

N\

P
WP <I5m

|. Pulmonary arterial hypertension

3. PH due to lung diseases

4, Chronic thromboembolic PH

5. PH with unclear and/or multifactorial mechanisms

Pﬂst-caEillarz PH I

Isolated post-capillary PH

(Ipc-PH)

Combined post-capillary and pre-capillary PH

(Cpc-PH)

2\

P
~PAWP >15 mm

DPG <7 mmHg and/or
PVR <3 WU

DPG =7 mmHg and/or
PVR >3 WU

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

PH guidelines 2015




Haemodynamic definition of Pulmonary Hypertension

PH

PAPm 225 mmHg

All

Pre-capillary PH

PAPmM 2> 25 mm Hg
PAWP <15 mm Hg
PVR > 3 Wood Units

Pulmonary Arterial Hypertension

Post-capillary PH

Isolated post-capillary PH

(Ipc-PH)

Combined post-capillary and pre-capillary PH

(Cpc-PH)

PAPm 225 mmHg
PAWP >15 mmHg

DPG <7 mmHg and/or
PVR <3 WU

DPG =7 mmHg and/or
PVR >3 WU

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

PH guidelines 2015




Haemodynamic definition of Pulmonary Hypertension

PH

PAPm 225 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

=

|Ccmbined post-capillary and pre-capillary PH I

(Cpc-PH)

PAPm 225 mmHg
PAWP >15 mmHg

DPG <7 mmHg and/or
PVR <3 WU

DPG =7 mmHg and/or
PVR >3 WU

DPG

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

PH guidelines 2015




TPG (transpulmonary pressure gradient): mPAP - PAWP

DPD (diastolic pressure difference): diastolic PAP- PAWP
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Haemodynamic definitions of pulmonary hypertension

Definitions Characteristics Clinical groups®

Pre-capillary PH mPAP >20 mmHqg 1,3, 4and 5
PAWP <15 mmHg
FVR =3 WU

Isolated post-capillary PH (IpcPH) mPAP =20 mmHg 2andb
PAWPF >15 mmHqg
PVR <3 WU

Combined pre- and post-capillary PH [CpcPH] mPAP =20 mmHg 2andb5
FAWP =15 mmHg
PVR =3 WU

“Proceedings of the 6th World Symposium on PH” Eur Respir J 2018




Haemodynamic definitions of pulmonary hypertension

Definitions Characteristics Clinical groups®

Pre-capillary PH | mPAP >20 mmHag | 1,3, 4 and 5
PAWP <15 mmHg
PVR =3 WU

Isolated post-capillary PH (IpcPH) | mPAP >20 mmbg | 2andb
PAWPF >15 mmHqg

PVR <3 WU

Combined pre- and post-capillary PH [CpcPH] Lm_E&&ZD_mm_H_q_l 2and5
FAWP =15 mmHg
FVR =3 WU
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Haemodynamic definitions of pulmonary hypertension

Definitions Characteristics Clinical groups®

Pre-capillary PH mPAP >20 mmHqg 1,3, 4and 5
PAWP <15 mmHqg

PVR =3 WU

Isolated post-capillary PH (IpcPH) mPAP =20 mmHg 2andb
PAWP =15 mmHqg
PVR <3 WU
Combined pre- and post-capillary PH [CpcPH] mPAP =20 mmHg 2andb5

PAWP >15 mmH
| PVR =3 WU i

“Proceedings of the 6th World Symposium on PH” Eur Respir J 2018




Pulmonary arterial pressure during rest & exercise in healthy subjects:
a systematic review

/.- B Haemodynamics at rest (supine)

Ppa mmHg I 14.0+3.3 I

Systolic Ppa mmHg 208+4.4
Diastolic Ppa mmHg 8.84+3.0
Ppaw mmHg 8.04+29
Heart rate min™ 76+ 14

Cardiac output L-min™ 73423
Cardiac index L-min™"-m™2 41+1.3
PVR dyn-s-cm™ 74+ 30

Data are presented as weighted mean+weighted sb. Ppa: mean pulmonary
arterial pressure; Ppa: pulmonary arterial pressure; Ppaw: pulmonary arterial
wedge pressure; PVR: pulmonary vascular resistance. n=882 healthy
volunteers.

Eur Respir J 2009; 34: 888—-894
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EDITORIAL Open Access

Borderline pulmonary pressures in scleroderma -
a ‘pre-pulmonary arterial hypertension’ condition?

Gabor Kovacs < and Horst QOlschewski




Borderline Mean Pulmonary Artery Pressure in Patients With
Systemic Sclerosis

Transpulmonary Gradient Predicts Risk of Developing Pulmonary Hypertension
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Borderline Mean Pulmonary Artery Pressure in Patients With
Systemic Sclerosis

Transpulmonary Gradient Predicts Risk of Developing Pulmonary Hypertension

—~INormal
Borderline
—4= Normal censored
- Borderline censored

~Yow TPG
high TPG

== low TPG censored
high TPG censored

>
ve)

c
2
w
2
&
a
b
£
¥
-
c
o
£
3
a
c
°
-
°
a
o
-
o

Proportion with pulmonary hypertension

¥ .
44 2 Py 3 48

time to pulmonary hypertension (months) time to pulmonary hypertension (months)

Valerio CJ et al. ARTHRITIS & RHEUMATISM 2013; 65(4): 1074-84




Development of pulmonary hypertension|in a high-risk population

with systemic sclerosis in the Pulmonary Hypertension Assessment
and Recognition of Outcomes in Scleroderma (PHAROS) cohort study
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0 1 2 3 4 5
Years from entry into PHAROS

Pts who are at for PH, actually do develop definite PH during
the 6-year follow-up time period and this risk increased with time

Seminars in Arthritis and Rheumatism 44 (2014) 55-62



Survival rate (%)

Screening improves long-term outcomes In

SSc patients

1o p = 0.0037
100 = ' 81% HR = 4.15
L : 73% (95% CI 1.47 - 11.71)
90 - . : 1
|
80 — _L‘_ . I
| 64%
S | | :
60 75% .
] : Screened
50 : PAH-SSc
I (n = 16)
40 — . 31%
30 _ | 25% Routine
: . practice
. | i | 17%  pAH-SSC
! ' I n=16
O | . | .
1 year 3 years S years 8 years

Follow-up (years)
Humbert M, et al. Arthritis Rheum 2011; 63:3522-30.



Mild Elevation of Pulmonary Arterial Pressure as a Predictor of Mortality
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State of the Science in PAH

Primary Secondary .
" Tertiary prevention
prevention prevention (Current approach)
ﬂv Asymptomatic ﬂ' Symptomatic Advanced RV fallure
Risk Factors
Genetic and
¢ Pulmonary
Genomic - vessels
Environmental (100%) a—
Endogenous - 4

o
P adl

&

Fetus Child

Ann Am Thorac Soc Vol 11, Supplement 3, pp S178-S185, Apr 2014



State of the Science in PAH

Primary Secondary .
prevention prevention {gfr‘fgt’;;:f::c‘:;
ﬂ ﬂ 8 $
Asymptomatic Symptomatic Advanced RV fallure
Risk Factors
Genetic and
IR Pulmonlary .
; vessels Resting PAH only occurs after an enormous
Environmental (100%)

PVR & PAP rises, so that

Endogenous | proportion (roughly 50-70%) of the
‘ V4 \ pulmonary vascular bed is lost &
/ when a diagnosis of PAH is made,
(TS omm—— by definition,

/ Right the PVD is far advanced.

ventricular

/ mass X
7/’ - =/\_>
Fetus Child Adult

—

Time

Ann Am Thorac Soc Vol 11, Supplement 3, pp S178-5185, Apr 2014



At Symptom onset

At Diagnosis

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



In the modern management era, pulmonary arterial
hypertension remains a progressive, fatal disease
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1001 —0— PAH
—"— Controls

mPAP mmHg

0 5 10 15
CO L-min-]
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during right heart catheterization

Exercise Right Heart Catheterization
Obtain Baseline hemodynamic
Profile

Perform arm or leg exercise

PAP {mmHg)
PAP {immHg)

Goal is 85% age predicted
maximal heart rate or elevated
PCWP with symptoms

Retake measurements during
exercise including CO and PA
oxygen saturation

PCWP (mmHg)
PCWP (mmHg)

Hunter C. Champion, Evangelos D. Michelakis and Paul M. Hassoun. Circulation 2009; 120:992-1007



® |HD ©Controls ® PVD © Historical healthy volunteers
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Diagnostic algorithm (guidelines 2015)

Symptoms, signs, history suggestive of FH
Echocardiographic probability of PH (Table )
High or intermediate Low
¥ ¥

RHC (Table 10)
mPAP =15 mmHg, PAWP
421 <15 mmig, PYR >3 Wood mnits




Diagnostic algorithm (guidelines 2015)

RHC (Table 10)
mPAP =15 mmHg, PAWP
421 <15 mmig, PYR >3 Wood mnits




Algorithm for the diagnosis of PH & its causes:
triage of urgent cases & diagnosis of common conditions

Assess probability of PH

Identify high-risk
patients

Diagnaose common
causes of PH

Diagnose rare causes of PH

“Proceedings of the 6th World Symposium on PH”

C

History, symptoms, signs and/or laboratory
tests suggestive of PH

Fast-track referral of
selected patients

!

Echocardiographic probability
of PH#

Low

v

L4

h

V/Q scan abnormal

High or intermediate Consider other

causes andfor
follow-upT

v

Consider WQ scan to

screen for CTEPH*

'

Consider left heart

disease [assess pre-test

probability] and lung
diseasel

|

Mo clinically significant
left heart disease or
lung disease

|

Refer to PH expert )

centref

Eur Respir J 2018



Algorithm for the diagnosis of PH & its causes:
role of the PH expert centre

(

Management at
PH expert centre

)

Review or

CTEPH diagnostic
algorithm

Any mismatched
perfusion defect

perfarm
V/Q scan

¥

MNormal perfusion

PH not
confirmed

Multimodality
diagnostic
assessment

|

PH not
confirmed

» Consider other

causesT

CTEPH not confirmed

RHC for PH diagnosis

and haemodynarmic
characterisation

FH confirmed

¥

h 4

CTEPH confirmed

Review by
multidisciplinary PH
team=

M

b

i
onitor and

reassess

¥

PH classifiedd

h

not certain

PH classification

v

hd

Appropriate
treatment

treatmentf

Consider trial of

“Proceedings of the 6th World Symposium on PH”
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Algorithm for the diagnosis of PH & its causes:
triage of urgent cases & diagnosis of common conditions

tests suggestive of PH

( History, symptoms, signs and/or laboratory )

Assess probability of PH

Echocardiographic probability
of PH#

Identify high-risk

¥
: Fast-track referral of | Hiah or int diat Consider other
patients selected patients 'gh erintermesiate causes and/or
f,‘ follow-upT
L
| Consider W@ scan to
| screen for CTEPH*
I

:

|

II'. Consider left heart

Diagnose commeon vias bl l disease [assess pre-test

causes of PH =EAn abnermat 1 orobability) and lung
'. disease’

* .

Mo clinically significant

left heart disease or
lung disease

|

Refer to PH expert )

Diagnose rare causes of PH

centref

“Proceedings of the 6th World Symposium on PH” Eur Respir J 2018



Most Common Forms of Pulmonary Hypertension

PAH

15-30% CTEPH




Algorithm for the diagnosis of PH & its causes:
triage of urgent cases & diagnosis of common conditions

C

History, symptoms, signs and/or laboratory )

tests suggestive of PH

Assess probability of PH

!

Echocardiographic probability
of PH#

Low

v

Identify high-risk

v

¥

Consider other

causes and/or
follow-upT

L 4

High or intermediate

Consider W@ scan to

screen for CTEPH*

'

_ Fast-track referral of
patients selected patients
|'I
I
|
|
. A
Diagnose commaon

V/Q scan abnormal

causes of PH

Consider left heart
disease [assess pre-test

probability] and lung

diseasel

y

Mo clinically significant
left heart disease or

lung disease

Diagnose rare causes of PH

“Proceedings of the 6th World Symposium on PH”
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Typical examples of heart remodeling in different types of PH
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Algorithm for the diagnosis of PH & its causes:
triage of urgent cases & diagnosis of common conditions

History, symptoms, signs and/or laboratory
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Perfusion upon presentation Perfusion after 6 months

34% 0%
Defect Defect

62%

Defect Defect
43%

Defect Defect

Curr Opin Pulm Med 2013, 19:422-429




Algorithm for the diagnosis of PH & its causes:
triage of urgent cases & diagnosis of common conditions
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Algorithm for the diagnosis of PH & its causes:
role of the PH expert centre

(

Management at
PH expert centre
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Algorithm for the diagnosis of PH & its causes:
role of the PH expert centre

Management at
PH expert centre
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Haemodynamic definitions of pulmonary hypertension

Definitions Characteristics Clinical groups®

Pre-capillary PH mPAF >20 mmHg 1,3, 4 and 5

| PAWP <15 mmHg |

FVR =3 WU

Isolated post-capillary PH (IpcPH) mPAP =20 mmHg 2andb

PVR <3 WU

Combined pre- and post-capillary PH [CpcPH] mPAP >20 mmH 2and5
| PAWP >15 mmHg
PVR =3 WU

“Proceedings of the 6th World Symposium on PH” Eur Respir J 2018
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Potential misclassifications between pre- and post-capillary pulmonary
hypertension depending on the method of PAWP reading

Digitized mean

Risk of misclassifying
post- as precapillary PH:

End-expiratory

Risk of misclassifying
30? pre- as postcapillary PH:
= 0 ~2NO
(Ryan et al. 2012) =30%
(Levargeetal. 2014)

Expiration
\ - igIEEECINEan End-expiratory mean / \\
’\V‘\.'/" \’/ \ n /\\/\ J/\/\w ; v :
\r{/‘ﬂ'}.\,/‘%
PAWP Pressure Tracing
Inspiration

S. Rosenkranz et al. Eur Heart J. 2016;37(12):942-54



PAWP at end exhalation mmHg
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Algorithm for the diagnosis of PH & its causes:

role of the PH expert cent

re

Management at
PH expert centre
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Criteria favouring group 1 versus group 3 pulmonary hypertension (PH)

Criteria favouring group 1
(PAH)

Testing

Criteria favouring group 3
(PH due to lung disease)

Extent of lung disease

Normal or mildly impaired:
e FEV1>60% pred (COPD)
* FVC >70% pred (IPF)
¢ Low diffusion capacity in relation
to obstructive/restrictive changes

Pulmonary function testing

Moderate to very severely impaired:
e FEV1<60% pred (COPD]
* FVC <70% pred (IPF)
¢ Diffusion capacity “corresponds”
to obstructive/restrictive changes

Absence of or only modest airway or
parenchymal abnormalities

High-resolution CT scanf

Characteristic airway and/or
parenchymal abnormalities

Haemodynamic profile

Moderate-to-severe PH

Right heart catheterisation
Echocardiogram

Mild-to-moderate PH

Ancillary testing

Present

Further PAH risk factors
(e.g. HIV, connective tissue disease,
BMPRZ mutations, etc.)

Absent

Features of exhausted circulatory
reserve:
e Preserved breathing reserve
¢ Reduced oxygen pulse
* Low CO/V'0, slope
* Mixed venous oxygen saturation at
lower limit
* No change or decrease in Paco,
during exercise

Cardiopulmonary exercise test*

(Peco, particularly relevant in COPD)

Features of exhausted ventilatory
reserve:

* Reduced breathing reserve

¢ Normal oxygen pulse

* Normal CO/Vo, slope

* Mixed venous oxygen saturation

above lower limit
* Increase in Paco, during exercise

Predominant haemodynamic profile

Predominant obstructive/restrictive profile

Proceedings of the 6th World Symposium on Pulmonary Hypertension. Eur Respir J 2019; 53: 1801914




Pre-Capillary, Combined, and Post-Capillary Pulmonary Hypertension
A Pathophysiological Continuum?

CENTRAL ILLUSTRATION: Pulmonary Hypertension in Typical PAH, Atyp-
ical PAH, and HFpEF

“Typical IPAH" "Atypical IP PH-HFpEF

Sde Effects of Targeted PAH-therapy?

Opitz, CF. et al. J Am Coll Cardiol. 2016;68(4):368-78.




3.0+ 2.1 Specialist
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Cardiologist and a

Referral t
Respirologist + Other Sn g

Specialist PHT

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

5 General diagnosis during this
Practitioner time

(GP) visits

First Medical along the

Contact; ~ 12

journey
months after
initial

symptom

onset é

First Symptom, Time From

96% W RHC to 1%
breathlessness Medical

on exertion therapy

1.3+0.69
Days

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

> —

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




Collaboration: PH Care- Local Care

Patient

support groups

Cardiolo Rheumatolo
9 ¢ 9 Primary care
Research Surgeons — PEA EMS ¢ Rheumatology
coordinators & Transplant Rehabilitation
Social work Mental health programs Local -a— Pulmonary
specialists Care
/ ? ? \ Cardiology -4— L ocal hospitg

Pulmonary Dieticians

Nurse Hospice/

clinicians  palliative care

JACC 2015;65:1976-97



