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PH and clinical presentation: REVEAL reqistry

100% - J

-Low specificity of symptoms
-Delayed diagnosis (average 2.8 years between symptom onset and RHC)
-Exercise testing is recommended early for patient assessment

Brown LM et al, Chest 2011



EKTiuNoN TG AsitoupyikNg IkavotnTtacg otnv Y

- World Health Organization (WHO) functional classification
-a1TAOG, EUKOAOC, 1I0XUPA OXETICOMEVOC UE TTPOYVWON OEIKTNG
-UTTOKEIMEVIKOG

- 6BMWT
-a1TAn, eOnvr), EUKOAN KAl avaTTapaywyiun doKiyaoia

-TPOTTOC eKTEAEONC, “ceiling effect”, OxI HETABOAIKO Kal KAPAIOAVATIVEUOTIKO KOOTOG
AoKnong

- CPET
-TTEPIOOOTEPO AKPIPH Kal XpovoBOpo¢ dOKIPATia, aTTaITE EUTTEIPIO
-TTAPEXEI TTOAAEG TTEPIOOOTEPES TTANPOYPOPIES

- Stress ECHO

- RHC during exercise

Paollilo et al. Eur J Prev Cardiol 2011; ESC/ERS guidelines. Eur Heart J 2016



ERS TASK FORCE

Recommendations on the use of exercise
testing in clinical practice

“Cardiopulmonary exercise testing (CPET) should be considered the gold
standard for evaluating the causes of exercise intolerance in patients with
pulmonary and cardiac disease, and is based on the principle that system
failure typically occurs while the system (e.g. muscle—energetic,
cardiovascular or pulmonary) is under stress.”

Principles of Exercise Testing and Interpretation, 4th edn.
K Wasserman, ] Hansen, D Sue, W Stringer, B Whipp, eds

“H CPET amoteAei Tnv dokipaoia aocknong trou divel TV duvartotnta TNG
TAUTOXPOVNG EKTIMNONG TNG KUTTAPIKNG, AVATTVEUOTIKNG, KapoIlayyEIakng,
AIJOTTOINTIKNG, VEUPOWUXIATPIKAS KAl [MUOOCKEAETIKAC OTTAVINONG OF€
kKaBopiouévo BaBud aocknong, donAadry o€ KaBopliouEvo PaBud PETABOAIKOU
stress.
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Wasserman K, et al. Principles of exercise testing and interpretation, 2004



MetapAnTéc CPET kai pualoloyikeC Asitoupyieg

Variables Reflecting

Variables Reflecting

CBVoz/aWE>
Qo>

ECG
Blood pressure

Cardiowvascular Variables Reflecting Fulmonary Gas Exchangs
Function Ventilatory Function Efficiency
, @Mﬂg r@ Rafio of physiological
dead space
to tidal volume
Vo, at Vr Tidal volume:breathing

frequency relationships
Inspiratory capacity and

Pre- and postexercise

spirometry

end-expiratory lung volume

ooy Py P>

Spd- by pulse oximetry

Arena and Sietsema. Circulation, 2011




MetaBANTEC CPET: (pUOIOAOYIKEC TIMEC

Variables Criteria of Normality

Vo,max or Vo;peak > 84% predicted

Anagrobic threshold > 40% Vomax predicted; wide range of normal (40-80%)

Heart rate (HR) HRmax > 90% age predicted

Heart rate reserve (HRR) HRR < 15 beats/min

Blood pressure < 220/90

0, pulse (Vo/HR) > 80%

Ventilatory reserve (VR) MW - Vemax: > 111 or Vemax/MW X 100: < 85%.
Wide normal range: 72 + 15%

Respiratory frequency (fs) < 60 breaths/min

VeIVco, (at AT) <34

VolVr < 0.28; < 0.30 for age > 40 years

Paoz > 80 mm Hg

P(r-2)0; < 35 mm Hg

ATS/ACCP statement. Am J Respir Crit Care Med 2003



[TaBoguaoioloyia TNG EAATTWONG TNE IKAVOTNTOGS VI doknon otnv MY
PPH

t rve
.‘. Pulmonary Capillary Bed

EXERCISE LIMITATION
Sun et al. Circulation 2002



[TaBoAoyia doknong o€ aoBeveic ue MNAY: vedtepa dedouéva

Cardiac factors
J- RV stroke volume
T RV afterload
RV dyssynchrony
Impaired RV adaptation
RV Ischaemia
Tricuspid regurgitation
Ao LV preload
R-L PFO flow

Chronotropic incompetence

Skeletal muscle dysfunction
| Oxidative enzymes
1 Anaerobic enzymes
1 Metabolic acidosis
| Type | muscle fibres
| Muscle CSA
| Stremgth
Capillary rarafaction
Altered metaborefiex

N

v

Pulmonary factors
1 Pulmonary distensibility
t Arterial stiffness

Fulmonary endothelial
dysfunction

Rapid transit time
1 Perfusion

R-L shunting — | systemic
Oz

entilatory inefficiency
Increased dead space

Respiratory muscla
dysfunction

Other factors
Iron deficiency/anaemia

Systemic endothelial
dysfunction

1 Inflammation

1 Oxidative stress

1 Sympathetic activity

1 Physical activity levels

Tran et al Respirology 2017



The role of cardiopulmonary exercise
tests in pulmonary arterial hypertension

Stefania Farina', Michele Correale?, Noemi Bruno', Stefania Paolillo®,
Elisabetta Salvioni', Roberto Badagliacca® and Piergiuseppe Agostoni', on

behalf of the "Right and Left Heart Failure Study Group” of the Italian Society of
Cardiology

Eur Respir Rev 2018; 27: 170134

TABLE 2 Common cardiopulmonary exercise test findings in patients with pulmonary arterial
hypertension

Reduced parameters Increased parameters

Peak Vo, Vo/Vr during exercise [>30%]

WR Pa-a0; differences during exercise
lup to 45 mmHg or over]

0; pulse

V'o./WR Peak VE/VCO2

PeTco, at rest VE/NCO2@AT

PeTtco, at AT

0, saturation during exercise
Idrop >3% without Paco, rise)
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End-tidal Pco, Abnormality and
Exercise Limitation in Patients With
Primary Pulmonary Hypertension*

Yuji Yasunobu, MD: Ronald J- Oudiz, MID: Xing-Guo Sun, MD;
James E. Hansen, MD, FCCPF; and Karlman ‘.V.fmc rman, MDD, PhDD, FCCP
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Yasunobu et al. CHEST 2005



End-tidal Pco, Abnormality and
Exercise Limitation in Patients With

Primary Pulmonary Hypertension*

Yuji Yasunobu, MD; Ronald J. Oudiz, MD; Xing-Guo Sun, MD;
James E. Hansen, MD, FCCP; and Karlman Wasserman, MD, PhD, FCCP

Peak

Rest

: 29 PPH patients with
RHC and CPET

PETCO, (mmHag)

=0.22X+34 6

0

1v=0.15%+356

r=-0.51 P<0.005

1v=-0.21%+37.1

0

r=-0.53 P<0.004

r=-0.53 P=<0.004
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Yasunobu et al, CHEST 2005



Usefulness of Decrease in Oxygen Uptake Efficiency to
Identify Gas Exchange Abnormality in Patients with
Idiopathic Pulmonary Arterial Hypertension
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Tan et al. PLOS One, 2014



Cardiopulmonary exercise testing improves diagnostic
specificity in patients with echocardiography-suspected
pulmonary hypertension

OR (95% Cl) P Value fi-Coefficient OR (95% Q1) P Value
Age 0.98 (0.95-1.00) 0.08 -0.09 0.92 (0.85-0.98) 0.012
Sex 2.15(0.71-6.5) 017
BMI 0.78 (0.66-0.93) 0.004 -0.75 0.47 (0.26-0.85) 0.012
CPET parameters
VO, peak, mL/min/kg 0.85 (0.77-0.95) 0.005
AT, mL/min/kg 0.75 (0.61-0.93) 0.008 -0.35 0.71 (0.52-096) 0.03
PerCO,, mm Hg 0.72 (0.62-0.83) <0.001
Lowest VE/VCO, 1.37 (1.17-1.61) <0.001
VE/NVCO, slope 1.37 (1.17-1.59) <0.001 0.56 1.76 (1.24-2.48) 0.001
1.0 =
.J UG valier0.08. P<0.001 88 pts with potential PH based on Echo:
0.8 - value:0.98, P<0.
27 PH (PAH or CTEPH), 61 non-PH
3
E 0.6
]
0.4 -
0.2 T | | I 1
‘D0 02 0.4 0.6 o8 1.0

Zhao et al. Clin Cardiol 2016

1 - Specificity



Cardiopulmonary exercise testing for detecting
pulmonary arterial hypertension in systemic sclerosis

Daniel Dumitrescu, '*? Christian Nagel,>* Gabor Kovacs,® Tom Bollmann,®
Michael Halank,” Jérg Winkler,® Martin Hellmich,® Ekkehard Griinig,?
Horst Olschewski,” Ralf Ewert,® Stephan Rosenkranz'-

Table 2 Differences in key gas exchange parameters between patients without PAH (group A), patients with PAH (group B) and patients with

postcapillary PAH {gmup C)
Peak VO, Peak O, pulse | VE/VCO,@AT | | Nadir VE/ PeCO; @AT  Peak PgC0;  PeCO; difference
Group (mL/min/kgy | AT (mUminkg) | (mLbeat) (no unit) VCO; (no unlit)  (mm Hg) (mm Hg) peak—start (mm Hg)
(1) No PAH 17.5+4.7 11.0+2.3 9.0x2.2 32.425.4 30.925.0 35.024.7 36.2+4.7 28230
(2) PAH 11.0+2.9* B.0x22* 6819 44, 7+12.2* 43.0+10.5* 26.827.1* 27.7+6.7* -05+2.7*
(3) Postcapillary PH | 13.923.11%] | 101219t 7.7+1.8 36.5+5.4t% 35.5+5.6t% 32,6166t 33.325.7t 1.8+3.2¢
Peak VO, (ml/min/kg)
18,7 ml/min/kg
w3 173 consecutive SSc patients, who all
" ! underwent RHC and CPET
£ | T
% 14,0 S b
o
> : s
i v £
NoPAH  NoPAH PAH PAH Post-capillary PH
Heart 2017;103:774-782.

GroupA1 GroupA2  GroupB1  Group B2 Group C
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STATE OF ART

Cardiopulmonary exercise testing in patients with
pulmonary arterial hypertension: An evidence-based review
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H CPET oTtnv TTpOyVWOTIKN EKTIUNON TWV
aoBevwyv pe MNMAY



2 NUOAVTIKEC TTOPAPETPOI VIO TNV PapuTtnTa Kai TNV TTpoyvwaon TS PAH

Better prognosis

No

No

Longer (>500 m)*
Peak O, consumption >|5 mL/min/kg

Normal or near-normal

No pericardial effusion
TAPSE® 52,0 cm

RAP <8 mmHg
and C1>2.5 LUmin/m?

Determinants of prognosis
Clinical evidence of RV failure
Rate of progression of symptoms

Syncope
WHO-FC
6MWT

Cardio-pulmonary exercise testing

BNP/NT-proBNP plasma levels

Echocardiographic findings

Haemodynamics

Worse prognosis

Yes

Rapid

\ (5

v

Shorter (<300 m)

Peak O, consumption <12 mUmin/kg

Very elevated and rising

Pericardial effusion
TAPSE® <1.5 ¢cm

RAP >|5 mmHg
or Cl €2.0 Umin/m?

McLaughlin et al. J Am Coll Cardiol. 2009



2. NUOVTIKEC TTOPAPETPOI VIO TNV BapuUTNTa KAl TNV TTPOYVWON
¢ MNAY

Table 13 Risk assessment in pulmonary arterial hypertension

Determinants of prognosis*
(estimated |-year mortality)
Clinical signs of right heart failure Absent Absent Present
Progression of symptoms No Slow Rapid
Syncope No Occasional syncope” Repeated syncope®
WHO functional class LI Il v
6MWD >440 m 165440 m <|é5m

Peak VO, >15 ml/min/kg Peak VO, Peak VO, < | ml/min/kg
Cardiopulmonary exercise testing (>65% pred.) I1-15 ml/min/kg (35-65% pred.) (<35% pred.)
VEVCO, slope <36 VEVCO, slope 36449 VEVCO, slope 245
BNP <50 ngll BNP 50-300 ng/l BNP >300 ngfl
NT-proBNP <300 ng/l NT-proBNP 300~ 1400 ng/l NT-proBNP >[400 ng/l

RA area 18-26 cm?
Mo or minimal, pericardial
effusion

Low risk <5% Intermediate risk 5-10% High risk >10%

NT-proBNP plasma levels

RA area <18 cm?
Mo pericardial effusion

RA area >26 cm?

Pericardial effusion

Imaging (echocardiography, CMR imaging)

RAP <8 mmHg RAP 814 mmHg RAP >14 mmHg
Haemodynamics Cl 225 Vmin/m’ Cl12.0-2.4 Umin/m’ Cl <2.0 Uminfm?
Sv0, >65% SvO; 60-65% w0, <60%

ESC/ERS guidelines for the diagnosis and treatment of PH, Eur Heart J 2015



Xpnoiuol Trapauerpol TNG CPET yia Tov kaBopiouo NG
BaputnTtac TG NAY

Peak VO, % predicted

Peak VO, (mi/kg/min)
AT

Peak O pulse
PET -5 at rest

PET eop at Al
PET cop during recovery

VENCO, slope
AVO,/ Awork slope

Peak heart rate
A O, saturation (between peak exercise and rest)

Paollilo et al. Eur J Prev Cardiol 2011
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Exercise Pathophysiology in Patients With Primary
Pulmonary Hypertension

Xing-Guo Sun, MD; James E. Hansen, MD: Ronald J. Oudiz, MD; Karlman Wasserman, MD, PhD

Ye7712% £00
A re054,80:12
A L 158, Pe.000) 430

VE/VCO_@AT (% pred
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NYHA Class

—
&
<

100+

_i

Y=51+43%
r=0,49, SD=45 & 53 PPH patients
n=52, P=0.0001 with RHC and

i cycle CPET

15 20 25 30 35 40
NYHA Class

Circulation 2002



End-tidal Pco, Abnormality and
Exercise Limitation in Patients With
Primary Pulmonary Hypertension*

Yuji Yasunobu, MD; Ronald J. Oudiz, MD; Xing-Guo Sun, MD;
James E. Hansen, MD, FCCF; and Karlman Wasserman, MD, FhD, FCCP

PETCO, (mmHg)
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52 PPH patients vs 9 controls
CHEST 2005



Incremental prognostic value of cardiopulmonary exercise testing and resting
haemodynamics in pulmonary arterial hypertension

Roland Wensel *"*, Darrel P. Francis ?, F. Joachim Meyer ©, Christian F. Opitz 4 Leonhard Bruch ©,
Michael Halank !, Jérg Winkler & Hans-Jiirgen Seyfarth h Syen Glaser !, Friedrich Blumberg/, Anne Obst
Michael Dandel ¥, Roland Hetzer ¥, Ralf Ewert '

1.0 peakVO, (% predicted)
L. e 65 08
0.8
. 064 46,20 - B4.52
z
@
0.4 34,12 - 45.28
0.2 =34 09
00— T
0 2
Time (years)
At Risk: 56 - - - 42 20
57 S 45 ar 32 20
57 48 41 33 25 18
56 a5 2B 22 20 16
Survival: 1004 100 1.00 098 0.88%
083t 085 0.7e 0es 083t
0.88*t 0BS5S 0.57 051 041f
070" D48 0.40 034 023%

226 pts with idiopathic or
familiar PAH

1.04
==E0 min"
0.8
42-80 min"
= 0.6 4
=
= 27-42 mir™
o 0.4 -
<27 mir”
0.2
0.0 T T T T T
0 1 2 3 4 5
Time (years)
At Bigk: 54 &1 49 41 38 34
54 B3 45 41 35 22
54 41 34 28 19 14
54 40 23 16 12 10
Survival: 098" 084 0.88 0.84 0.81*
0.98* 0.BB 0.86 0.78 072
0.78 0.66 0.56 0.46 0.38
0.74 047 0.39 0.33 0.30

International journal of cardiology 2013



Ventilatory efficiency testing as prognostic value
in patients with pulmonary hypertension

Martin Schwaiblmair’, Christian Faul, Wolfgang von Scheidt and Thomas M Berghaus

( VelNCO2 | Survivors  Nonsurvivors p
100 <55 (n=87) (h=29)
m PAP, mmHg 410425  I6+26  ns
80 1 Cl, L*mir-1*m-2 2304012 2314021 ns
(p < 0.001) PVR, dynes * 5 * cm-5 6338+682 51+766 ns
Survival ] RAP, mmHg 7224079  BS5+188  ns
(%) 40 I_;";?wam 67.7+80 ¥I+15 0023
VeNCO2 . mimin/kg [FLESF Wo£10  ns
20 25b AT, mlminkg 965+087  709+107 ns
02 pulse, ml/min/beat 980+ 081 779+064 ns
0 ' ' ' VeNO32 - AT 421%2] 569+26 000
0 10 20 30
Time after initial evaluation VeNCO2 - AT 4754322 644+23 <0001
(months) AaDO2 - peak exercise mmHg  52B+28 675+42 0009
Figure 2 Kaplan-Meier plot relating survival to Ve/VC02 at a-t C02, mmiig 63+08  1o+11  ooi4
anaarobic threshold. VeMCO2 slope 470432 &4+75 0014
i r

Survival of 86 PPH and 31 CTPH

patients at 24 months
BMC Pulmonary Medicine 2012



Exercise testing to predict outcome Iin
idiopathic versus associated pulmonary
arterial hypertension

Gael Deboeck*, Cristina Scoditti#_, Sandrine Huez*, Jean-Luc Vachiery*,
Michel Lamotte*, Linda Sharples', Christian Melot* and Robert I'~.Iaue*ij|&§

IPAH APAH
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02-
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a) 86 IPAH patients and b) 50 APAH patients
Eur Respir J 2012



Exercise testing to predict outcome In
idiopathic versus associated pulmonary
arterial hypertension

Gael Deboeck*, Cristina Scoditti#_, Sandrine Huez*, Jean-Luc Vachiery*,
Michel Lamotte*, Linda Eharph@s'+ Christian Melot” and Robert I\Iz:ua'rijle§
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a) 86 IPAH patients and b) 50 APAH patients
Eur Respir J 2012



Prognostic Relevance of Changes in Exercise Test
Variables in Pulmonary Arterial Hypertension

baseline change baseline change
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65 IPAH at baseline and 43 of them

after 13 months median follow-up
Groepenhoff et al. PLOS ONE 2013



[TapakoAouBnon acBevwy ue MNAY

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

At baseline Every 3-6 Every 6-12 3-6 months after In case of clinical
months* months* changes in therapy* worsening
mzﬁﬁnﬂmm ! i ' * *
ECG + + + + +
6MWT/Borg dyspnoea score + + + + +
| CPET + ¥ +, |
Eche - + + +
Basic lab® + + + + +
Extended lab® + + +
Blood gas analysis® + + + +
Right heart catheterization + + 4 4

ESC/ERS guidelines for the diagnosis and treatment of PH, Eur Heart J 2015
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Treatment Goals of Pulmonary Hypertension

Journal of the American College of Cardiology
Vol 62, No. 25, Suppl D, 2013

Variables Used in Clinical Practice to Determine
Table 1 Response to Therapy and Prognosis in Patients
With PAH

Functional class
| or 1l
Echocardiography/ CH R
Mormal,/ near-normal RV size and function

Hemody namics
Mormalization of RV function (RAP <=8 mm Hg and Cl >2.5 to 3.0 I/min/m<)

6-min walk distance
=380 to 440 m; may not be aggressive enough in young individuals

Cardiopulmonary exercise testing

Peak VO =15 ml/min/kKg and EQCOs; <45 I/ min/l/ min
B-type natriuretic peptide level

Mormal

Cl = cardiac index; CMR = cardiac magnetic resonance; EqQC0s = vertilatory eguivalent for carbon
dioxide; PAH = pulmonary artedal hypertension; RAP = right atrial pressure; RV = rght ventricular;
Vi, = peak oxygen consurmption.

McLaughlin et al, JACC 2013



Effects of Iloprost Inhalation on Exercise Capacity and Ventilatory Efficiency in =

exercise duration (sec)

VE vs. VCQ, slope

800

=
=1
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30

Patients With Primary Pulmonary Hypertension
Roland Wensel. Christian F. Opitz, Ralf Ewert, Leonhard Bruch and Franz X. Kleber
Circulation 2000:101:2388-2392

p < 0.05

baseline iloprost

p < 0.05

e

-

baseline iloprost

18

16 A p < 0,05

14 4
12 4

10 4

VO, max (ml kg min™)

baseline iloprost

11 patients with PPH, before and after
the inhalation of 17mg of iloprost.



Bosentan treatment in patients with primary pulmonary hypertension
receiving nonparenteral prostanoids

M.M. Hoeper, N. Taha, A. Bekjarova, R. Gatzke, E. Spiekerkoetter

Baselme  Imonths  p-value 7 -
- 20- 9
Work rate W 43420 63117 <00001 =
femax beats-min” 133216 139%16 0.03 E 154 8 g
Vomnlnif'hg' 11023 BE36 QM0 2 g :
_ATml-mn™kg 1024222 117429 0007 € 104 =
Peak oxveen pulse mL-beat”™ 57415 68420 0.0004 f o—
V'Emax L-min” 4584145 576150  <0.0001 5
VEV'CO, at AT §234149 4494103 0.004
Peak SBP mmHg' 120517 139221 <0.0001 0 Baseline 3 months

Treatment

20 patients with PPH under

inhaled iloprost or oral beraprost

alone (baseline) and 3 months

after bosentan add-on. Eur Respir J 2003



End Tidal CO, Tension

Pulmonary Arterial Hypertension vs Pulmonary
Venous Hypertension and Response to Treatment

A B
Effect of Prostaglandin Increase on ETCO2 Change in ETCO2 by Clinical Response
40~ * 10+ ®
o——"/. o
5+ @ °
301 ;é o e 000
=) o
t E 0] oo
£ — —a £
20+ 7¢f‘
-5+ o
1c L § ] '1c ] L}
ETCO2 Pre ETCO2 Post Poor Good

14 PAH patients on prostaglandin,
11 months median follow-up

Hemnes et al, CHEST 2011



Acute and chronic effects of surgical
thromboendarterectomy on exercise capacity and
ventilatory efficiency in patients with chronic
thromboembolic pulmonary hypertension

T Iwase, IN WNagava, M Ando, T Satoh, F Sakamaki, 5§ Kyotani, H Takaki, Y Goto,
Y Ohkita, M Uematsu, N MNakanishi, K Mivatake
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Heart 2001



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

Luis Puente-Maestu"#~, Paolo Palange®, Richard Casaburi®,

Pierantonio Laveneziana®’, Francois Maltais®, J. Alberto Neder”'°,

Denis E. O'Donnell'!, Paolo Onorati*'?, Janos Porszasz’, Roberto Rabinovich'?,
Harry B. Rossiter>'*, Sally Singh'®, Thierry Troosters'®'” and Susan Ward'®

TABLE 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 COPD PAH
IET V' 0,peak Modest and inconsistent 1: few studies 15-2 n'|L~n'|in"'~qu"I or
1 9-14%
V'E-V'co: indices Anecdotal evidence ,LB—& 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 g
Limited comparative evidence suggest that it is
more responsive than other tesis
Isotime IC and dyspnoea Most studies show 1 =0.2L and are associated
with improvements in dyspnoea
intensity of =1 unit on a Borg scale
ISWT Time/distance Inconsistent T; few studies
ESWT Time/distance Inconsistent 1; few studies Mo 1: few studies

Eur Respir J 2016
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Exercise and Respiratory Training Improve Exercise Capacity and Quality of Life in .
Patients With Severe Chronic Pulmonary Hypertension

Control Group

Scores

& & & & & &
SF-36 Subscales

-25-
- Norm pop
-&- 15 Weeks

-=—-Baseline

Circulation

JOURNAL OF THE AMERICAN HEART ASSOCLATION

Scores

100+

754

-25-

Primary Training Group

& & & & & & < &

SF-36 Subscales

-%Norm pop
-8- 15 Weeks
-=—Baseline

30 pts with PAH or CTPH, NYHA=2-3

3 weeks hospital training
12 weeks home-based training




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

TABLE 3. Respiratory and Hemodynamic Variables at Baseline and After Intervention

Control Group (n=15)

Primary Training Group (n=15)

Baseline 3 wk 15 wk Baseline 3 wk 15 wk
Workload g, W 64+22 60+24 6720 70+17 85+26*t 90+25*t
Borg scale 15+2 15+1 16+1* 15+2 15+2 15+2
HR o, bpM 71+17 74+11 72+11 72+11 73+11 75+11
HR,z bPM 10819 10722 11020 118+16 125+15% 132417+
VEnas L - min 41.6+14.6 405+14.1 43.4+15.3 44.2+13.8 47.1+15.1 48.5+15.1
V02 peato ML+ min~" - kg™ 11.9+3.1 11.6=3.4 11.4+3.3 13.2+3.1 14.5+3.5% 15.4+3.7¢
V02 % prediced, % 46.3+10.7 459+14.6 49.8+12.7 51.6+16.3 56.5+18.0* 60.3+19.6*
Workload at AT, W 35+17 31+16 36+17 45+14 56+21*F 65+19*F
Vo, at AT, mL/min 640.7+187.4 613.4+206.6 6104+2004 736.6+210.3 802.3+229.8f  865.4+264.7*t
Eqco, at AT 42.4+11.3 50.7+10.8*  43.5+10.5 44.4+11.5 42.6+9.8t 42.9+10.4
Echocardiography
PASP, ., mm Hg 68+21 71+23 70+25 61+18 57+18% 54+18t
PASP ax axerciss, MM Hg 98+28 104+29 10230 89+17 84+23t 89-+20
Cardiac indeXes, L - min™" - m™2 1.4+0.3 15+0.4 1.6+0.5 15+05 1.6+0.3 1.6=0.4
Cardiac indeXpay, L - min~" - m~2 1.9+0.7 1.8+0.7 1.9+0.7 2.3+0.6 2.3+0.7 25+1.1
RV area,, cm?/m? 16.2+5.8 16.0+4.3 13.3+4.7 13.0+3.9 14.2+4.3 12.2+3.8
RV area,,,, cmz/m? 17.0+6 17.2+4.8 16.4+4.8 13.7+4.0 14.2+4.3 14.0+2.7
RA area,,q, cm?/m? 13.5+4.4 15.5+5.7 13.8+3.3 12.7+39 13.2+4.1 12.8+3.8
RA area,, cm¥/m? 15.3+4.8 15.0+5.9 14.7+3.9 13.9+45 14.8+4.3 12.3+3.3

Circulation. 2006:114:1482-1489



Safety and efficacy of exercise training in
various forms of pulmonary hypertension

Ekkehard Griinig****, Mona Lichtblau****, Nicola Ehlken*, Hossein A. Ghofrani®,

Eur Respir J 2012; 40: 84-92

Frank Reichenberger®, Gerd Staehler’, Michael Halank", Christine Fischer®,
Hans-Jiirgen Seyfarth’, Hans Klose**, Andreas Meyer**, Stephan Sorichter"”,
Heinrike Wilkens'*, Stephan Rosenkranz®®, Christian Opitz’/, Hanno Leuchte***,

Gabriele Karger**#, Rudolf Speich”"’

Change in 6 MWD m

168 -

112

56 -

and Christian Nagel*

183 patients with PH of various
forms and severity

Baseline 3 weeks

IPAH/HPAH
(n=87)

Baseline 3 weeks

APAH
(n=48)

Baseline 3 weeks

CTEPH
(n=31)

Baseline 3 weeks

PH
(n=19)




Safety and efficacy of exercise training in

various forms of pulmonary hypertension

Characteristics

Baseline 3 weeks 15 weeks
Mean+tsp 95% Cl Mean+sp Median 95% Cl p-value Meantsp Median 95% ClI p-value
Subjects n 183 183 103
6MWD by PH aetiology m
All 425+106 410-441 493+110 478-510  <0.001| 506+ 104 486-528  <0.001
IPAH/HPAH (n=87/87/53) 448+89 429-467 523+89 503-542  <0.001| 543474 522-563  <0.001
APAH (n=46/46/18) 427+113 393461 4824123 445-518  <0.001| 454+132 392-516  <0.001
CTEPH (n=31/31/18) N7+110 377-457 4824126 436-528  <0.001| 512481 473-551 0.001
PH (n=19/19/11) 327 +100 279-375 403+86 362-444 <0.001] 407+118 328-486 <0.001
Cardiopulmonary exercise testing
Peak "0, per kg mL-min™'-kg™' 122435 13.6+4 <0.001 139438 <0.001
Peak V'O, mL-min™' 907 +276 1006 +308 <0.001 1011+292 <0.001
Eqco. at AT 452+9.6 43.6+10.6 0.249 443+108 0.225
V0, at AT mL-min™ 692 +214 M2+236 0.216 790+261 0.007
Oxygen pulse 7.5+21 79+24 <0.001 7.7+24 0.001
PASP rest mmHg 29+20 o7/ +20 0.028 S6+20 0016
PASP maximum mmHg 91+26 91+26 0.542 95+ 26 0.512
Heart rate rest min™! Fr+13 74+ 11 <0.001 80+13 0.009
Heart rate maximum min 122+ 19 127 +22 <0.001 133%+20 <0.001
RRsys rest mmHg 17117 114+15 0.016 113+ 14 0.019
RRdia rest mmHg 78+14 75+9 <(0.001 77+9 0.128
RRsys maximum mmHg 150+ 26 151+24 0.615 150+ 24 0.719
RRdia maximum mmHg 86+ 14 86+12 0.617 87+12 0.667
Borg scale 15.6+2 15.6+2 0.896 15.7+2 0.100
Workload maximum W 64+24 77+28 <<0.001 80+27 <<0.001




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

| © Control
— 15 e
£ @ Training .
= Training vs.
£ 10— Control
3 P<0.001
E ° |
oo ® v o o
<N 5 ® s ® e :
g ¢80 % g =, +3.1%2.7
X 9 o °| PP o2 - equals +24.3%
g il " “% 02£23 %
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i~ equals +0.9%,
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Baseline peak VO,/kg [mL/min/kg]

87 patients with
PAH or CTPH
RCT of 15 weeks of training

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

European Heart Journal (2016) 37. 35—44
doi:10.1093/eurheartj/ehv337




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

A Change of mean pulmonary arterial pressure B Change of pulmonary vascular resistance
. absolute change (control-group corrected) absolute change (control-group corrected)
2 original data -8 mmHg, P=0.007 B original data —174 dynes *s *cm™, P<0.001
£ < 30 Multiple imputation —5 mmHg, P =0.002 8 01 multiple imputation —106 dynes * s *cm~, P =0.06
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C Change of cardiac output D Change of cardiac index
absolute change (control-group corrected) absolute change (control-group corrected)
original data +1.1 L/min, P<0.001 original data +0.5 L/min/m?, P<0.001
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Efficacy and Safety of Exercise Training in Chronic Pulmonary Hypertension: A Systematic

Review and Meta-Analysis

Ambarish Pandey, Sushil Garg, Monica Khunger, Sonia Garg, Dharam J. Kumbhani, Kelly M. Chin

A
Study

Becker Grunig 2013
Grunig 2012
Grunig 2011

Grunig 2012 ERJ
Ihle 2014
Kabitz 2014
Mainguy 2010
Nagel 2012
Mereles 2006

Chan 2013
Fox 2011
Ley 2013
Martinez-quintana 2010
Weinstein 2013
Man 2009
Inagaki 2014
Overall (WMD)
(17=84.9%; P <0.01)

and Jarett D. Berry
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Effect of rehabilitation on 6 MWD

Mean Diff (95% C1) %Weight

63.0 (35.9,90.1) 6.37
61.0 (25.1,96.9) 5.52

87.0 (73.1,100.9) 7.49 -16
81.0(71.4,906) 7.74 studies

9.0(-17.6,35.6)  6.42
81.0 (58.3,103.7) 6.78 -484 pts

58.0 (12.9, 103.1) 4.68
101.0 (79.5, 122.5) 6.88

96.0 (69.8, 122.2) 6.45

56.0 (23.9,88.1)  5.89
32.0 (9.7, 54.3) 6.81
91.0 (61.2, 120.8) 6.10
-56.3 (-116.1,3.5) 3.57
53.0(27.2,78.8) 6.49
14.7 (-15.0, 44.3) 6.12
33.0(9.3,56.7)  6.69
57.7 (42.5, 72.8) 100.00

Circ Heart Failure 2015



Efficacy and Safety of Exercise Training in Chronic Pulmonary Hypertension: A Systematic

Revi

ew and Meta-Analvsis

Effect on peak VO2 (A) ml/kg/min (B) ml/min

Mean Diff (952% Cl) % Weight

A Study
: 0.9 01, 1.9) 111
Becker Grunig 2013 o ( )
: 2.3 (0.8, 3.8 5.2
Grunig 2012 - ( )
; 2.1 (1.2, 30 13.7
Grunig 2011 - ( )
1.700.8. 22 40.3
Grunig 2012 ERJ S ( )
‘ 1911, 2.7 16.2
Nagel 2012 . ( )
- 2.2 (0.5, 3.9) 3.7
Mereles 2006 P
1.4 (-4.1,6.9) 0.4
Chan 2013
: 1.1(0.0, 2.2 9.4
Fox 2011 —— ( )
1.7 (1.3, 2.0 100
Overall (WMD) Q ( )

(12 =0.0%; P = 0.60)
€ Does not favor exercise training 0

B Study

Favors exercise training =>

Mean Diff (95% Cl1) 9% Weight

Becker Grunig 2013

Grunig 2012
Grunig 2012 ERJ
Nagel 2012

Mereles 2006

. 94.0 (-13.4, 201.4) 9.2
s 65.0 (-28.5, 158.5) 12.1
i 104 (62.8, 145.2) 62.3

178 (71.8, 284.2) 9.4
129.4 (6.9, 251.9) 7.0
100

Overall (WMD)

Downloaded from http://circheartfailure.ahajournals.org/ at New Y
(1=0.0%; P = 0.61)

ork University/ Medical Center--New York m1y12(% 6' A39. 6)
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FLAGSHIP SCIENTIFIC JOURNAL OF ERS

ERS statement on exercise training and
rehabilitation in patients with severe chronic
pulmonary hypertension

2018 as doi: 10.1183/13993003.00332-2018

In studies among 784 PH patients in total:

As exercise training appears to be effective, cost-efficient and safe, but is scarcely reimbursed,
support from health care institutions, commissioners of health care and research funding institutions
are of high need. There is a strong need to establish specialised rehabilitation programmes for PH

patients to enhance patient access to this treatment intervention.



2. UUTTEQACOTO

H avarrtuén MY ouvodeueTal atrd Trpwipa Kal Jn €1I01IKA CUPTITWHATA KATA TNV
aoknon

H au¢non Twv TTVEUUOVIKWY QYYEIOKWY QVTIOTAOEWY 0dNYEi, aQeVOg, O€ JEiwon
Tou KAOA Kal TTEPIPEPIKN UTTOAPDEUOCT) KaI, APETEPOU, OE AULNON TOU VEKPOU
XWPOU KAl UTTEPAEPICHO

Karta tnv CPET: xaunAé peak VO2, AT, 6ykog TraApou, WR o€ ouvduaouod ue
uwnAo VE/NVCO2 kai xaunAod PETCO2: €1d1ka yia [TY

H uwnAn peak VO2 (>15 ml/kg/min) ka1 o xapnAog VE/NVCO2 (<36) cival, uetacu
AAAWV, 101AITEPA ONUAVTIKES TTAPAPETPOI YIA TV AVAYVWPIOT acBevwv
KAAUTEPNG TTPOYVWONG

H peak VO2, to TTnAiko VE/VCO2 ka1 n PETCO2 atroteAoUv XpACIUES
TTOPANETPOUC YIA TNV TTAPAKOAOUONON TNC AVTATTOKPIoNG OTN BepaTreia

H évragn o€ eOTOMIKEUNEVO TTPOYPAHMHO AOKNONG Eival A0@AANG Kal BEATIWVEI
ONMAVTIKA TNV IKAVOTNTA YIa aoknon Twv acBevwyv pe MY
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