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Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 8)

High or intermediate Low

Consider left heart disease and lung diseases Consider other causes
h'ur mmntumg‘ g|g|'|g‘ risk factors, ECG, andfor fﬂ"DW-I.IP {Tahle 9}
FFT+DLL‘ﬂ chact vadiograph and HRCT,

arterial blood gases ,Table 9)

Diagnosis of left heart diseases or
lung diseases confirmed?

No signs of severe
PHI/RY dysfunction

Signs of severe PH/RY
dysfunction

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

Treat underlying
disease

Y expert centre v

Yes Refer to PH No

2015 ESC/ERS



v'Spirometria semplice

v'Spirometria globale
(pletismografia)

v'DLCO
(singolo respiro)




Lung function in pulmonary hypertension

AT. Low ", ARL Medford ", A.B. Millar ¢, RM.R. Tulloh ?

* University Hospitals Bristol NHS Foundation Trust Upper Maudiin Street, Bristol. United Kingdom
Y North Bristol Lung Centre, Southmead Hospital, Southmend Road, Bristol, United Kingdom
© Academic Respiratory Unit, Southmead Hospital, Southmeod Rood, Bristol, United Kingdom

Age: 50 Height(cm): 164 Weight(kg): 55.0

Gender: Femm. RaceCaucasica

. Ref Pre Pre
Splrometry Meas % Ref
VC Litri 3.06 2.67 87
FvVC Litri 3.08 2.67 87
FEV1 Litri 2.63 2.16 82
FEV1/FVC % 80 81
FEV1/SVC % 81
PEF L/sec 6.41 5.57 87
FEF25-75%L/sec 3.27 2.16 66
FEF25% L/sec 563 5.52 98
FEF50% L/sec 3.93 3.66 93
FEF75% L/sec 1.58 0.83 53
Lung Volumes )
TLC Litri 5.03 4.34 86
RV Litri 1.77 1.68 95
RV/TLC % 36 39
FRC PL Litri 2.72 3.07 113
FRC N2  Litri 2.72
Raw cmH20/L/sec <2.24 2.14
sRaw cmH20/L/s/L 719
Diffusion
l DLCO mL/mmHg/min  24.6 11.3 46
J mL/mmHg/min- 246 Tt 75
DLCONA mL/mHg/min/L 4.88 2.88 59
DL/VA Adj mL/mHg/min/L 4.88 2.88 59
VA Litri 5.03 3.9 78

Post Post Post
Meas % Ref % Chg
Flusso

Respiratory Medicine, 2015



Il ruolo della DLCO

v Consente di valutare la capacita di diffusione dei
gas 02 e CO2 attraverso la membrana alveolo-
capillare. Il test di diffusione valuta l’integrita di
tale membrana.

v Si sfrutta monossido di carbonio, gas che ha
un’elevata affinita per I’'emoglobina e il cui
trasferimento e limitato quindi unicamente dalla
diffusione

Lo scambio gassoso in un alveolo

Flusso aereo

Dall'arteria B Alla vena
polmonare 3 polmonare

Globuli rossi N
.~ Diffusione P
* dell’'ossigeno

< g
&

Capillare — &

L'ossigeno
entranei __ 5
globuli rossi

Diffusione
della

anidride 4
carbonica

L'anidride carbonica
2 si concentra
nell'alveolo

v Il test di diffusione del monossido di carbonio viene effettuato facendo inalare
al soggetto una miscela con CO a bassissime concentrazioni (0.3%) ed elio (He)
ad una concentrazione del 10% mediante respiro singolo.



SERIES “ATS/ERS TASK FORCE: STANDARDISATION OF LUNG
FUNCTION TESTING”

Interpretative strategies for lung
function tests

R. Pellegrino, G. Viegi, V. Brusasco, R.O. Crapo, F. Burgos, R. Casaburi, A. Coates,
C.P.M. van der Grinten, P. Gustafsson, J. Hankinson, R. Jensen, D.C. Johnson,
N. Macintyre, R. McKay, M.R. Miller, D. Navajas, O.F. Pedersen and J. Wanger

lieve <80% e 2 60%
media <60%e 240%
elevata <40%

75% dei pazienti con PAH ha una DLCO < 80%
DLCO 59-71%

ATS/ERS, 2005
Respiratory Medicine, 2015



DL;o come % Do a TCL
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Loss of alveolar membrane diffusing capacity and
pulmonary capillary blood volume in pulmonary

arterial hypertension

Samar Farha'’, Daniel Laskowski'”, Deepa George”, Margaret M Park™, WH Wilson Tang®, Raed A Dweik'”

and Serpil C Erzurum'~

Equazione di Roughton e Forster:
1/DL=1/Dm + 1/6xVc

DL =DLCO
Dm= capacita di diffusione di membrana

Vc = volume capillare
© = reazione del CO con il sangue (corretta per la
concentrazione emoglobinica)

Respiratory Research 2013




Variable Healthy PAH p-value
N=41 N=28
Age (years) 4 +2 45 +37 <0.01
Gender (M/F) 17/24 6/22 0.09
Smoking history (never/curent/ 40/041 24/1/3 0.1
ex smoker)
Height (cm) 169 £1 167 £3 03
Weight (kg) 79 £3 89 £7 0.2
O, Saturation (% of Hab) 98 +0.2 g6 +0.4 <0.01
FEuo (ppb) 19 +2 18 +2 07
FVC (%) a8 +2 91 £3 02
FEV, (%) 93 £2 g0 =4 <0.01
FEV,/FVC 81 £1 75 £1 <0.01
TLC (%) 85 +£2 82 £2 04
Va (L) 49 02 43 02 0.1
(DlLco (ml/min/mmHg) 24 +1 17 41 <0.01
DLug (ml/min/mmHg) G4 +4 60 5 <0.01
D, (ml/min/mmHg) 48 +£2 i3 £2 <001
\‘-.f.-__ () /8 £4 63 5 -rrJ.m)
Dw/Ve (1/min/mmHg) 0.6 £002 06 £004 038
Hab (g/dl) 133 £03 135 04 09

4 Dm

ispessimento della membrana
alveolocapillare per processi
fibrotici e proliferativi

edema interstiziale

J Vc

v resistenze vascolari
v'J output cardiaco

trombosi locale
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P DLCO e O
E’ DLNOO© E
E 30k 160 9 Table 3 Changes over time in the PAH group
= S Variable Estimated unit/year Wilcoxon SR
= é“ change p-value
= =3
_— E FEV; (ml) —144 0.1
8 20 i ?/H ) 40 g FEV] [%} -3 012
5| % FVC (ml) —190 0.2
— %, - 0.2
10 1 1 1 20 FVC (%) >
FEVW/FVC 038 04
80 e 100 Vy (ml) 20 04
S \co FEno (ppb) 05 04
E TLC (%) 0.7 0.5
c 60 480 < (Do (ml/min/mmHg) -1.2 0.7
I= o DLy (ml/min/mmHg) 24 001 |
E 3 |D. (mi/min/mmHg) 12 001
E 40r 160 V_(ml) K 0.07
& Dpn/V,. (1/min/mmHg) ~04 0,04
- Hgb (g/dl) 005 06
ool . L 140 > |

Respiratory Research 2013



Severely reduced diffusion capacity In
idiopathic pulmonary arterial
hypertension: patient characteristics and
treatment responses

Pia Trip', Esther J. Nossent', Frances S. de Man'?, Inge A.H. van den Berk?,
Anco Boonstra', Herman Groepenhoff', Edward M. Leter*, Nico Westerhof'?,
Katrien Grinberg®, Harm-Jan Bogaard' and Anton Vonk-Noordegraaf!

DLco <&45% pred DLco =45% pred p-value

Survival years 0.002°
1 g7 95
3 04 86
5 38 80

Eur RespirJ, 2013



Demographics oo <45% pred Dico =45% pred p-value
Patients n 48 118
Age at diagnosis years &7 [53-75) 46 [35-60) <0.001
Sex male 24 [50) 22 [19] 0.013
Body mass index kg-m’ 2o d 2T+h U035
Smoking 33177 54 [48) 0.033
Current smoker B1%] 20 [18) 0.7565
Eormer smoker Lol a4 1300 [0ss
[ Pack years 25 [D-40) 0 [0-13) 0.009
l Coronary disease 13 [27] 11(1) 0.008
Hypertension 14 [2%) 26 [22) 0.207
Diabetes mellitus 12 [25) 11 (%) 0,513
Thyroid disease 4 [8) 12 (10} 0.701
FPulmonary disease
COPD [GOLD [-1) 5 (101 & (8] 0.845

TABLE 2 Computed tomography findings in patients according to the diffusing capacity of the lung for carbon monoxide (DLco)

Presence of fibrosis

Presence of emphysema

DiLco <45% pred®

Dico >45% pred’

None id Mum None Mild Moderate
None 14 (32) 9121] 8 (18] b4 (67] 24 (25) 4 [4)
Mild 3(7) 4(9 1(1) 1101) 1(1)
Moderate 0 (0] 2 (5] 0 (0] 11(1) 0 (0] 0 (0]
WHO functional class 0.050%
| 0 [0 & (&)
1 g121] 32 [29)
HI 27 161) &1 [56)
IV 8(18) 10 (%)
Pulmonary function .
FEV1 % pred B5+16 71 +16 0.010"
FVC % pred 94+ 16 192:1? 0.2067
FEVi/FVC % a8+ 9 Th+5 <0.0017
TLC % pred @2+16 99 +12 0.0047
Vi % pred 78414 85 + 11 0.001"

Eur RespirJ, 2013



Predicting Survival in Pulmonary Arterial Hypertension

Insights From the Registry to Evaluate Early and Long-Term Pulmonary
Arterial Hypertension Disease Management (REVEAL)

Raymond L. Benza, MD; Dave P. Miller, MS; Mardi Gomberg-Maitland, MD, MSc;
Robert P. Frantz, MD; Aimee J. Foreman, MA; Christopher S. Coffey, PhD; Adaani Frost, MD;
Robyn J. Barst, MD; David B. Badesch, MD; C. Gregory Elliott, MD:;

Theodore G. Liou, MD; Michael D. McGoon, MD

Table 2. Variable Coefficients for the Linear Component of the Cox Model

Additions and Subtractions to Linear Component of Equation

WHO group | subgroup FPAH, +0.7737

Demographics and comorbidities Male >60 y of age, +0.7779

NYHA/WHO FC FC I, —0.8740
Vital signs SBP <110 mm Hg, +0.5128
6MWD test 6MWD =440 m, —0.5455

BNP BNP <50 pg/mL or N-terminal-proBNP

APAH-PoPH, +1.2801
Renal insufficiency, +0.6422
FC lll, +0.3454
Heart rate =92 bpm, +0.3322
6MWD <<165 m, +0.5210

BNP =180 pg/mL or N-terminal-proBNP
=>1500 pg/mL, +0.6791

APAH-CTD, +0.4624

FC IV, +1.1402

<300 pg/mL, —0.6922
Echocardiogram
| Pulmonary function test

% Predicted DiLco =32%, +0.3756

Any pericardial effusion. +0.3014

% Predicted Dico =80%, —0.5317
Right heart catheterization mRAP =20 mm Hg within 1 year, +0.5816
(mm Hg, Wood units)

PVR =32 Wood units, +1.4062

APAH indicates associated PAH; FC, functional class; FPAH, familial PAH; mRAP, mean right atrial pressure; PoPH, portopulmonary PAH hypertension; PVR,

pulmonary vascular resistance; and SBP, systolic BP.

Circulation 2010




Lung function in pulmonary hypertension

AT. Low * ", ARL Medford ", A.B. Millar ¢, RM.R. Tulloh *

* University Hospitals Bristol NHS Foundation Trust Upper Maudiin Street, Bristol. United Kingdom
Y North Bristol Lung Centre, Southmead Hospital, Southmend Road, Bristol, United Kingdom
© Academic Respiratory Unit, Southmead Hospital, Southmeod Rood, Bristol, United Kingdom

j Pre Pre
Spirometry Meas % Ref
e Litri 247 31T 128
[V Li#ri 248 31T 128
FEV Liri 205 209 w2
FEVIFVC % 74 &
FEV1ISVC % ' &
PEF Lisac 574 & 109
FEF25-75%Lisac. 236 11 &
FEF28% Liset 503 14 122
FEFS0% Lisec 330 17 5
FEFTS% Lisec o8 03 38
Lung YVolumes
TLC g Lari 523 524 100
RY Litri 22T 2 or -3
RVITLE % 45 38
FRCPL  Liti 282 e 18
FRCMZ  Litri 282
Raw emHZ0Misec <224 1686
sRaw ermH2OLSL 688
——
oLCO miLimmigimin 212 B9 13
DLCONA mUimHgiminl .05 16 M
DUNVA Adj mUmHgiminl. 405 15 &
A Litri 5 2y a17 . 1]

Maximal Respiratory Pressures

Plmax  omH20 &4

PEmax cmH20 128
A Lirmin
Wolume

4

3 H

2

1

o+ 1

A o 1 2 1'

Respiratory Medicine, 2015

Post Post
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20-50% dei pazienti
Deficit restrittivo
J TLC fino al 64%

\_

20-40% deficit ostruttivo
FEV1/FVC < 70%
76% vs 84% p < 0.001

~N

J




Scambi gassosi nella IPAH

Ipossiemia lieve moderata pa02 72 + 13 mmHg nelle donne
pa02 70+ 13 mmHg negli uomini
Ipocapnia lieve moderata paCO2 31 5 mmHg nelle donne

paCO2 30 + 6 mmHg negli uomini

Hoeper, Eur Respir J, 2007



Prognostic value of blood gas analyses in
patients with idiopathic pulmonary
arterial hypertension

M.M. Hoeper, M.W. Pletz, H. Golpon and T. Welte

paCO2 232 paCO2 < 32 10— L._L ________ paCO2 < 32 mmHg
<0,001
(p ) 0.8 4 h'—|
1anno 98 86 1_|—
0.6 4 ,
2 anni 82 69 :
0.4
3 anni 80 51
0.2 4
5 anni 77 41
8 anni 65 12 T % @ e s 160 120
Months

Eur RespirJ, 2007



paCO2 =32 paCO2 < 32
(p<0,001)
10

1 anno 95
2 anni 86
3 anni 83
5 anni 83
8 anni 78

Hoeper, Eur Respir J 2007
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1 y.\-1R 8 Correlations between blood gases at rest,
haemodynamics and 6-min walking distance

(6MWD)
6MWD RAP mPAP PVR SV,02
Pa,0,
r 0208 D269 0.108 0.008 0.161 0.227
p-value 0.001 0.007 NS NS NS 0.026
>

] 0104 D054 -0.049 0.235 0.185 0.226
p-value NS NS NS 0.019 NS 0.026

Hoeper, Eur Respir J 2007




ATS/ERS, 2015

|. Pulmonary artenal hypertension

|1 ldiopathic
|.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 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

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

I".1 Idiopathic
I".2 Heritable
I".2.1 EIFZAK4 mutation
|".2.2 Other mutations
I".3 Drugs, toxins and radiation induced
I".4 Associated with:
I".4.1 Connective tissue disease

I".4.2 HIV infection




Sclerodermia
J DLCO

v'Secondaria all’ —>  Volumi nella norma

interessamento isolato della " 3
componente vascolare

Test
immunosierologici




Sclerodermia
J DLCO

v'Secondaria all’ >  Volumi nella norma
interessamento isolato della
componente vascolare

v'secondaria all’interessamento > Volumi nella norma

parenchimale Sindrome restrittiva




Age: 58 Height(cm): 157 Weight(kg): 58.5 Gender: Femm. RaceCaucasica Birth Date 13/03/1956

. Ref Pre Pre Post Post Post
Spirometry Meas % Ref Meas % Ref % Chg
VC Litri 2.53 2.29 91
FVC Litri 2.56 213 83
FEV1 Litri 215 1.71 80
FEV1/FVC % 78 81
FEV1/SVC % 75
PEF L/sec 5.78 493 85
FEF25-75%L/sec 2.91 1.94 67
FEF25% L/sec 5.21 491 94
FEF50% L/sec 3.56 420 118
FEF75% L/sec 1.31 0.54 42
Lung \Maliimes
l TLC Litri 457 3.31 73 ]
v t=tre S 4=02 &8
RV/TLC % 39 31
FRC PL Litri 2.57 1.60 62
FRC N2  Litri 2.57
Raw cmH20/L/sec <2.24 1.31
sRaw cmH20/L/s/L 2.96
DIfquIUI 1
DLCO mL/mmHg/min  21.7 5.6 26
247 =5 25
DLCONA mL/mHg/min/L  4.75 2.05 43
DL/VA Adj mL/mHg/min/L  4.75 2.05 43

VA Litri 457 272 60

Chicen




3. Pulmonary hypertension due to lung diseases andlor
hypeoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstidal lung disease

3.3 Cther pulmonary diseases with mbxed restrictive and

obstructive pattern
34 Sleep-disordered breathing
3.5 Alveclar hypovendladon disorders

3.6 Chronic exposure to high altitude
3.7 Developmental lung diseases (Web Table 11l

4. Chronic thromboembolic pumeonary hypertension
and other pulmonary artery obstructions

4.1 Chrenle thromboembolic pulmanary hypertansion
4.2 Cther pulmonary artery cbstructons

4.2.] Anglosarcoma

4.22 Other Intravascular tumors

4.23 Arterits

4.2.4 Congenltal pulmonary arterles stenoses

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with unclear and/or
multifactorial mechanisms
&.1 Haematological diserders: chrenlc haemalytic anasmia,
myelopreliferatve disorders, splenectomy
5.2 Systemic disorders, sarcoldosis, pulmenary histlocytosls,
kymphanglclelormyomatosis
5.3 Merbelic disorders: glycogen storage disease, Gaucher
disease, thyrold disorders
&4 Cthers: pulmonary mmoral thrombothic microangiopathy;
fibrosing mediastinitls, chronie renal fallure (with/without

dialysis), segmental pulmenary hypertension




Kco ridotto /VA normale Kco ridotto/ VA ridotta

Meccanismi Condizioni cliniche Meccanismi Condizioni cliniche
fisiopatogenetici fisiopatologici
Distruzione del Ipertensione Distruzione Enfisema (ridotto
microcircolo polmonare alveolare volume alveolare
idiopatica accessibile)
vasculiti Distruzione Malattia
alveolare interstiziale diffusa
del polmone con
fibrosi
Rimodellamentoe  Sindrome Distruzione del Bronchiolite
dilatazione del epatopolmonare microcircolo obliterante
microcircolo
MAV Grave SCC

DLCO = Kco x VA
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Rif  Migl.
DLCO 20.6 157
DL Adj 206 157
DLCOMVA 599 3.28
VA 4.78
DL{VA Adj 3.28

Severita | FEV1 %del predetto

Lieve

Moderata
Moderata-severa
Severa

Molto severa

% Rif 1
76 15.7
76 15.7
by 3.28

4.78
3.28

>70
60-69
50-59
35-49

<35

b Manmam ‘ wu

. Deficit ostruttivo

Wolume (1)

ATS/ERS 2005

Tarenn

Deficit restrittivo




Age: 66 Height(cm): 165 Weight(kg): 85.0

" Ref

Spirometry
vC Litri 2.69
FVC Litri 2.70
FEV1 Litri 2.27
FEV1/FVC % 77
FEV1/SVC %
PEF L/sec 5.98
FEF25-75%L/sec 2.74
FEF25% L/sec 5.26
FEF50% Lisec 3.55
FEF75% L/sec 1.19

Lung Volumes
TLC Litri 5.10
RV Litri 2.04
RV/TLC % 41
FRCPL  Litri 2.76
FRC N2  Litri 2.76
Raw cmH20/L/sec <2.24
sRaw cmH20/L/s/L

Diffusion

DLCO mL/mmHg/min  22.5
DL Adj mL/mmHg/min  22.5
DLCONA mL/mHg/min/L 4.41
NI A/A Adi 1 4 4

Pre
Meas
1.58
1.56
1.22
78
77
5.84
1.43
4.07
5.23
0.46

2.88
1.30

45
1.55

3.35
6.72

Gender: Femm. RaceCaucasica

Pre
% Ref
59
58
54

98
52
77
147
38

57
64

56

26
26
74

Post
Meas

Post
% Ref

Post
% Chg

Birth Date 27/06/1949

IPF




Age: 73 Height(cm): 163 Weight(kg): 43.0 Gender: Masch. Race: Caucasica Hb:

; Ref Pre Pre Post Post Post
Spirometry Meas % Ref Meas % Ref % Chg
vC Liters 3.25 147 45
FvC Liters 3.15 1.36 43
FEV1 Liters 2.40 0.42 18
FEVI/FVC % 74 31
FEV1/SVC % 82 29
PEF Usec 7.02 1.67 24
FEF25-75% L/sec 272 0.15 6
FEF25% Lsec 6.31 0.27 4
FEFS50% Lsec 356 0.17 5
FEF75% Lisec 1.02 0.09 9
Lung Volumes
e Liters 5.94 761 128
RV Liters 2.51 614 244
RVTLC % 42 81
FRCPL Liters 338 687 203
Raw cmH20/LU/sec <2.24 13.49
sRaw cmH20/Us/L 87.29
Diffusion
DLCO mU/mmHg/min  21.7 32 15
DL Adj mUmmHg/min 21.7 3.2 15
DLCONVA mU/mHg/min/L 3.65 1.65 45
DU/VA Adj mUmHg/min/L 3.65 1.65 45
VA Liters 5.94 1.95 33
Maximal Respiratory Pressures
Pl max cmH20 103
PEmax c©mH20 193
MWV Umin 77 2l
Volume
4 e
11 \
3 | ‘;\-'L‘r—‘.- -
T 0 \ WT_HJ:?ﬁ_‘ °
EoNL Enfisema
4 - - Ey s Y,
1+  puser B RS . .
/‘”j_’_’df;r _ 27
0 4 6 7 8
-1 0 1 2 3Tempo 5 3.

-0. ] 0 1.0 15 20
Comments: 05 00 \?olume



Pseudonormalizzaz

: B0 Pré  Pre
Spirometry Meas % Ref
Ve Litr am 43 1S
FVC Litri as 4.3 119
FEV1 Lifri 278 i1e 1e
FEVIFVC % 74 74
FEVI/SVE % . T4
PEF Lisec 753 800 108
FEFZ5-T5% 298 283 &9
FEF25% Lisec BT 648 8
FEF50% Lisec 38s 75 98
FEFTS% Lisec 125 100 =0
Lung Volumes
TC Litri 850 582 90
RV Litri 25 1.5 58
RVITLC % 42 -}
FRCPL  Liti 353 T -
FRCMZ Liti isa
Faw cmH2OMLise: <224 104
SREW emHZ0LisL £ 45
Diffusion
DLCO mLimmiHgimin 244 59 24
DL Adj mLimmHgimin 244 59 24
DLCONVA  mbUmHgminl 376 1058 28
DLAVA Adi mLimHgiminl 378 105 28
VA, Litri 650 SE2 BB
Maximal Respiratory Pressures
P1 rmax emH20 104
PEmax cmH20 185
MY Lirmin
Violume
4
3 =
z i
|
14
G2 TR SRS TR I R B
- Yempo

Post
Llags

ione spirometrica

T

Flusso
15

12+

Volumi statici e dinamici nella norma
Severa riduzione della DLCO
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Test da sforzo: severita e prognosi in PAH

Table 15 Recommendations for evaluation of the
severity of pulmonary arterial hypertension and
clinical response to therapy

Recommendations Class" | Level”| Ref”

It is recommended to evaluate the
severity of PAH patients with a panel of
data derived from clinical assessment,
exercise tests, biochemical markers and
[echocardiographic and haemadynamic

It is recommended to perform regular
follow-up assessments every 3—6
months in stable patients (Table 14)

el

Achievement/maintenance of a low-risk
profile (Table 13) is recommended as an
adequate treatment response for
patients with PAH

96-99

Determinants of prognosis®

Intermediate risk 5-10% High risk >10%
(estimated |-year mortality) S igh

Clinical signs of right heart failure Al Present
Progression of symptams
Syncope
WHO functonal class L0
MWD =440 m
Peak V03 =15 mifrinfkg Peak'i0,
Cardiopulmonary exercite testing {*65% pred.) 11-15 reilivindkyg (35—-65% pred.)
YENVCO, slope <36 VEVCO; shope 36—44.9
BMP <50 ngfl BMP 50-300 ng
N HproBNF pham Lk MT-prafNP <300 ngll MT-proBNF 3001400 ngfl

RA area 1B-26 em?
Me or minimal, pericandial
effusion

RA area <18 em?

Imaging (echacardiography, CMR. imaging) No pericardial effusion

Achievement/maintenance of an
intermediate-risk profile (Toble 13)
should be considered an inadequate
treatment response for most patients
with PAH

599

RAF <8 mmHyg RAP 814 mmHg
Haemadynarmics Cl 225 Urninire® Cl 2.0-2.4 limin/m*
Sv; >65% vy 60-65%




Test da sforzo: severita e follow up in PAH

Table 15 Recommendations for evaluation of the
severity of pulmonary arterial hypertension and
clinical response to therapy

Recommendations Class" | Level” | Ref®

It is recommended to evaluate the
severity of PAH patients with a panel of
data derived from clinical assessment,
exercise tests, biochemical markers and
echocardiographic and haemodynamic
evaluations (Tables 17 and 14)

It is recommended to perform regular
follow-up assessments every 3—6
mnths in stable patients (Toble 14)

94

Achievement/maintenance of a low-risk
profile (Table 13) is recommended as an
adequate treatment response for
patients with PAH
Achievement/maintenance of an
intermediate-risk profile (Table 13)
shiould be considered an inadequate
treatment response for most patients
with PAH

699

96-99

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

At baseline Ewery 1-6 Every 6-11 31— months after In case of clinical
rmanths® rrvonths® changes in therapy®* worsening
e T * * * * *
ECG + + + + +
SMWTiBorg dyspnoea score 5 + + + +
CPET + + +
Echo + + + +
Basic kbt + + + + +
Extended lab™ + + +
Blood gas analkysis! + + + +
Right heart catheterizdon + + + +




6MWT

Semplice, poco costoso, accettato da autorita regolatorie (sintomi e

capacita funzionale)

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)
End-point primario piu usato (bosentan, ambrisentan, sildenafil, tadalafil,
treprostinil....)

Dati basali associati a prognosi



6MWT e prognosi in PAH

FIGURE 1 Relationship between the
mean 6-min walk distance at baseline
and the rate of fatal events during
follow-up. Reproduced from [24] with
permission from the publisher.
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Macchia et al. Am Heart J 2007; 153: 1037-1047




Determinants of prognosis®
(estimated |-year mortality) Intermediate risk 5-10% High risk >10%

Clinical signs of right heart failure A Present
Progression of symptoms Rapéd
Syncope Repeated synoopes
WHO funcrional class LI I

MWD =440 <145 m

Peak W0y =15 millminfkg Peak¥Oy

Cardiopulmonary exercite testing (=65% pred.) 1 1-15 mbirninfkg (35-65% pred.)
WENCO, slope <36 WEWCO: dope 36—44.9

BNP <50 ngfl BNP 50-300 ngh 00 ng
NN plern ek NT-proBNP <300 ngl NT-proBNP 300-| 400 ngl NTproBNP > 1400 ngf

RA area <18 en? RA area |B-26 cra?

Imaging (echocardiography, CMR imaging) s pericaniial elinion M or minimal, pericardisl

RA area >26 om®

Pericardial efusion

RAP <8 mmHg RAP 814
Haemodynamics Cl 2.5 Venindm® Cl 2.0-2 4 minfm*
iy »65% Sy B0-65%

Predicting Survival in Pulmonary Arterial Hypertension

Insights From the Registry to Evaluate Early and Long-Term Pulmonary
Arterial Hypertension Disease Management (REVEAL)

Raymond L. Benza, MD; Dave P. Miller, MS; Mardi Gomberg-Maitland, MD, MSc;
Robert P. Frantz, MD; Aimee J. Foreman, MA; Christopher S. Coffey, PhD; Adaani Frost, MD;
Robyn J. Barst, MD; David B. Badesch, MD; C. Gregory Elliott, MD;

Theodore G. Liou, MD:; Michael D. McGoon, MD

McLaughlin al. JACC 2015; 65: 1976-97



The need to move from 6-minute walk
distance to outcome trials in pulmonary
arterial hypertension

Sean Gaine' and Gérald Simonneau?

«ceiling effect»

Poco specifico (frailty, decondizionamento,...)
Poco utile in «add-on» terapia

Nessuna informazione sulla fisiopatologia
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Fig 1 - Comp normal and at
cardiac output; HG, healthy control; PAF, pulmonary artery pressure; PH, pulmonary hypertension.

4

il pulmonary arterial vessel response to acute exercise. Abbreviations: CO,

Galie N., Manes A,

Test da sforzo cardiopolmonare: peakVO,_

MUSCLE 0, £ CO,  VENTILATION
ACTIVITY ~ TRANSPORT (Va+ Vo =Ve)
PERIPH. PULM.

AT,
( ]M'.ru'._l[u ]:.;I
Qo,

® Right ventricle dilatation
® Functional tricuspid valve regurgitation

Wk
Right ventricle dysfunction* Skeletal muscle dysfunction’
#® Afterload mismatch ®  capillarization

® Joxidative enzyme activity
® Muscle fibers hypotrophy

Respiratory

muscles

Exercising
muscles

Low cardiac output WIQ mismatching

Low oxygen supply Low oxygen uptake

Exercise limitation

Palazzini M. Eur Heart J 2016: 37 45-48
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Determinants of prognosis®

Intermediate risk 5-10% High risk >10%
(estimated 1-year mortality) SRS igh

Clinical signs of right heart fallure A Present
Progression of symptoms M Rapéd
Syncope M Repeuted synoopet
WHO funcrional class LI Iv
MWD =440 m | 65—440 m <|65 m

Peak YO, =15 milfrirkg Peak¥O), Peake WO, <11 rdfimnirukg
Cardiopulmonary exercise resting (=65% pred.) I1-15 mI.I'rri'ulq {Ji—ﬁﬂpud] nred.)

YENVCO, slope <16

e e rq'r-pﬂla.: N ﬂ]ﬂ ngll HT-pEl:lgF]_ﬂ |“£: ngh N T:rrL]E NP ”LI :ﬁ: ngll

RA area <18 emi B& area 1B-26 crm?

Imaging {echocardiography, CMR imaging) Mo pericardial effusion Mo or minimal, pericardial

RA area =26 omd

Pericardial affusion

RAP <8 mmHg RAF B-14 mmHg RAP >4 mmHg
Haemodynamics Cl 22.5 Veninim® C1 2.0-2.4 Umin'm* Q1 <20 Urninfm®
vy, =65% S 60-65% Sl <b0%
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Exercise training in pulmonary hypertension:
improving performance but waiting for outcome

Nazzareno Galie'*, Alessandra Manes?, and Massimiliano Palazzini?

i Right ventricle dysfunction* Skeletal muscle dysfunctiont
@ Afterload mismatch @ J, capillarization
#® Right ventricle dilatation ® Joxidative enzyme activity
@ Functional tricuspid valve regurgitation ® Muscle fibers hypotrophy

Respiratory Exercising
muscles muscles

A
-

Low cardiac output

Low Dkngen uptake

Exercise limitation

W/Q mismatching

*Improved by appraved drug therapy by reducing right ventricular afterload
Tlrnpmved by exercise training by increasing capillary density and oxidative enzyme activity

European Heart Journal 2016; EDITORIAL
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