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Note di presentazione
Cominciamo dal test da sforzo


Q

2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension
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Note di presentazione
Se guardiamo le ultime linee guida la valutazione della capacità funzionale la troviamo nel capitolo di valutazione di severità di malattia…


Test da sforzo: valutazione di severita 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
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

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

e#ﬁ%ﬂp&wledica @

2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension
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Note di presentazione
La regolare valutazione del paziente in centri specializzati è fortemente raccomandata con un approccio multifattoriale che comprenede anche il test da sforzo. 



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
" Determinants of prognosis®
(estimated |-year mortalicy)
Recommendations Clinical signs of right heart fallure

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

Imaging {echocardiography, CHMR imaging)

RAP =8 mmHg
Haemodynamics Cl 215 Vrninim®
S0, »65%

Achievement/maintenance of an
intermediate-risk profile (Toble 13)
should be considered an inadequate

Intermediate risk 5-10%

Peake V0

1 1-15 miliminikg {35-65% pred.)

VEIVCO; slope 36-44.9

It is recommended to evaluate the Progression of symptoms
severity of PAH patients with a panel of Syncope
data derived from clinical assessment, WHO functional class LIl
exercise tests, binchemical markers and :
echocardiographic and haemodynamic AT ~iin
evaluations (Tables 13 and 14) Peak VO, =15 milminfkg

j Cardicpulmonary exercise testing {=65% pred.)
It is recommended to perform regular VENCO, slops <36
follow-up assessments every 3—6 e
months in stable patients (Table 1 g

s in e patients { 4 NT-proBMF plasma levels NT-proBNP <300 ngfl

EMF 50-300 ngl
MT-proBhF 3001400 ngfl

RA area <18 e
Mo pericardial effusion

RA area 1B-26 em?

M or minimal, pericardial
effusion

RAP 814 mimHg
Cl 2024 limindm*
w0 B0-65%

High risk >10%

Present

Rapid

Repeated syncope

ol
400 ngh

3 =26 cm®

il effusion

treatment response for most patienls
with PAH

@ 2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension
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Note di presentazione
Due sono i test le cui variabili rientrano nella stratificazione in rischio basso medio e alto 6 mwt e cpet 


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, binchemical markers and
echocardiographic and haemodynamic
evaluations (Tables 13 and 14)

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

6-99

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

699

Table 14 Suggested assessment and timing for the follow-up of patients with pulmonary arterial hypertension
At baseline Every 3-& Every 6-11 3-6 months after In case of clinical
months* months* changes in therapy* worsening

decermiration ofmtional cas ’ * * i i
ECG + + + - -
SMWTIBarg dysproea score + + + + +
CPET + + +
Echo + + + +
Basic bt + + + - -
Extended lab® + + +
Blood gas analysis® + + - -
Right heart catheterization + + + +

@

2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension
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Note di presentazione
Fortemente raccomandati nel follow up….


6-minute walk




6-minute walk

* Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)




6-minute walk

* Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)
« Semplice, poco costoso, accettato da autorita regolatorie (sintomi e capacita funzionale)




6-minute walk

* Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)
« Semplice, poco costoso, accettato da autorita regolatorie (sintomi e capacita funzionale)
e End-point primario piu usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)




6-minute walk

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)
Semplice, poco costoso, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali associati a prognosi




6MWT e prognosi in PAH
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Note di presentazione
16 trials 2000 pazienti riuniti in una metanalisi


6MWT e prognosi in PAH

Determinants of prognosis®
(estimated |-year mortality)

Intermediate risk 5-10% High risk >10%

Clinical signs of right hear fallure Absen Present
Progression of symptoms Ma Rapid
Syncope Mo

WHO functional class L IV

sMWD =440 <165 m
Peak VO, =15 ml'minfkg Peak W0y
Cardicpulmonary exercise testing {=65% pred.) 1 1-15 milfrmdnikg (35—-65% pred.)

VENCO, slope <36 VEINCO, slope J6—44.9

BME <50 ngfl ENP 50-300 ngh
IR pliss lmed NT-proBNP <300 gl NT-proBNP 3001400 ngfl

RA area 1B-26 em?

M or minimal, pericardial
effusion

RA area <18 cm?

Imaging (echocardicgraphy, CMR imaging) No pericardial effusion

RAP <8 menHg RAP 814 mimHg
Haemodynamics CI 215 Veninim® Cl 2.0-2.4 Uimindm®
Svi, =65% SvO; B0-65%

TABLE 3 High Risk Factors

Syncope Yes
NYHA/WHO class v
BEMWD =300 m
CPET Peak oxygen uptake <12 ml/kg/min
Echocardiographic findings Pericardial effusion
TAPSE <1.5 cm
Hemodynamics RAP =15 mm Hg
Cardiac index =2 /min/m®
CMR RVEF 35%

CMR = cardiac magnetic resonance; CPET = cardiopulmanary exercise testing;
NYHA = Mew York Heart Assodation; RAP = right atrial pressure; RVEF = right
wentricular ejection fraction; TAPSE = tricuspid annular plane systalic excursion;
WHO = World Health Organization; GMWD = &-min walking distance.

@ 2015 ESC/ERS Guidelines for the diagnosis McLaughlin al. JACC 2015: 65: 1976-97
and treatment of pulmonary hypertension '



6-minute walk

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali associati a prognosi
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Note di presentazione
Questi sono i lati positivi ma


6-minute walk

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali associati a prognosi

ma
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The need to move from é6-minute walk
distance to outcome trials in pulmonary
arterial hypertension

Sean Gaine' and Gérald Simonneau?

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali significativamente associati a prognosi

ma

Eur Resp Rev 2013: 22: 487-494,
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Note di presentazione
Serve forse qualcosa di meglio del 6mwt


The need to move from é6-minute walk
distance to outcome trials in pulmonary
arterial hypertension

Sean Gaine' and Gérald Simonneau?

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali significativamente associati a prognosi

ma

«ceiling effect»

Eur Resp Rev 2013: 22: 487-494,
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Note di presentazione
Oltre un certo valore discrimina poco


The need to move from é6-minute walk
distance to outcome trials in pulmonary
arterial hypertension

Sean Gaine' and Gérald Simonneau?

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali significativamente associati a prognosi

ma

«ceiling effect»
Poco specifico (frailty, decondizionamento,...)

Eur Resp Rev 2013: 22: 487-494,




The need to move from é6-minute walk
distance to outcome trials in pulmonary
arterial hypertension

Sean Gaine' and Gérald Simonneau?

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali significativamente associati a prognosi

ma

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

Eur Resp Rev 2013: 22: 487-494,




6MWT e prognosi in PAH
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CrossMark

TASK FORCE REPORT
ERS STATEMENT

Use of exercise testing in the evaluation
of interventional efficacy: an official ERS
statement

Luis Puente-Maestu?*, Paolo Pal.ange‘, Richard Casaburi®,
Pierantonio Lavenezianaé"?, Francois MaltaisB, J. Alberto Nederg'm,
Denis E. O¢ Dnnnell”, Paolo Dnnmti'ﬁ'm, Janos Purszaszﬁ, Roberto Rabinwich13,
Harry B. Rossiter™'%, Sally Singh15, Thierry Troosters'®'” and Susan Ward'®

TABLE 2 Measurement properties of the tests reviewed

Main variables Practice test Standardisation MCID Reproducibility
needed
IET V' Dzpeak, WRpesk and Mo Adjusting WR increments MNa V'ozpeak 5-10%
Ve-Veo, indices to the patient capacity Suggested targets in PAH: WRpeak 5-10%
Criteria for “good effort” Vo, >10 L-min"-kg™" VE-V'Co, indices +2.3
VE-V'Co, slope <45 both within and
between individuals
CWRET tLm, isatime IC and Mo Intensity of baseline tests 105 5 or 33% tLiM: 5-10% within
isotime dyspnoea to attain tuM between 180 Eronchodilator trials suggest that individuals
and 480 = recommended clinical outcomes improve with 23.7% between
to reduce variability increases »40 5 individuals
Pedalling rate
Criteria to terminate
the test
ISWT Time/distance, Yes Audio signal 47 m MNA
dysponea and Spo;
ESWT Time/distance, fes Audio signal Time 56-71 s Time =772 s
dyspnoea and Spo; Optimum intensity/duration Distance 72-81 m Distance =7£113 m
of baseline test yet both within individuals
to be defined
SMWT Distance/Spo, and fes Track length 25-33m Distance 5-8% when
dyspnoea Encouragement In PAH, MCID relates to symptom perfarmed twice

amelioration,
but not to survival

within individuals

f#ﬁ%ﬁftil\/ledica

Puente-Maestu et al. Eur Resp J 2016: 47: 429-460
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Note di presentazione
Anche i recentissimi consigli ers indicano il test dei sei minuti come misura della risposta alla terapia ma come quantificazione della riposta clinica non per la sopravvivenza. 


The need to move from é6-minute walk
distance to outcome trials in pulmonary
arterial hypertension

Sean Gaine' and Gérald Simonneau?

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali significativamente associati a prognosi

ma

«ceiling effect»

Poco specifico (frailty, decondizionamento,...)

Poco utile in tp add-on terapia

Dati post- e A non validati e predittori di eventi->dubbi sulla validita di end-point surrogato

Eur Resp Rev 2013: 22: 487-494,
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The need to move from 6-minute walk
distance to outcome trials in pulmonary
arterial hypertension

Sean Gaine' and Gérald Simonneau?

Primo end-point utilizzato in primo trial su terapia PAH-specifica (epoprostenolo)

Semplice, cheap, ripetibile, accettato da autorita regolatorie (sintomi e capacita funzionale)
End-point primario pit usato (bosentan, ambrisentan, sildenafil, tadalafil, treprostinil....)
Dati basali significativamente associati a prognosi

ma

«ceiling effect»

Poco specifico (frailty, decondizionamento,...)

Poco utile in tp add-on terapia

Dati post- e A non validati e predittori di eventi->dubbi sulla validita di end-point surrogato
Nessuna informazione su fisiopatologia

Eur Resp Rev 2013: 22: 487-494,
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Note di presentazione
Infine ma non meno importante il 6 mwt non dà nessuna informazione fisiopatologica…


Test da sforzo cardiopolmonare



Relatore
Note di presentazione
Cosa che invece è possibile con CPX certamente più complesso. Me ne occupo da molti anni e cercherò di comunicarvi il mio entusiasmo per le informazioni possibili con questo test. Cosa facciamo (macchinari e protocolli) e cosa misuriamo 


Test da sforzo cardiopolmonare

DEVICE/ANALYZER PRIMARY DERIVED

Flow — f, VT, VE VE / VCo,
\ VE / VO,

co; \[ PETCO,, VCO, R, AT

o0, — L L PETO,, VO, PR VO,

O, pulse
AVO, /| AWR
Ergometer Work Rate L Wo rf( ecloncy
Cuff Blood Pressure Double product
ECG Heart rate
\[ PQRST complexes Pattern changes
Oximeter Sp0O, Approximate SaO,
P(A-a)o,
Arterial line Pao, P(a-ET)CO,, VD / VT
or sample Paco,
Hb, COHb

pH, lactate
Sao0,
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Note di presentazione
Che cos’èlesso. Cosa facciamo (macchinari e protocolli) e cosa misuriamo 


A D
Vi, (ni/min} VE [Limin)
1800 -
Vanilatory
1480 Pescric
1160 .‘5
840 -
520
200 Frrr—r e e e e et
O 15 30 45 80 TE OO0 105 120 135 02 4 B B 1012 14 18 18 20
Work Tima {mi)
B E
HA [bpm] VE {Limin]
190 4 0
177 &3
1844 58 4
151 ] 43 RGP
1284 2= ,,1 .
125 4 35 - __/#, -
112 ] . T
-
o] -
=1 S=z7lL
T34 [ = 4 Limin
a0 T T T T T T ] T T T T T T
0.0 02 0.4 05 0B 1.0 1.2 1.4 1.6 18 00 02 0.4 06 BB 10 12 14 16 18
VO, (Lfin] VCO, [Limin)
C F
HA {bpm) VOUHR fmibeat] W) (L] AR
1M-'i' Bl s iam o simeus s i rn r 50
177 .
§ 284 e
1eed | g I
1514 7 224 5!? L=
138 i 184 | o
125 » I a0
nzd * 141 |
i Y. 13 .
mqo 1.0 4 M=
55-}{? L e
. 0.8 o
T34 5 I 14
50— 0z T T T 10
a o 17 &1 =1

Test da sforzo cardiopolmonare

G
W0, {mLimin)
1 BOD

S|

1B00
1480 -
1160 -
B40 B840
520 520
200 4 200
o
H
VeV,
75 . rTE
84 i fea
; 3
53 53
a2 Laz
3t Fa
20 T T T o0
002 4 8 8 10 12 14 16 18 20
Time: ([min)
I
Pl 5 P00,
O e O
16 Jog: ' :
poz joei nLi': “ las
e {02 :
114 f0O0 - ;:‘-3u
no % e
106 BE; H FR
mwzd R ﬁﬂ*ﬁE
B2y | 3
-0 Eiﬁft VT g =
P78 et S '
7B e W * Fao
0 15

— T T T
o9 2 4 8 B 1012 14 18 18 20
Tima ([ min)



Relatore
Note di presentazione
TUTTI I RISULTATI SONO POI schematicamente presentati nel classico referto con i 9 GRAFICI dI FAMOSI NOVE PLOT DI WASSERMAN CHE è IL REFERTO STANDARD MA NON SPAVENTATEVI perché ANDIAMO CON ORDINE E POI SARà CERTAMENTE Più CHIARO


Test da sforzo cardiopolmonare in PAH

The Clinical Physiologist
Section Editor: John W. Kreit, M.D.

Exercise Intolerance in Pulmonary Arterial Hypertension
The Role of Cardiopulmonary Exercise Testing

J. Alberto Neder'®, Roberta P. Ramos'?, Jaquelina S. Ota-Arakaki®, Daniel M. Hirai'®, Christine L. D’ Arsigny”,
and Denis O’Donnell*

"Pulmonary Function and Clinical Exercise Physiology Unit, Respiratory Division, and “Pulmonary Uasc:u lar Group, Respiratory Division,
Department of M-Ddlﬂlr'lﬂ School of Medicine, Federal Unwersﬂy of Sao Paulo, Sao Paulo, Brazil; and “Laboratory of Clinical Exercise

Physiology, and Hesplratow Investigation Unlt Departiment of Medicine, Division of Hcsplratory ‘and Critical Care Medicine, Queen’s
University, Kingston, Ontario, Canada

AnnalsATS Vol 12 n.4 April 2015



Relatore
Note di presentazione
Una recentissima pubblicazione su annals ats mi aiuterà nel percorso confrontando i parametri tra normale e pah e dopo terapia


Test da sforzo cardiopolmonare: peakVO,_

NORMALE

Neder et al. AnnalsATS Vol 12 n.4 April 2015
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Note di presentazione
Cosa vediamo con il cpx. PRIMA DI TUTTO MISURIAMO IL CONSUMO D’OSSIGENO AL PICCO DELL’ESERCIZIO CHE è IL GOLD STANDARD DELLA CAPACITà FUNZIONALE DI UN SOGGETTO


Test da sforzo cardiopolmonare: peakVO,_

peakVo,.

Neder et al. AnnalsATS Vol 12 n.4 April 2015
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Note di presentazione
Il consumo d’ossigeno al picco è più basso, indice di severità e di prognosi


CPET e prognosi in PAH

Determinants of prognosis®
(estimated |-year mortality)

Intermediate risk 5-10% High risk >10%

Clinical signs of right hear fallure Absen Present
Progression of symptoms Ma Rapid
Syncope Mo

WHO functional class L IV

sMWD =440 <165 m
Peak VO, =15 ml'minfkg Peak W0y
Cardicpulmonary exercise testing {=65% pred.) 1 1-15 milfrmdnikg (35—-65% pred.)

VENCO, slope <36 VEINCO, slope J6—44.9

BME <50 ngfl ENP 50-300 ngh
IR pliss lmed NT-proBNP <300 gl NT-proBNP 3001400 ngfl

RA area 1B-26 em?

M or minimal, pericardial
effusion

RA area <18 cm?

Imaging (echocardicgraphy, CMR imaging) No pericardial effusion

RAP <8 menHg RAP 814 mimHg
Haemodynamics CI 215 Veninim® Cl 2.0-2.4 Uimindm®
Svi, =65% SvO; B0-65%

TABLE 3 High Risk Factors

Syncope Yes
NYHA/WHO class v
BEMWD =300 m
CPET Peak oxygen uptake <12 ml/kg/min
Echocardiographic findings Pericardial effusion
TAPSE <1.5 cm
Hemodynamics RAP =15 mm Hg
Cardiac index =2 /min/m®
CMR RVEF 35%

CMR = cardiac magnetic resonance; CPET = cardiopulmanary exercise testing;
NYHA = Mew York Heart Assodation; RAP = right atrial pressure; RVEF = right
wentricular ejection fraction; TAPSE = tricuspid annular plane systalic excursion;
WHO = World Health Organization; GMWD = &-min walking distance.

@ 2015 ESC/ERS Guidelines for the diagnosis McLaughlin al. JACC 2015: 65: 1976-97
and treatment of pulmonary hypertension '


Relatore
Note di presentazione
Queste sono ancora le linee guida che dividono in tre categorie 11 15. questa tabella riassume gli indicatori di alto rischio: sotto 12


Test da sforzo cardiopolmonare: peakVO,_
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Relatore
Note di presentazione
Cosa è vo2 è schematizzato dal prof wasserman in questa famosa figura che mostra che noi misuriamo alla bocca come specchio di qualcosa che succede nella cellula e in mezzo. Qualsiasi intoppo in questo ingranaggio provoca riduzione di vo2. nel caso di pah deficit gettata sistolica, problemi vascolarizzazione polmonare, problemi di muscoli e periferia… consumo all picco.
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Fig 1 - Comp normal and at il pulmonary arterial vessel response to acute exercise. Abbreviations: CO,
cardiac output; HG, healthy control; PAF, pulmonary artery pressure; PH, pulmonary hypertension.
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Test da sforzo cardiopolmonare: peakVO,_
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Note di presentazione
Cosa è vo2 è schematizzato dal prof wasserman in questa famosa figura che mostra che noi misuriamo alla bocca come specchio di qualcosa che succede nella cellula e in mezzo. Qualsiasi intoppo in questo ingranaggio provoca riduzione di vo2. nel caso di pah deficit gettata sistolica, problemi vascolarizzazione polmonare, problemi di muscoli e periferia… consumo all picco.


Test da sforzo cardiopolmonare: peakVO,_
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Fig 1 - Comp 1 normal and at il pulmonary arterial vessel response to acute exercise. Abbreviations: CO,
cardiac output; HG, healthy control; PAF, pulmonary artery pressure; PH, pulmonary hypertension.

Exercise limitation

Galieé N., Manes A, Palazzini M. Eur Heart J 2016; 37; 45-48
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Note di presentazione
Cosa è vo2 è schematizzato dal prof wasserman in questa famosa figura che mostra che noi misuriamo alla bocca come specchio di qualcosa che succede nella cellula e in mezzo. Qualsiasi intoppo in questo ingranaggio provoca riduzione di vo2. nel caso di pah deficit gettata sistolica, problemi vascolarizzazione polmonare, problemi di muscoli e periferia… consumo all picco.


Test da sforzo cardiopolmonare: polso O,

Legge di Fick
CO=VO,/C(a-v)O,

e CO=SVxHR

VO,/HR (polso0,)=
SV x C(a-v)0,
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Relatore
Note di presentazione
Un buon modo per approfondire la risposta emodinamica è valutare l’andamento del polso o2 che è vo2 diviso frequenza cardiaca è indice di gettata sistolica cioè quanto il cuore butta fuori ad ogni sistole e quanto è utilizzato in periferia. pah quindi non sale mentre visto da un’altra prospettiva sale hr molto rapidamente  di qui evidenza che i malati con pah sono molto dipendenti dalla hr occhi a farmaci cronotropi negativi!!!!


Test da sforzo cardiopolmonare: polso O,
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Relatore
Note di presentazione
Sia gettata sistolica che estrazione periferica sono compromesse in pah quindi non sale. mentre visto da un’altra prospettiva sale hr molto rapidamente  di qui evidenza che i malati con pah sono molto dipendenti dalla hr occhi a farmaci cronotropi negativi!!!!
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Relatore
Note di presentazione
Mentre visto al contrario la frequenza cardiaca rispetto a vo2 cresce molto rapidamente durante esercizio (sono pazienti la cui gettata cardiaca dipende molto dalla frequenza cardiaca di qui attenzione ai farmaci cronotropi negativi)


Test da sforzo cardiopolmonare: soglia anaerobica
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Relatore
Note di presentazione
Altro dato la soglia anaerobica. 


Test da sforzo cardiopolmonare: soglia anaerobica
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Relatore
Note di presentazione
Il momento della at durante l’esercizio Durante l’esercizio c’è un momento in cui il sistema cardiocircolatorio non è sufficiente alle necessità metaboliche e il meccanismo da aerobico diventa anaerobico si producono acidi lattici e la produzione di anidride carbonica aumenta di più rispetto al consumo di ossigeno.
e la ventilazione incrementa dapprima parallelamente all’incremento di co2 tamponamento isocapnico e poi anche di più compenso respiratorio. Il livello di esercizio alla soglia anaerobica è importante indice di capacità funzionale come il consumo al picco.


Test da sforzo cardiopolmonare: soglia anaerobica
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Relatore
Note di presentazione
Durante l’esercizio c’è un momento in cui il sistema cardiocircolatorio non è sufficiente alle necessità metaboliche e il meccanismo da aerobico diventa anaerobico si producono acidi lattici e la ventilazione incrementa dapprima parallelamente all’incremento di co2 tamponamento isocapnico e poi anche di più compenso respiratorio. Si vede in vco2 e vo2 ma anche negli equivalente ventilatori ma non entriamo nel dettaglio. Basti sapere che il livello di esercizio alla soglia anaerobica è importante indice di capacità funzionale come il consumo al picco.


Test da sforzo cardiopolmonare: ventilazione
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Relatore
Note di presentazione
Ovviamente con cpx valutiamo anche la ventilazione e un parametro importante come ve/vCo2 indice di efficienza ventilatoria e importante indice prognostico come vo2 p


Test da sforzo cardiopolmonare: ventilazione

tamponamento acidosi

/ VCO2 x 863
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Relatore
Note di presentazione
Ovviamente con cpx valutiamo anche la ventilazione e un parametro importante come ve/vCo2 indice di efficienza ventilatoria e importante indice prognostico come vo2 p


Test da sforzo cardiopolmonare: ventilazione
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Relatore
Note di presentazione
La ventilazione in pah sotto sforzo è aumentata: componente metabolica vco2 produzione di lattati che è aumentata e anticipata come abbiamo visto prima; ma aumenta ve/vco2 per incremento dello allo spazio morto che nei sani si riduce con lo sforzo mentre aumenta in pah perché aumenta il miss match ventilazione perfusione ; i due parametri ventilatori distintivi in pah sono ve/vco2 e petco2


Test da sforzo cardiopolmonare: ventilazione
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Relatore
Note di presentazione
La ventilazione in pah sotto sforzo è aumentata: componente metabolica vco2 produzione di lattati che è aumentata e anticipata come abbiamo visto prima; ma aumenta ve/vco2 per incremento dello allo spazio morto che nei sani si riduce con lo sforzo mentre aumenta in pah perché aumenta il miss match ventilazione perfusione ; i due parametri ventilatori distintivi in pah sono ve/vco2 e petco2
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Relatore
Note di presentazione
La ventilazione in pah sotto sforzo è aumentata: componente metabolica vco2 produzione di lattati che è aumentata e anticipata come abbiamo visto prima; ma aumenta ve/vco2 per incremento dello allo spazio morto che nei sani si riduce con lo sforzo mentre aumenta in pah perché aumenta il miss match ventilazione perfusione ; i due parametri ventilatori distintivi in pah sono ve/vco2 e petco2


CPET e prognosi in PAH

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 Rapid
Syncope Repeated 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 NT-proBHNP 3001400 ngh MTgrab

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

RA area <18 em? R.A ares

Imaging (echacardiography, CMR. imaging) No pericardial effusion

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

@ 2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension


Relatore
Note di presentazione
Indicato anche nelle linee guida … numeri ….


Test da sforzo cardiopolmonare: ventilazione
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Relatore
Note di presentazione
La ventilazione in pah sotto sforzo è aumentata: componente metabolica vco2 produzione di lattati che è aumentata e anticipata come abbiamo visto prima; ma aumenta ve/vco2 per incremento dello allo spazio morto che nei sani si riduce con lo sforzo mentre aumenta in pah perché aumenta il miss match ventilazione perfusione ; i due parametri ventilatori distintivi in pah sono ve/vco2 e petco2


Test da sforzo cardiopolmonare: ventilazione
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Relatore
Note di presentazione
La ventilazione in pah sotto sforzo è aumentata: componente metabolica vco2 produzione di lattati che è aumentata e anticipata come abbiamo visto prima; ma aumenta ve/vco2 per incremento dello allo spazio morto che nei sani si riduce con lo sforzo mentre aumenta in pah perché aumenta il miss match ventilazione perfusione ; i due parametri ventilatori distintivi in pah sono ve/vco2 e petco2 che non solo è basso all’inizio ma è stabile o scende invece di salire durante ex


Test da sforzo cardiopolmonare: ventilazione
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La ventilazione in pah sotto sforzo è aumentata: componente metabolica vco2 produzione di lattati che è aumentata e anticipata come abbiamo visto prima; ma aumenta ve/vco2 per incremento dello allo spazio morto che nei sani si riduce con lo sforzo mentre aumenta in pah perché aumenta il miss match ventilazione perfusione 


PAH

Test da sforzo cardiopolmonare: shunt dx-sin
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Note di presentazione
Infine con cpx si puo vedere lo sviluppo di shunt qua si vede questa improvvisa riduzione di sato2 ma si vede meglio nel lavoro di sun che …
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Test da sforzo cardiopolmonare: shunt dx-sin

-

W

o
1

PO, (mm Hg)
N
e
P:,CO, (mm Hg)
w
o

-

-

o
I

100 —— i 101~
100+ S . 100-

80+

60+

VENO,

40

]

20
100+

95+

1
L
L

T
7

—_
o
1

90+

=5 i
- N
-y

u —n—g
e ?-_ir-—-

*

1 "
sl o0
H H 0.8

Rest Unl. | Increasing . Recovery Rest : Unl. ! Increasing : Recovery
+ Work Rate : H . Work Rate |

0 3 6 9 12 15 18 0 3 6 9 12 15 18
Time (min) Time (min)

Sun, X.-G. et al. Circulation 2002:105:54-60

RER (VCO,VO,)

SpO, (%)

80



Relatore
Note di presentazione
Lo ha descritto 15 anni fa. Sat scende vevco2 sale e petco2 scende di colpo desaturazione e iperventilazione non secondaria a necessità metaboliche ma perché arriva al chemocettore improvvisamente sangue con poco ossigeno.


Test da sforzo cardiopolmonare:

risposta alla terapia
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Ripassiamo i vari parametri vedendo cosa succede dopo terapia: vo2 migliora, polso o2 migliora 


Test da sforzo cardiopolmonare: risposta alla terapia
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Soglia anaerobica sale


Test da sforzo cardiopolmonare: risposta alla terapia
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Ve vco2 scende petco2 sale segni di shunt dopo


TASK FORCE REPORT
ERS STATEMENT

® Use of exercise testing in the evaluation
c of interventional efficacy: an official ERS
rossMark
statement

TAELE 4 Responsiveness of the different tests to bronchodilators for chronic obstructive pulmonary disease [COPD),
vasodilators for pulmonary arterial hypertension [PAH] or pirfenidone for idiopathic pulmonary fibrosis [IPF)

Variable COFD PAH IFF
IET VOapeak Modest and inconsistent 1; few studies 1.5-2 mL-min 1-kg Vor
1T9-14%
VE-Voo, indices Anecdotal evidence 1 3-6 units/10-30%
CWRET tLIM 14/26 [54%) and 3/11 [27%) of reviewed

studies on long- and short-acting bronchodilators,
respectively, showed 1 =MCID [105 s)
Limited comparative evidence suggest that it is
more responsive than other tests
Isotime IC and dyspnoea Most studies show 1 =0.2 L and are associated
with improvernents in dyspnoea
intensity of =1 unit on a Borg scale

ISWT Time/distance Inconsistent 1; few studies
ESWT Time/distance Inconsistent 1; few studies Mo 1; few studies
sMWT Distance Most studies report increases <MCID [33 m) Pooled mean effect 38m 1 24 m with pirfenidone

IET: incremental exercise test; CWRET: constant work-rate exercise test; ISWT: incremental shuttle walk test: ESWT: endurance shuttle walk
test; SMWT: & min walk test; V 0upeak: peak oxygen uptake; 1: significant improvement; VE-V'cox ventilation-carbon dioxide output indices; tLM,:
time to the limit of tolerance, typically for constant work-rate tests; MCID: minimal clinically important difference; IC: inspiratory capacity.

MiiftiMedica Puente-Maestu et al. Eur Resp J 2016: 47: 429-460
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Cpx come risposta alla tp riconosciuto anche da ers nell’iperteso polmonare


TASK FORCE REPORT

ERS STATEMENT

Use of exercise testing in the evaluation
of interventional efficacy: an official ERS

CrossMark
statement

TABLE 2 Responsiveness of the tests to rehabilitation

Variable COPD PAH ILD Cystic fibrosis/ . .13
bromc hiectasis novich B
| | | | v d15
IET [ P Mean 1 of 11% Mean tof 1- I Mean t of I Limited evidence ar
1.5 miL-min~"-kg ™" 1.2 mbL-min"-kg™" suggests that itis
e ponSive
Wik Mean 1 of 68W Mo Limited evidence
suggests thatitis
e PN Sive
VE-Voo: indices Yes
CWRET T Yes; several studies; Limited evidence Limited evidence Limited evidence
usually large effects suggests that it is suggests thatitis suggests thatitis
Mot studies 1B PONS ve: TES PONS e res ponSive:
show 1 = MCID [105 s]
Limited comparative
evidence suggests that it is
IMONe MeSns v
than other tests
Isatime IC Yes Limited ¢ omparative
evidence suggests that
it is more responsive
than other tests
lsotime Yes
dyspnoea
EWT Time or distance Yes No available information Limited evidence No available
Mean t of 38 m suggests thatitis information
TES PONS ive:
ESWT Time or distance Yes No available information Limited evidence Limited evidence
Several studies supgests thatitis suggests thatitis
report 1 of 100-400 5 TS (B0 s ponsive
AMWT Distamoe Mean t of 44 m Improvements Yes
of 5080 m Mean 1 of 3m

COPD: chronic ebstructive pulmanary disease; PAH: pulmonary arterial hypertension; |LD: interstitial lung disease; |ET: incremental esercise test;
CWRET: constant work-rate exercise test; ISWT: incremental shuttle walk test; ESWT: endurance shuttle walk test; sMWT: 6-minwalk test; V'ose:
peak oxygen uptake; 1: significant improvement; WRma: peak work-rate [or peak power]; Ve-Voog ventilation—carbon dioxide output indices; tus
tinme to the Limit of nlerance, typically for constant work-rate tests; MCID: minimal clinically important difference; IC: inspimtery capacity.

Puente-Maestu et al. Eur Resp J 2016: 47: 429-460
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E anche come risposta al training. Questa slide mi serve per introdurre le ultime diapositive sul training nell’ipertensione polmonare.


Training cardio-respiratorio in PAH
Tancet 1998; 352: 719-25

Primary pulmonary hypertension

Sean P Gaine, Lewis 1 Rubin

Primary pulmonary hypertension (PPH) is a progressive disease characterised by raised pulmonary vascular resistance,
which results in diminished right-heart function due to increased right ventricular afterload. PPH eccurs most commonly
in young and middle-aged women; mean survival from onset of symptoms is 2-3 years. The aetiology of PPH is
unknown, although familial disease accounts for roughly 10% of cases, which suggests a genetic predisposition.
Current theories on pathogenesis focus on abnormalities in interaction between endothelial and smooth-muscle cells.
Endothelial-cell injury may result in an imbalance in endothelium-derived mediators, favouring vasoconstriction. Defects
in ionchannel activity in smooth-muscle cells in the pulmonary artery may contribute to vasoconstriction and vascular
profiferation. Diagnostic testing primarily excludes secondary causes. Catheterisation is necessary to assess
haemodynamics and to evaluate vasoreactivity during acute drug challenge. Decrease in pulmonary vascular resistance
in response to acute vasodilator challenge occurs in about 30% of patients, and predicts a good response to chronic
therapy with oral calcium-channel blockers. For patients unresponsive during acute testing, continuous intravenous
epoprostenol (prostacyclin, PGl,) improves haemodynamics and exercise tolerance, and prolongs survival in severe PPH
(NYHA functional class Ill-IV). Thoracic transplantation is reserved for patients who fail medical therapy. We review the
progress made in diagnosis and treatment of PPH over the past 20 years.

Management

advances in both medical and surgical treatment. Physical
activity should be limited, and medications that can

vasoactive decongestants, cardiodepressant  antihyper-
tensive drugs such as B-adrenergic blockers, and agents
that interfere with warfarin or potentiate the degree of
anticoagulation, such as non-steroidal anti-inflammatory
drugs. Places with low concentrations of ambient oxygen,
such as high altitudes or unpressurised aircraft, may
exacerbate  FFH. and some patients may need
supplementary oooygen. The  haemodynamic stresses of
pregnancy, particularly  immediately post-partum,  are
poorly  tolerated.  The  importance of  effective
contraception  should  be  emphasised,  but  oral
contraceptives should not be taken by patients with PFH
since they may increase the risk of thrombosis and may
exacerbate PPH.® Hormone-replacement therapy appears

to have no adverse effects on FPH in postmenopausal
WOMmETL


Relatore
Note di presentazione
La storia del training in pah è storia recente. Nel 1998 si leggeva che l’attività fisica doveva essere evitata in questi pazienti seguendo un lecito timore di peggioramento  sottoponendo il circolo polmonare alll’incremento di flusso dell’esercizio e per il timore di eventi da sforzo in questi malati.


Training cardio-respiratorio in PAH

Exercise Physiology

Exercise and Respiratory Training Improve Exercise
Capacity and Quality of Life in Patients With Severe
Chronic Pulmonary Hypertension

Derliz Mereles, MD*; Nicola Ehlken®: Sandra Kreuscher®; Stefanie Ghofrani, MD; Marius M. Hoeper, MD;,
Michael Halank, MDD, F. Joachim Meyer, MD; Gabriele Karger, MD; Jan Buss, MD; Jana Juenger, MD,
Nicole Holzapfel, MA; Christian Opitz, MD; Jorg Winkler, MD; Felix F.J. Herth, MD;, Heinrike Wilkens, MD,
Hugo A. Kams, MD; Horst Olschewski, MD; Ekkehard Griinig, MD

Background—Pulmonary hypertension (PH) is associated with restricted physical capacity, limited quality of life, and a
poor prognosis because of right heart failure. The present study is the first prospective randomized study to evaluate the
effects of exercise and respiratory training in patients with severe symptomatic PH.

Methods and Results—Thirty patients with PH (21 women; mean age, 50=13 years; mean pulmonary artery pressure,
5015 mm Hg: mean World Health Organization [WHO] class, 2.9+0.5; pulmonary arterial hypertension, n=23;
chronic thromboembolic PH, n=T) on stable disease-targeted medication were randomly assigned to a control (n=15)
and a primary training (n= 15) group. Medication remained unchanged during the study period. Primary end points were
the changes from baseline to week 15 in the distance walked in 6 minutes and in scores of the Short Form Health Survey
quality-of-life questionnaire. Changes in WHO functional class, Borg scale, and parameters of echocardiography and
2as exchange also were assessed. At week 15, patients in the primary and secondary training groups had an improved
G-minute walking distance; the mean difference between the control and the primary training group was 111 m (95%
confidence interval, 65 to 139 m; P<<0.001). Exercise training was well tolerated and improved scores of quality of life,
WHO functional class, peak oxygen consumption, oxygen consumption at the anaerobic threshold, and achieved
workload. Systolic pulmonary artery pressure values at rest did not change significantly after 15 weeks of exercise and
respiratory training (from 61=18 to 54+ 18 mm Hg) within the training group.

Conclusions—This study indicates that respiratory and physical training could be a promising adjunct to medical treatment
in severe PH. The effects add to the beneficial results of modern medical treatment. (Circulation. 2006;114: 1482-1489.)

Key Words: rehabilitation ® exercise m hypertension, pulmonary m pulmonary heart disease m quality of life

MifftiMedica
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Bisogna aspettare fino a 2006 per il primo stiduio pubblicato di training in pah 30 pz 15 settimane di training 3 in ospedale wload max 60-80% HR amx 120 bpm 85% satO2 non emodinamica/respiratory. Dopo di che molti studi ma spesso poco rigori ebasse numerosità tanto che ….


Training cardio-respiratorio in PAH

Heart, Lung and Circulation (2016) 25, 333-341 REVIEW
1443-9506/ 14 / $36.00

hitp:/ fdx.doi.orgs 10,1006/ j.hlc. 200510015

Effects of Exercise Training on Exercise ®

Capacity in Pulmonary Arterial
Hypertension: A Systematic Review of

Clinical Trials

Abraham Samuel Babu, MPT, FPVRI a',
Ramachandran Padmakumar, MD, DM b, Arun G. Maiya, MPT, PhD?,

Aswini Kumar Mohapatra, MD °, R.L. Kamath, MD, DM d

*Department of Physotherapy, Schoul of Allied Health Sciences, Manipal University, Manipal - 5761 M, Earnataka, Tndia
“Department of Cardiclogy, Kasharba Medical Collage, Manipal University, Manipal- 376104, Karnataka, India
Thepartment of Pulmenary Medicing, Kastarba Medical Collage, Manipal University, Manipa-576104, Kamataka, India
“Department of Cardiokgy, Kasturbn Medical Cellege, Manipal University, Mangalom, Kamataka, India

(Circ Heart Fail. 2015:8:11]52-11]-:!3.

Efficacy and Safety of Exercise Training in Chronic
Pulmonary Hypertension
Systematic Review and Meta-Analysis

Ambarish Pandey, MD; Sushil Garg, MD; Monica Khunger, MD; Sonia Garg, MD;
Dharam J. Kumbhani, MD, SM: Kelly M. Chin, MD; Jarett D. Berry, MD, MS

f#mﬁftil\/ledica
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Nelle utlime due review
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Training cardio-respiratorio in PAH
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Si parte da da 4402 e 1000 e si arirva a 15 5 randomizzati controllati 10 non ranndomizzati 482 pazienti


| Training cardio-respiratorio in PAH

European Heart Journal (2016) 37, 35—44 CLINICAL RESEARCH

dot10.1093/eurheartj/ehv337 Pulmonary circulation

EURCFPEAN
SCCIETY OF
CARCAOLOGY *

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'*f, Mona Lichtblau'’, Hans Klose?i, Johannes Weidenhammer!,
Christine Fischer3, Robert Nechwatal?, Soren Uiker?, Michael Halank?, Karen Olsson®,
Werner Seeger’, Henning Gall’, Stephan Rosenkranz?®, Heinrike Wilkens?,

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

Benjamin Egenlauf!, and Ekkehard Griinig!

Downloaded from http://heart. bmj.com/ on May 29, 2016 - Published b group bmj.com
) ala - - At Gy 4 (] - [] Nl [ ]

Puimonary vascular disease

ORIGINAL ARTICLE
Efficacy of cardiac rehabilitation after balloon

OPENACCESS  hulmonary angioplasty for chronic thromboembolic
pulmonary hypertension

Shigefumi Fukui,' Takeshi 0g|cu,1 Hiroshi Takaki,' Jin Ueda," Akihiro Ts,uji,1
__ o Yoshiaki Morita,” Reon Kumasaka,' Tetsuo Arakawa,’ Michio Nakanishi, '
‘#Rﬂuftil\ﬂedlca

Tetsuya Fukuda,” Satoshi Yasuda,' Hisao Oger.n'wa,1 Norifumi Nakanishi," Yoichi Goto'
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Nelle utlime due review


Training cardio-respiratorio in PAH: sicurezza

Table 5. Training-Associated Adverse Effects Reporied in Included Studies

Total No. of Exercise Exzercize Training—Helabed
Shudy Training Participants Fadverze Events
Merales et 2l 2006™ 15 Dizziness in 2 patients, low oopgen saburation
in 1 patient
Martimez-Quintana et al 2000 4 Exarcise infolerance
with cyancsis in 2 pabants
Fos et al 2041™ 1 Hors
Chan et al 20137 10 Hors
Lay et al 2013= 10 Hors
Wiinstedn et =l 2013% 1 Hors
Ehlken et al 2015™ di Hors
Bascher- Grinag et = 2013 a0 Hors
Gninig et al 201 2% ) Hons
Girilinig et al 200 1™ =t Dizzinass with training in 2 patients
Gninig et al 201 2" 183 Pres=yncops in 1 patient after training
Seff-limiting taciycardia in 2 patients during
BNEICiSE
Mainguy =t al 2000™ 5 Hons
Magel et al 7012 35 Syncope dunng exerczse in 1 patient
Herpees zoster in 1 pafient
Dia Man at &l 2000 19 Minor dizzoness in 2 patients
Fabitz ot al 2014 7 Hons
Inagaki et al 2014 ] iOine patient with hypotension
during training
Fils et &l 20142 17 Hors
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Pochi eventi in termini di sicurezza


Training cardio-respiratorio in PAH: capacita funzionale
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Note di presentazione
Risultati positivi come miglioramento della capacità funzionale- 


Effetti del Training in HF

Clinical Investigation

Hemodynamic Effects of Exercise Training in Heart Failure

GAIA CATTADORI, MD,' JEAN-PAUL SCHMID, MD,> NICOLAS BRUGGER, MD,” ERICA GONDONI, MD,'
PIETRO PALERMO, MD,' AND PIERGIUSEPPE AGOSTONIL, MD, PhD'*#

Milan, Italy; Bern, Switzerland; Seattle, Washington
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Fig. 2. Correlation between pre- and posttraining variations (A) of
calculated arteriovenous O, differences (a-v O-diff) vs. variation
of peak CO. Data are reported as percentage of changes.

Cattadori G. et al. J Card Fail. 2011: 17:916-22




Effetti del Training in PAH

Right ventricle dysfunction® Skeletal muscle dysfunction®

® Afterfoad mismatch ® s capillarization

® Right ventricle dilatation ® Jaoxidative enzyme activity

# Functional tricuspid valve regurgitation ® Muscle fibers hypotrophy
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Low cardiac nulput

Low DIWEH uptake

IE:nfcise limitation
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*Improved by approved drug therapy by reducing right ventricular afterioad
"improved by exercise training by increasing capillary density and oxidative enzyme activity

e#ﬁ?i&pftwledica Galie N., Manes A, Palazzini M. Eur Heart J 2016; 37: 45-48
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I dati sembrano indicare gli effetti del training su muscoli respiratori e periferici menon certi sull’emodinamica polmonare sui vasi e sul cuore destro su cui però agisce la terapia e si fa gioco di squadra…effetto sulla capacità funzionale ma servono dati sull’outcome


‘ Training cardio-respiratorio in PAH

European Heart Journal (2016) 37, 45—48 EDITORIAL
EURCFEMN dot10.1093/eurheartj/ehv440
SOCIETY OF
CARCADLOGY »

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

Nazzareno Galiel*, Alessandra Manes?, and Massimiliano Palazzini!

"Whiversity of Bologna, Department of Experimental, Diagnostic and Specialty Medicine-DIMES, Bologna, haly; and *5. Orsok-Malpighi University Hospital, Bologna, haly
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Certamente abbiamo dati positivi sulla capacità funzionale ma è altrettanto certo che bisogna attendere dati sicuri di outcome.
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Comunque l’attività fisica e il training compaiono come terapia nelle linee guida


Training cardio-respiratorio in PAH: Guidelines 2015

Table 16 Recommendations for general measures

Recommendations Class® | Level® | Ref.®

It is recommended that PAH patients
avoid pregnancy

Immunization of PAH patients against
influenza and preumnaococcal infection is
recommended

Peychosocial support is recommended in

PAH patients 168

Supervised exercise training should be
considered in physically deconditioned
PAH patients under medical therapy

In-flight O, administration should

be considered for patients in WHO-FC Il
and I'V and those with arterial blood O3
pressure consistently <=8 kPa (60 mmHzg)

In elactive surgery, epidural rather than
general anaesthesia should be preferred
whenever possible

Excessive physical activity that leads to
distressing symptoms is not
recommended in PAH patients

153—
157

@ 2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension
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Classe Iia con controindicazione per gli sforzi eccessivi sintomatici
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Che tipo di esercizio quanto con quali malati? Ecco le risposte …. Visto che siamo alla fine ho pensato di fare uno schema….
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Riguardando la lista dei trial quali consigli pratici…non veri limiti
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EDITORIAL

Exercise training for pulmonary hypertension: another

prescription to write?

Lewis J. Rubin

ar aver 3 vears | have been advising my patients with

pulmonary hypertension (FH) to be physically active to

2 level of exertion that does not produce sevene
dyspnoea persisting postsexercise, dizziness, synoope or chest
pain, based on the assumption that inactivity was bad bath
physically and mentally. This empirical advice meant ligthe in
the years before effective medical and surgical methods of
treating PH were developed, but gained importance both
a& a conditioning practice for patients considered for transe
plantation ar pulmonary endarterectomy, and as an adjunct to
longsterm medical therapy [1). Only recently, however, has
evidenoe supporting a meaningful benefit of physical activity
been generated, dispelling the notion that there may be more
harm than good resulting from attempting to increase blood
flow through a restricted and presumed noncompliant pule
monary visoular bed [2]) In this issee of the Eunopern Respingm
tory [ourmai, Geieas of & [3] bring our understanding of the
effects of exercise in PH a leap forward by demonstrating that
an intensive 3eweek inehospital rehabilitation programme
fallowed by a regimented home exercise programme nesulbed
in marked improvements in a vanety of exercise parameters,
as well as indices of quality of life. Furthermaore, these effects
persisted in the cohort nesevaluated after 15 weeks of training,
These results are even more impressive when one considers
that similar resulls were seen irespaective of the acticlogy and
functional severity of PH. The authors emphasise, however,
that supervision and monitoring are impartant, since episodes
of presynoope and syrcope were obsenved, although oo
fatalities resulted. Taken together, these data provide guidance
fiar instructing pabients an the pobential benefits and risks of
intensive training. : )

pulmonary artery systalic pressure using Doppler echocardios
graphy is dubious, at best, in patents with FH [&]; reliably
estimating pressure during exercise should be considered
more art than scienoe at | t. Similarty, g functicnal
clazs can be quite subjective and susceptible to unblinding bias.
Bevertheless, improvement in the more objective parameders,
inchading maximal oooygen consumption, resting and masdmal
heart rate, are convincing and support benefit. That even those
patients who failed to improve exercise capadty neverthelss
mmpraved their quality of life indices is strang evidence in
support of a programme that mcorporates physiotherapy and
pevchosocial support for PH, along with medical care

Caonis et &l [3] point out that this was not a randomised,
blinded trial, which would be impossible to achieve with this
therapy. It is also warth mofing that this is a single centre
experience, and duplication of these results from other centres
is nevded, not cnly to confirm them, but to demonstrate that
this aggressive programme is feasible elsewhere as well, and
therefore of potential relevance o many more patients. The
expense and need for the Jsweek inshospital phase should also
be recansidered, since this ks not feasible in many parts of the
workd. Additicnally, the authors applied the “last cbservation
carried forward (LOCF" statistical method to analyse the
results of patients who did not complete the full 15-week
programmie. However, the nonscompleters comprised a large
percentage (40F%) of the intal population, and LOCF would
give an overestimate of the “trec” treatment effect if those who
dropped out did =0 because of worsening for any cause [3)
Finally, as with medical therapy for FH, it will be important to
evaluate the maintenance and durability of these effects over a

In this Olympic vear we are enthralled by the gracefulness of
trained athletes and reminded of the benefits of physical
activity even for those of us who do not compete. GrinG ef al.
[3] now provide evidence that one of the prescriptions that we

Nt all of the individual results of this study
as the sum of its parts, however. The imprm
walk test reparted by Guiin of al. [3]) ane §
abserved in any clirical trial with medical th
even more dramatic when considering that n
already on combimation therapy. However, tf
is highly subject o a “learning effect”, even
training regimen, and the demin walk s
trials have typically been msch greater
subsequent double=blind trials [4]. Further

exercise. | can now look forward to the day when we will ho
a PH Special Olympics.

50 m or more have been observed in
im PH clinical trials [5]. In addition, reliably estimating resting
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Mi piace concludere con lo stesso autore che nel 1998 diceva di limitare l’attività fisica in questi pazienti e invece nel 2012 parla di training come nuova prescrizione e si augura nell’anno delle olimpiade di avere un giorno olimpiadi speciali per gli ipertesi polmonari
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Finisco da dove ho iniziato e come take home message 
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Semplicemente togliamo il punto di domanda.
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DA FICK SAPPIAMO CHE ….. COSì SI COMPORTANO SOTTO SFORZO …VEDREMO POI COSA SUCCEDE NEI MALATI….


A
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DA FICK SAPPIAMO CHE ….. COSì SI COMPORTANO SOTTO SFORZO …VEDREMO POI COSA SUCCEDE NEI MALATI….
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In pah sotto sforzo la gettata sistolica è ridotta con associata l’impossibilità di estrarre di più perché è anche la periferia malata per cui tutte le curve in giù. Questo non si può distinguere misurando solo vo2 ma esistono macchine di misura co non invasiva...


Test da sforzo cardiopolmonare + misura CO

Noninvasive Cardiac Qutput Measurement by Inert Gas Rebreathing
in Suspected Pulmonary Hypertension
Stefania Farina, MD", Giovanni Teruzzi, MD", Gaia Cattadori, MD", Cristina Ferrari, MD",
Stefano De Martini, MD", Maurizio Bussotti, MD", Giuseppe Calligaris, MD", Antonio Bartorelli, MD*>",
and Piergiuseppe Agostoni, MD, PhD*™"*

The objective of this study was to evaluate inert gas rebreathing (IGR) reliability in cardiac
output (CO) measurement compared with Fick method and thermodilution. IGR is a
noninvasive method for CO measurement; CO by IGR is calculated as pulmonary blood
flow plus intrapulmonary shunt. IGR may be ideal for follow-up of patients with pulmo-
nary hypertension (PH), sparing the need of repeated invasive right-sided cardiac cathe-
terization. Right-sided cardiac catheterization with CO measurement by thermodilution,
Fick method, and IGR was performed in 125 patients with possible PH by echocardiog-
raphy. Patients were grouped according to right-sided cardiac catheterization=measured
mean pulmonary and wedge pressures: normal pulmonary arterial pressure (n = 20, mean
pulmonary arterial pressure = 18 + 3 mm Hg, pulmonary capillary wedge pressure = 11+
5 mm Hg), PH and normal pulmonary capillary wedge pressure (PH-NW, n = 37 mean
pulmonary arterial pressure = 42 * 13 mm Hg, pulmonary capillary wedge pressure = 11
#+ 6 mm Hg), and PH and high pulmonary capillary wedge pressure (PH-HW, n = 68,
mean pulmonary arterial pressure = 37 * 9 mm Hg, pulmonary capillary wedge
pressure = 24 6 mm Hg). Thermodilution and Fick measurements were comparable. Fick
and IGR agreement was observed in normal pulmonary arterial pressure (CO = 4.10 +
1.14 and 4.08 % 0.97 L/min, respectively). whereas IGR overestimated Fick in patients with
PH-NW and those with PH-HW because of intrap ¥ ing overestimation in

i When i with arterial oxygen saturation (S0;) =90% were
ex;.]uded IGR and Fick agreement improved in PH-NW (CO = 4.90 £ 1.70 and 4.76 £
1.35 L/min, respectively) and PH-HW (CO = 4.05 + 1.04 and 4.10 + 1.17 L/min, respec-
tively). In hypoxemic patients, we estimated pulmonary shunt as Fick = pulmonary blood
flow and calculated shunt as: —0.2423 X arterial S0; + 21.373 Limin. In conclusion, IGR
is reliable for CO measurement in patients with PH with arterial S0; >90%. For patients
with arterial S0, £90%, a new formula for shunt calculation is proposed. © 2014 Elsevier
Inc. All rights reserved. (Am J Cardiol 2014;113:546—551)
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Con il gruppo di agostoni monzino abbiamo validato un metodo di misura ni co attraverso gas inerti. Misurando co e vo2 contemporaneamente a riposo ed eventualmente sotto sforzo si possono approfondire i meccanismi di malattia. Ma restiamo al nostro test da cardiopolmonare standard…starete dicendo è già abbastanza complicato…
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