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Pneumologi in azione
nell'ipertensione arteriosa polmonare (PAH)




Prove di funzionalita respiratoria:
un aiuto alla diagnosi

Dr.ssa Maria Rosa Mirenda



Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 8)

High or intermediate

Consider left heart disease and lung diseases Consider other causes
v cvmntoms, signs, risk factors, ECG, and/or follow-up (Table 9)
PFT+DLCO, zhoct »adiograph and HRCT,
arterial blood gases - ‘Table 9)

Diagnosis of left heart diseases or
lung diseases confirmed!?

No signs of severe
PH/RY dysfunction

Signs of severe PH/RY
dysfunction

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

Treat underlying
disease
Yes Refer to PH No

¥ expert centre v




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
Spirometry Meas % Ref
VC Litri 3.06 2.67 87
FVC Litri 3.08 267 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 5.63 5.62 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
RVITLC % 36 39
FRCPL  Litri 272 3.07 113
FRC N2  Litri 2.72
Raw cmH20/L/sec <2.24 2.14
sRaw cmH20/L/s/L 7.19
Diffusion
DLCO mL/mmHg/min  24.6 11.3 46
DL Aq) mL/mmHg/min 24.6 1.3 45
DLCONA mL/mHg/min/L 4.88 2.88 59
DLNVA Adj mL/mHg/min/L  4.88 2.88 59
VA Litri 5.03 3.91 78

Respiratory Medicine, 2015

Post Post
Meas % Ref
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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

Flusso aereo

Globuli rossi
© Diffusione :' ‘
: dell'ossigeno 7
i

’ : ‘ S ..
Lossigeno 4-' Diffusione

Capillare — &

entranei 9 d
|/ ella

globuli rossi anidride 4

carbonica ;

= ! i g ,‘

Lo scambio gassoso in un alveolo

Alla vena
polmonare

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 % Dy a TCL

DLCO= Kco x VA ml/min/mmHg
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Loss of alveolar membrane diffusing capacity and |

pulmonary capillary blood volume in pulmonary
arterial hypertension

Samar Farha'’, Daniel Laskowski'?, Deepa Georgez, Margaret M Park’>, WH Wilson Ta nga, 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
iin?rﬁgseglsmry (never/cument/ 40/01 24/1/3 01 \l/ Dm
Height (cm) 169 £1 167 +3 03
Weight (kg) 79 +3 89 +7 0.2 v’ ispessimento della membrana
0, Saturation (% of Hgh) 98 £0.2 96 £0.4 <001 alveolocapillare per processi
FEno (pPb) 19 +2 18 +2 07 fibrotici e proliferativi
FVC (%) 08 +2 91 43 02 v edema interstiziale
FEV, (3) 93 +2 80 +4 <0.01
FEV,/FVC 81 +1 75 +1 <0.01 \l, Vc
TLC (36) 85 +2 82 +2 04
Va () 49402 4302 01 v' A resistenze vascolari
(DlLco (ml/min/mmHg) 24 +1 17 41 <0.01 v J output cardiaco
DLyo (mil/min/mmHg) 94 +4 66 5 <0.01 v trombosi locale
Dy, (ml/min/mmHg) 48 +2 33 £2 <0.01
\ Ve (mb) 78 +4 63 +5 <001
DV (1/min/mmHg) 06+002 06 004 08
Hgb (g/dl) 133+03 135 +04 09

Respiratory Research 2013
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Qo
o

P DLCO e O
E’ DLNOO© E
E 30k 160 9 Table 3 Changes over time in the PAH group
= i Variable Estimated unit/year Wilcoxon SR
= é“ change p-value
c =3
— E FEV; (ml) —-144 0.1
8 0 W 1% g FEV, (96 -3 0.12
= T AC(m) -190 02
(@)
10 . ' . 20 FVC (%) -5 0.2
FEVW/FVC 08 04
80 ome 100 Va (ml) 20 04
S Veo FEno (ppb) 05 04
E TLC (%) 0.7 0.5
e 60 480 < (Dleo (ml/min/mmHg) -1.2 0.7
I= O [DLyo (m/min/mmHg) -4 001 |
E ; Dy, (ml/min/mmHg) -12 001
£ 40t 160 V. (ml) E 007
g D/Ve (1/min/mmHg) -04 0.04
Hgb (g/d)) 005 06
20 ' L | 40

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
b 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) 9(21) 8 (18] b4 167) 24 (25] 4 [4)
Mild 317 419 11(1) 111) 11(1)
Moderate 0 (0] 2 (5] 0 (0] 1(1) 0 (0] 0 (0]
WHO functional class 0.050%
I 0 (0] & (&)
Il §[21) 32 (29)
HI 27 161) &1 [56)
IV 818 10 15
Pulmonary function .
FEVI % pred BE+16 1 +16 0.010"
FVC % pred FF+16 102+17 0.208"
FEV1/FNC % 6849 Th+5 <0.0017 |
TLC % pred §2+16 e +12 0.004"
Vi % pred 85 + 11 0.001"

Eur RespirJ, 2013




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

Pre Pre
Spiromaetry Moas % Raf
vC Ligri 247 317 128
FVC Litri 248 317 128
FEV1 Lan 205 200 102
FEVIFVE % T4 g
WSVC %
PEF Usec 574 623 109
FEF25-75% Lisac. 238 101 42
FEF25% Livel 503 814 22
FEFS0% Lisec 330 iy o
FEFTS% Lisec 01 oM 38
Volumes
Lung i U b o
RV Litr 227 2 ':g L)
RVITLE % 45
FRCPL  Litd 282 k1%
FRCMZ Litn 82
Raw emH20/Lisec <224 166
sRaw emH2OLsL 664
e
DLCO mLimmigimin  21.2 88 33
i IP b £ 1
DLCONA mUimHp/minl 405 -
DUVA A mimHgimind. 405 186 4
WA Litri 593 417 B0
Maximal Respiratory Pressures
Pl e emH20 64
PEmax cmHZ0D 129
MY Lirmin
Wolume

4

Respiratory Medicine, 2015

Post  Post
Meas % Ref

oSl
% Chg

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— === paCO2< 32 mmHg

1 anno 95 88 Lﬁ
B.B- |
2 anni 86 70
0.6 -
3 anni 83 57 044
5 anni 83 46 0.24
. 0.0 i T . . r )
8 anni 78 15 0 20 40 60 80 100 120

Months

Hoeper, Eur Respir J 2007




TABLE 2

Correlations between blood gases at rest,
haemodynamics and 6-min walking distance

(BMWD)
6MWD RAP mPAP Cardiac PVR SV,0:
index
Pa,0,
r 0208 0269 0.108 0.008 0.161 0.227
p-value 0.001 0.007 NS NS NS 0.026
>
r 0104 0054 0049 0.235 0.185 0.226
p-value NS NS NS 0.019 NS 0.026

Hoeper, Eur Respir J 2007




|. Pulmonary arterial hypertension

|1 ldiopathic
|.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other murtations
|.3 Drugs and toxins induced
|.4 Associated with:
|.4.1 Connective tissue disease €<
|.4.2 Human immunaodeficiency 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 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:
I’ 4.1 Connective tissue disease

I".4.2 HIV infection




Sclerodermia

4 DLCO

v'Secondaria all’ —>  Volumi nella norma
interessamento isolato della . g
componente vascolare L iiidiac

Test
immunosierologici




Sclerodermia

4, 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

. Ref Pre Pre
Spirometry Meas % Ref
VC Litri 2.53 2.29 91
FVC Litri 2.56 213 83
FEV1 Litri 2.15 1.71 80
FEV1/FVC % 78 81
FEV1/SVC % 75
PEF L/sec 5.78 493 85
FEF25-75%L/sec 2.9 1.94 67
FEF25% L/sec 5.21 4.91 94
FEF50% L/sec 3.56 420 118
FEF75% L/sec 1.31 0.54 42
] ung Valiimes
l TLC Litri 4.57 3.31 73
v =t =7 4 &6
RVTLC % 39 31
FRCPL  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
DE;TUDIUI ]
DLCO mbL/mmHg/min  21.7 56 26
- = 25
DLCONA mL/mHg/min/lL  4.75 2.05 43
DLAVA Adj mU/mHg/min/L  4.75 2.05 43
VA Litri 457 2.72 60

Post Post
Meas % Ref

Chimam

Post
% Chg

Birth Date 13/03/1956



|. Pulmonary arterial hypertension

Il ldiapathic
|.2 Heritable
[.21 BMPR2 mutation
|.2.2 Orther mutadons
1.3 Drugs and tesing Induced
| 4 Assoclated with:
| 4.1 Connective tissue disease
| 4.2 Human immunodeficiency 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 hasmangiomatosis
I".1 ldispathic
I".2 Heritable
I"2.1 EIF2AK4 mutation
I".2.2 Other mutations
I".3 Drugs, teecins and radiation induced
I"4 Assoclated with:
I"4.] Connective tissue diszase
I".4.2 HIV Infection

1", Persistent pulmonary hypertension of the newborn

1. Pulmonary hypertension due to left heart disease

2.1 Left ventricular systolic dysfunction
1.2 Left ventricular diastalic dysfuncton
1.3Vabvular disease

2.4 Congenital / acquired |eft heart inflow/outflow oract
obstruction and congenital cardiomyopathies
1.5 Congenital facquired pulmanary velns stenosls

3. Pulmonary hypertension due to lung diseases andlor
hypoxia

3.1 Chrenic obstructive pulmonary disease

3.2 Interstidal lung disease

1.3 Other pulmonary diseases with miced restrictive and

obstructive pattern

14 Sleep-disordered breathing

1.5 Alveclar hypoventlaton disordars

1.6 Chronlc exposure to high alttude

1.7 Developmental lung diseases (Veb Table 1l

4, Chronic thromboembelic pulmonary hypertension
and other pumonary artery obstructions

4.1 Chrenic thromboembelic pulmanary hypertension
4.2 Other pulmonary artery obstructions

4.2.] Anglosarcoma

4.12 Other Intravascular tumors

4.1.3 Arterids

4.24 Cengenital pulmanary arteries stenoses

4.2.5 Parasites (hydatidosis)

5. Pulmonary hypertension with uncear and/or
multifactorial mechanisms
5.1 Haematologlcal disorders: chronle haemaolytic anasmia,
myelopreliferative disorders, splenectomy
5.2 Systemic disorders, sarcoldosis, pulmeonary histlocytosls,
trmphangiclelomyomatosis
5.3 Metabolic disorders: glycogen storage disease, Gaucher
disease, thyrold disorders
5.4 Others: pulmenary wmoral thrambothic miereangliopathy,
fibrosing mediastnitls, chronic renal fallure (with/without
dialysis), segmental pulmonary hypertension




Kco ridotto /VA normale

Meccanismi
fisiopatogenetici

Distruzione del
microcircolo

Rimodellamento e
dilatazione del
microcircolo

Condizioni cliniche Meccanismi

fisiopatologici

Ipertensione Distruzione
polmonare alveolare
idiopatica
vasculiti Distruzione
alveolare
Sindrome Distruzione del
epatopolmonare microcircolo
MAV

DLCO = Kco x VA

Kco ridotto/ VA ridotta

Condizioni cliniche

Enfisema (ridotto
volume alveolare
accessibile)

Malattia
interstiziale diffusa
del polmone con
fibrosi

Bronchiolite
obliterante

Grave SCC




Rif  Migl. % Rif 1

DLCO 20.6 1.7 K 15.7
DL Adj 20.6 1.7 K 15.7
DLCOfVA h.99 3.28 hh 3.28
VA 4,78 4.78
DL{VA Adj 3.28 3.28
Lieve >70
Moderata 60-69
Moderata-severa 50-59
Severa 35-49
Molto severa <35
0o- Ty Mormae U Attt ————+——t+——+
N | “ 5 b
75 de
| . . .
50| pde "~ Deficit ostruttivo
25 1'-\ MEF L
) | ™ 50% FYC .
=1 Eag )
B ~
E T'c y ;
25 - "'._ I.HIF/ g
50% FWC ’
S0 “:1 3 Deficit restrittivo

=
Lh
|

Wolume (1)

ATS/ERS 2005




Age: 66 Height(cm): 165 Weight(kg): 85.0 Gender: Femm. RaceCaucasica

. Ref

Spirometry
VvC Litri 2.69
FvC Litri 2.70
FEV1 Litri 2.27
FEV1/IFVC % 77
FEV1/SVC %
PEF Lisec 5.98
FEF25-75%L/sec 274
FEF25% L/sec 5.26
FEF50% L/sec 3.55
FEF75% Usec 1.19

Lung Volumes
TLC Litri 5.10
RV Litri 2.04
RVITLC % 41
FRC PL 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 mLU/mmHg/min  22.5
DLCONVA  mL/mHg/min/L  4.41

Pre
Meas
1.58
1.56
1.22
78
77
5.84
1.43
4.07
523
0.46

2.88
1.30

45
1.55

3.35
6.72

Pre

% Ref
59

58

54

98
52
77
147
38

57
64

56

26
26
74

Post Post Post
Meas % Ref % Chg

IPF

BO02 14+



Age: 73 Height(cm): 163  Weight(kg): 43.0

Spirometry Ref
vC Liters 3.25
FvC Liters 3.15
FEV1 Liters 2.40
FEVI/FVC % 74
FEV1/SVC % 82
PEF Usec 7.02
FEF25-75% L/sec 272
FEF25% L/sec 6.31
FEF50% L/sec 3.56
FEF75% LU/sec 1.02

Lung Volumes
TLC Liters 594
RV Liters 2.51
RVITLC % 42
FRCPL Liters 338
Raw cmH20/Usec <224
sRaw cmH20/Us/L

Diffusion

DLCO mbU/mmHg/min  21.7
DL Adj mLU/mmHg/min 21.7
DLCONVA mU/mHg/min/L  3.65
DLWVA Adj mU/mHg/min/L  3.85

Pre
Meas
1.47

VA Liters 5.94 !
Maximal Respiratory Pressures
Pl max cmH20 103
PEmax cmH20 193
MWV Lmin 77
Volum
4+
3 E

0

Y
T

Pre

% Ref
45

43

18

[Te 4 I8 ) I

128

203

Gender: Masch. Race: Caucasica

3 B 1 2

Comments:

5

Post Post Post
Meas % Ref % Chg

05 00 Oéolum%a'o




Pseudormalizzazione spirometrica

; Rt
Spirometry
vC Litri 173
FVG Litri as
FEW1 Litri 278
FEVIFVC % 74
FEVIISVC % '
PEF Lisec 753
FEF25-75% 285
FEF28% Lisec 675
FEF50% Lisec 1ge
FEFTS5% Lisec 125
Lung Volumes
TLC Litn 6.50
RY Litri 258
RVITLC % 42
FRCPL  Litn 153
FRCNZ  Litri 353
Raw omH20/isec <224
o A emH20LalL
Diffusion
DLCO mbLimmHg/min 24.4
ml/mmHgimin 24.4
DLCOAA mi/mHgiminl 376
DLVA Adj mL'mHgiminl 376
WA Litri 6.50
Maximal Respiratory Pressures
Plmax  cmH20 104
PEmax cmH20 185

MYy Lirruri
Volume
4

3 =

e

8 B8 BERESR

24

8

*
g
®
g

Post
hleas,

Volumi statici e dinamici nella norma
Severa riduzione della DLCO

Flusso
16
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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

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)

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

Determinants of prognosis®

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

High risk >10%

Clinical signs of right heart failure Absent Present
Progression of symproms Ma Rapid
Syncope Ma Repeated syncope
WHO functonal class L0
MWD =440 i

Peak VO, =15 mil'minfkg Peak W0y
Cardiopulmonary exsrciie pesting {*65% pred.) 11-15 reilivindkyg (35—-65% pred.)

VENVCO, slope <36 VEVCO; shope 36—44.9

N HproBNF pham Lk el g NT-oroBNP > 1400 ng

NT-proBMP <300 ngl NT-pro@NP 3001400 ngfl

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

RA area =26 cm®

Pericardal efusion

RA area <18 em?

Imaging {echocardiegraphy, CMR imaging) Mo pericardial effusion

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

RAF <8 mmHyg RAP 814 mmHg
CI 225 Venimim® Cl 2.0-2.4 limindm®
S0, >65% Svi0; 60-65%

Haemodynarmics




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

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 13 and 14)

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

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

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

At baseline Ewvery 1-6 Every 6-11 3-6 months after In case of elinical
rmanths® rrvonths® changes in therapy®* worsening
e T * * * : :
ECG + + + + +
SMWTiBorg dyspnoea score 5 + + + +
CPET + + +
Echa + + + +
Basic lht + + + + +
Extended lab® + + +
Blaod gas analysis? + + + +
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

35
30
= [3||fr'pp|-| e Observed death
S e — Predicted
o --- 95% CI
L=
£
= 330 m
o
§=
=
o
a
156 A BSG
FIGURE 1 Relationship between the IRg~@BREATEES ——— "%
mean 6-min walk distance at baseline SERAPHSUPER- e ﬁ o STRIBE=T
and the rate of fatal events during 0 T r® T —® |
follow-up. Reproduced from [24] with 200 250 300 330 400 430
permission from the publisher. Baseline distance m o

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 ) Present
Progression of symptoms Rapéd
Syncope Repeated synoopes
WHO funcrional class LI I

MWD =440 m <|45 m
Pesk W0, =15 miliminfkg Peak ¥,

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

BNP <50 ngfl BNP 50-300 ngh 0
NN plern ek NT-proBNP <300 ngl NT-proBNP 300-| 400 ngl NTproBNP > 1400 ngf

RA area <18 ewm® Ao B34 RA area >26 om®

Imaging {echocardiegraphy. CMR imaging) Mo pericardial effusion Wi cor anikre, peoricaretial Pericardal efusion

RAP <8 mmHg RAF 814 mmHg RAP =14 memHg
Haemadynamics Cl 225 Urninim® C12.0-2.4 l'mindm® Cl <20 Uminfm®
SvO: >65% SvO: B0-65% 5

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




as REVIEW
l}ig SMWD IN PAH TRIALS

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

Sean Gaine' and Gérald Simonneau?

e «ceiling effect»

e Poco specifico (frailty, decondizionamento,...)
* Poco utile in «xadd-on» terapia

* Nessuna informazione sulla fisiopatologia
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Low cardiac ou!pul WO mismatching

Luw oxygen supply Low ocxygen uptake

Exercise limitation

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

( tod | ity) Intermediate risk 5-10% High risk >10%

Clinical signs of right heart failure Absenc Present

Progression of symptoms Mo Rapad
Synoope Ma Repeated synoope
WHO funcrional class LI
&MWD =440 m
Peak VO, =15 milfminfkg Peak O,
Cardiopulmonary exercise pestng (=65% pred.) I =15 mlirminfg [35-65% pred.)
YENVCO, slope <36 VENCO: shope 36—44.9
BMP <50 ngfl BMNP 50-300 ng BMNP =300 ngl
NTHpmENE plawrm Lol NT-proBNP <300 ng/l NT-proBNP 300-1400 NT-oroBMP >1400 ngf
e P + i
RA area <18 em? ] RA area »16 em?
Imaging (echacardiography, CHMR Imaging) Mo pericardial effusion Mo ar misimad, pe Perlcardial effusion
effusion
RAF =8 mmHg RAP 814 mmHg RAF =14 menHg
Haemodynarnics Cl 2.5 Vrninim® Cl 2.0-2.4 limindm*® 1 <2.0 Uminim®

Sk »65% Sw(: 60-65% Sl <60%

McLaughlin al. JACC 2015; 65: 1976-97
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Exercise training improves peak oxygen
consumption and haemodynamics in patients with
severe pulmonary arterial hypertension and
inoperable chronic thrombo-embolic pulmonary
hypertension: a prospective, randomized,
controlled trial

Nicola Ehlken' T, Mona Lichtblau'f, Hans Klose?!, Johannes Weidenhammer!,
Christine Fischer?, Robert Nechwatal?, Soren Uiker?, Michael Halank®, Karen Olsson®,
Werner Seeger’, Henning Gall’, Stephan Rosenkranz®, Heinrike Wilkens?,

Dirk Mertens'?, Hans-Jurgen Seyfarth'!, Christian Opitz'?, Silvia Ulrich?3,

Benjamin Egenlauf'!, and Ekkehard Grinig!




Change in peak VO,/kg [mL/min/kg]

Ehlken et al. Eur Heart J 2016; 37: 35-44

Primary endpoint: change in peak oxygen uptake
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Change of 6-min walkingdistance [m)
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Secondary endpoints: 6MWT

absolute change (control-group corrected)
original data +41 m, F<0.001
multiple imputation +32 m, P<0.001

n=34 +29+8 (5E)

=150 o

_EDD -

P=0.001

i n=36 —-1218(5E)

Baseline 3 Whaelks 15 Weeks
End of rehabilitation

Ehlken et al. Eur Heart J 2016; 37: 35-44




Secondary endpoints: haemodynamics
and right heart function

=

Change of mean pulmonary arterial pressure

absolute change [control-group corrected)
criginal data -8 mmHg, P=0.007
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C Change of cardiac output

absolute change (control-group corrected)
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B Change of pulmonary vascular resistance
absolute change (control-group corrected)
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Secondary endpoints:
Haemodynamics during exercise

absclute change {control-group corrected|
original data +1.2 Umin/m?, PcO002
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Exercise training in pulmonary hypertension:
improving performance but waiting for outcome

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




Exercise training in pulmonary hypertension:
improving performance but waiting for outcome

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

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

& P

o Respiratory Exercising

\.ﬂ' muscles muscles
-

W/Q mismatching

Low cardiac output

Low oxygen supply Low oxygen uptake

Exercise limitation

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

European Heart Journal 2016; EDITORIAL
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