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» Korperliche Belastung und PAH

» PAH- Ein rehabilitationsmedizinischer Approach

> Pulmonale Rehabilitation bei PAH an der Klinik Barmelweid
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Kdrperliche Belastung und PAH
Symptome und Risiko

TABLE 1. Risk Assessment in PAH'

an Clﬁi I WHn Uiﬂ- ” 'll'l"l"lﬂ ﬂﬁi l“ WHD m355 “Ir Determinants of prognosis®
Class | — Patlents with Class |l — Patients Class 11l - Patients Patients with (estimated 1-year mortality) Low risk <5% Intermediate risk 5%-10% High risk >10%
pulmonary hypertension with pulmonary with pulmonary [:"-”n_.“:'n ar ) _ Clinical signs of right heart failure Absent Absent Present
but without resulting hypertension resulting § hypertension resulting I’I‘_.f_|:h:= . rF_.elns_uJ'"r!_ w.""l, Progression of symptoms No Slow Rapid
limitation of physical in slight limitation of in marked limitation inability to carry out , . .
activity. Drdlrmﬁ |CI||'I'_\I'S|IZ3| EﬂZ:ﬂ'u"l‘['_\l'_ af ﬂ-hﬁiﬁm E‘l[‘.‘t|‘il'|['_'p'_ Eﬂ'_l' physical activity Syncope No Occasional syncope! Repeated syncope!
physical activity does They are comfortable They are comfortable without symptoms. WHO functional class 1l n v
not cause undue at rest. Ordinary at rest. Less than "T'_E'—'f?FF';'“[E“TH : 6MWD >440 m 165-440 m <165m
dyspnoea or fatigue, physical activity ordinary activity ﬁ"ﬂ' ﬂ:é,;l%n;' ':'”_. Peak VO, >15 mL/min/kg Peak VO, 11-15 mL/min/kg Peak VO, <11 mL/min/kg
chest pain, or causes undue dyspnoes | causes undue dyspnoea D;E': i Cardiopulmonary exercise testing (>65% pred.) (35%-65% pred.) (<35% pred.)
near syncope. or fatigue, chest pain, or fatigue, chest pain, rayﬁ-lr;JTrfr?aa 'L L VENCO, slope <36 VE/VCO, slope 36-44.9 VE/VCO, slope 245
OF near Syncope, Or near syncope. & eﬁT even at rest N iR s Taviis BNP <50 ng/L BNP 50-300 ng/L BNP >300 ng/L
Discomfort IS ool P P NT-proBNP <300 ng/L NT-proBNP 300-1400 ng/L NT-proBNP >1400 ng/L
increased by any Imaging (echocardiography, RA area <18 cm? No :fr:ir::n?l-z:r::::dial RA area >26 cm?
physical activity. CMR imaging) No pericardial effusion eﬁusio"n Pericardial effusion
RAP <8 mm Hg RAP 8-14 mm Hg RAP >14 mm Hg
Hemodynamics Cl122.5 L/min/m? Cl 2.0-2.4 L/min/m? Cl <2.0 L/min/m?
Adapted from: Barst R, MeGoon M, Torbicki A at al, J Am Coll Cardial 2004,43.405-475, Sv0,>65% Sv0, 60%-65% Sv0, <60%




Kdrperliche Belastung und PAH BARMELWEID

» Belastungsdyspnoe,

(Pra-)Synkopen
» physische Inaktivitat

» muskulare Dysfunktion
» Reduzierte

Leistungsfahigkeit

» Angst und Depression

» Reduzierte QoL

Osadnik CR, Rodrigues FMM, Camillo CA, Loeckx M, Janssens W, Dooms C, et al. Principles of Rehabilitation
and Reactivation. Respiration. 2015;89(1):2-11. 4



Korperlichen Trainings bei PAH - Con
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Mild to moderate

60
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Erhohtes Risiko eines/r

» Plotzlichen Herztodes

» Exazerbation des Rechtsherzversagens

» Zunahme des pulmonalen Remodelings
und Zunahme der PH

Gaine SP, Rubin LJ. Primary pulmonary hypertension. Lancet Lond Engl. 1998 Aug 29;352(9129):719—
25.

Hauptrisiken korperlichen Trainings bei PAH

» Hamodynamische Auswirkungen einer
plotzlichen Verschlechterung der RV-
Funktion (COV)

> Arrhythmlen und Synkopen

La Gerche A, Claessen G. Is exercise good for the right ventricle? Concepts for health and disease. Can J
Cardiol. 2015 Apr;31(4):502-8..

2. Mar PL, Nwazue V, Black BK, Biaggioni |, Diedrich A, Paranjape SY, et al. Valsalva Maneuver in
Pulmonary Arterial Hypertension: Susceptibility to Syncope and Autonomic Dysfunction. Chest.
2016;149(5):1252-60.
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Kdrperlichen Trainings bei PAH - Pro BARMELWEID

+ Mean peak flow
. velocity
+ Mean pulmonary
blood volume

+ Capillary density
| + Exercise capacity
| + Physical activity
+ Muscle strength (peripheral, respiratory)
|| ~ Fatigue

oo M\ M RseiReN

o

Muscle Circulation 7} Ventilation

Increase in RV

K. Wasserman: Principles of Exercise Testing and Interpretation. Including Pathophysiology and Clinical
Applications. Fifth edition. Lippincott Williams and Wilkins Verlag, Philadelphia, 2011.

Inhibition of SMC
proliferation

perfusion and \
contractility

& |
> Exercise e Exercise
=%of SMC - PA diameter
- RV end-diastolic pressure
PH + RV capillary density
Improvement in
symptoms, exercise capacity, Qol, hemodynamics (?)

Marra AM, Egenlauf B, Bossone E, Eichstaedt C, Griinig E, Ehlken N. Principles of rehabilitation and

reactivation: pulmonary hypertension. Respiration. 2015;89(4):265-73.



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

Ekkehard Grﬁnig*’**', Mona Lichtblau*"**, Nicola Ehlken*, Hossein A. Ghofrani#,
Frank Helchenberger , Gerd Staehler’, Michael Halank’, Christine Fischer® .
Hans-Jirgen Seyiarth‘ Hans Klose**, Andreas Meyer## Stephan Sorichter’’,
Heinrike Wilkens™, Stephan Rosenkranz , Christian Opitz’/, Hanno Leuchte***,
Gabriele Karger*#*#, Rudolf Speich’"" and Christian Nagel*
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O Change in BMWD B Change in MWD

from baseline from baseline
P H (n: 183) after 3 weeks after 15 weeks
.' 2204 =26 n=13 n=137 n=76 n=24 n=10

3w inhospital

+12w home-training
(u.a. Velo10-60W, Hf 60-
80%Hfmax)

Change in 6MWD m

Change in 6§ MWD m

170

120 A

T0 4
|

20 -

-30 4 p<0.001 p<0.001 p<0.001 <0.001__ p<0.001 p—n 010
T

Baseline 3 weeks Baseline 3 weeks Baseline 3 weeks Baseline 3 weeks

IPAH/HPAH APAH CTEPH PH Il II |
(n=87) (n=48) (n=31) (n=19) WHO functional class

oMWD
Adverse events 13%,(respiratory infections, syncope or presyncope)

Grlnig E, Lichtblau M et al. Eur Resp. J 2012



Safety and efficacy of exercise training in
various forms of pulmonary hypertension
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PH (n= 183)

Baseline 3 weeks 15 weeks

Mean+so 95% Cl Mean+sp Median g95% CI p-value Mean+so Median 95% Cl  p-value

3w inho sSp ital Cardiopulmonary exercise testing

. . Peak V' ka mL-min--ka-! 129415 _— oot 1aesas -
+12w home-training e o TS r22sas ese oo 130155 oo
e - + =k + <0.
(u.a. Velo 10-60W, Hf 60- ea = mL-min + . .

80%Hfmax)

VO2max

(sek .Endpunkt)

Grlnig E, Lichtblau M et al. Eur Resp. J 2012



Safety and efficacy of exercise training in
various forms of pulmonary hypertension
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¢ Baseline = 15 weeks -« German standard population
PH (n=183) o
A
92
82
3w inhospital o 72
+12w home-training 2
(u.a. Velo10-60W, Hf 60- 3 62
80%Hfmax)
52 [p<0.001
42 p=0.00y
32 T\ I I I I I 1
QoL SF-36 Physical Role- Role- Social Mental Vitality Bodily General
! functioning physical emotional functioning health pain health
(sek .Endpunkt) perception

SF-36 subscales

Grlnig E, Lichtblau M et al. Eur Resp. J 2012



Exercise training improves peak oxygen

consumption and haemodynamics in patients with European Heart Journal (2016) 37, 3544 —
. . LUROrPLAN doi10.1093/eurheartjfehv337
severe pulmonary arterial hypertension and e, BARMELWEID
inoperable chronic thrombo-embolic pulmonary Nicola Ehlken'*!, Mona Lichtblau'f, Hans Klose!, Johannes Weidenhammer",
h . . . d . d Christine Fischer?, Robert Nechwatal?, Séren Uiker4, Michael Halank®, Karen Olsson®,
YPertensmn- a PrOSPeCtlve'.l ranaomizeaq, Werner Seeger’, Henning Gall’, Stephan Rosenkranz®, Heinrike Wilkens®,

Dirk Mertens!?, Hans-Jiirgen Seyfarth'!, Christian Opitz2, Silvia Ulrich!3,

co ntrouecl tri al Benjamin Egenlauf', and Ekkehard Griinig'

IPAH + inoperable CTEPH
(n=79)

— 15— O Control ,
kg # Training | o
Té" | Training ws.
E 10+ Control
= | P<0.001
E » _
15w (3/12) training (n=38) £ 5 E " L I T
= B L . = . | £l L
VS. e L I I — +3|.1 tz zd.?
usual care (n=41) x5 e _‘obd, .0 " .0 o : equals +24.3%
& “% % o . s 02:23
= L] [1] i
1= w @ o equals +0.5%,
& =5+ o - i "
= 3
e s
5 |
(W s
~10- |
| ] I | -
5 10 15 20 Control Training
VO2max | |
Baseline peak VO,/kg [mL/min/kg] Change in peak VO,/kg [mL/min/kg]

Ehlken Nicola, Lichtblau M et al. Europ. Heart J 2016



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

IPAH + inoperable CTEPH
(n=74)

15w (3/12) training (n=34)
VS.
usual care (n=40)

Rechtsherzkatheter
(sek. Endpunkt)

Ehlken Nicola, Lichtblau M et al. Europ. Heart J 2016

Eurcpean Heart journal (2016) 37, 35-44
wroriay doi:10.109 N eurbeartjletv337 |
IOCH Y Or
CAPTMY

Weidenh

Nicola Ehlken'*!, Mona Lichtblau'!, Hans Klose?!, Joh
Christine Fischer?, Robert Nechwatal!, S&MUW "lidn‘lﬂll&*‘ KamOlmn‘
Werner Seeger’, Henning Gall’, Stephan Rosenkranz®, Heinrike Wilkens®,

Dirk Mertens'®, Hans-Jirgen Seyfarth!!, Christian Opitz'?, Silvia Ulrich®?,

Benjamin Egentauf’, and Ekkehard Griinig"

A Change of mean pulmonary arterial pressure

absolute change (control-group corrected)
original data -8 mmHg, P=0.007
| multiple imputation =5 mmHg, P=0.002

8 B

e

Change of mean pulmonary arterial
pressure [% from baseline]
=

01
=101
=20
Control Training
n=218 n=31

c Change of cardiac output
absolute change (control-group corrected)

original data +1.1 L/min, P<0.001

= 20{ multiple imputation +0.7 Lfmin, P=0.035
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B Change of pulmonary vascular resistance
absolute change (contral-group corrected)
i ariginal data =174 dynes *s * cm~>, P<0.001
% T 79| Multiple imputation ~106 dynes *s * cm*, P=0.06
=
o = B0 1
= E 401
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2z 2
- 1
‘E E 0 1
%2 0
S £ -0 |
=30 g
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n=28 =30

D Change of cardiac index

absolute change (control-group corrected)
original data +0.5 Lfmin/m?, P<0.001
{ multiple imputation +0.4 Lfmin/m?, P=0.08

.
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Change of cardiac index
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|
=] o
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Training
n=30

Control
n=26
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@ E S C European Heart Journal (2021) 42, 2284-2295

European Society doi:10.1093/eurheartj/ehaaé96
of Cardiology

CLINICAL RESEARCH

Thrombosis and antithrombotic treatment

Standardized exercise training is feasible, safe,
and effective in pulmonary arterial and chronic
thromboembolic pulmonary hypertension:
results from a large European multicentre
randomized controlled trial

Ekkehard Gri.inig1*T, Alison MacKenzie ® *T, Andrew ). Peacock ©® 2

Christina A. Eichstaedt'”, Nicola Beniamin', Robert Nechwatal © 4, Silvia Ulrich © 5,
Stéphanie Saxer ©® 5 Maurizio Bussotti ® ¢, Marinella Sommaruga ® § Stefano Ghio © 7,
Lina Gumbiene © %7, Egle Paleviciute®’, Elena jureviéienés"’, Antonio Cittadini'®,
Anna A. Stanziola'!, Alberto M. Marra ® "2, Gabor Kovacs ® 1314,

Horst Olschewski ® "4 Joan-Albert Barbera'®, Isabel Blanco'®,

Martijn A. Spruit ® '17:181? Frits M.E. Franssen © 2%, Anton Vonk Noordegraaf*!,
Abilio Reis ® 22, Mario Santos ©® ??, Sofia Goncalves Viamonte??,

Heleen Demeyer ©® 24,2526 Marion Delcroix ©® %4, Eduardo Bossone ©® 7% and

Martin Johnson ® %

Grinig E et al. European Heart Journal 2021
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Patients with chronic pulmonary hypertension (n=129)
(84% PAH, 16% CTEPH; 53.7+13.0 years, mPAP 56.5+14.7 mmHg,
CO 5.2+1.5 I/min, MWD 441+119 metres)
Randomisation into training (n=68) and control group (n=61)

v
Baseline examination
6MWD, quality of life (SF-36), cardiopulmonary exercise testing

|
2 v
Exercise training group (n=68) Sedentary control group (n=61)
— Inpatient for mean 25 days (95% CI Usual care, stayed at home 1

17 to 33 days) Daily activity as usual
N=10 did not complete the primary endpoint N=3 did not complete the primary endpoint
- Did attend FU but did not perform 6MWD (n=3) - Refusedfollow-up (n=2)
- Withdrawal due to private reasons (n=1) - Lostto follow-up (n=1)
- AE(n=4)

- Pneumonia (n=1)
- Decompensated diabetes (n=1)
- Ventricular extrasystole (patient wish to
withdraw n=1)
- Chestand gastrointestinal infection (n=1)
- Lostto follow-up (n=2)

Efficacy analysis set: n=116 (58 control group vs. 58 training group)
—>  Assessment after 14.4+10.3 weeks: BMWD, quality of life (SF-36), cardiopulmonary <
exercise testing

Figure | Study flow-chart. This flow-chart gives the course of the study, patient randomization, assessments, and definition of dropouts. 6MWD,
6-min walking distance; AE, adverse event; Cl, confidence interval; CO, cardiac output; CTEPH, chronic thromboembolic pulmonary hypertension;
FU, follow-up; mPAP, mean pulmonary artery pressure; PAH, pulmonary arterial hypertension.

1.4.2022 12



Standardized exercise training is feasible, safe,
and effective in pulmonary arterial and chronic
thromboembolic pulmonary hypertension:

results from a large European multicentre

randomized controlled trial

Characteristic Control group (n=58)

WHO-FC class
number (%a)

0
I 34
11 24
Ay 0
6-min walking test
6MWD (m) 447.4

Grinig E et al. European Heart Journal 2021

&=

(58.6%0)

(41.49%)

120.2

Ekkehard Grimig"*!, Allson MacKenale @ %, Andrew J. Peacock 0 ,

Chiristina A. Eichstaedt'”, Nicola Benjamin', Robert Nechwatal © *, Sitvia Ulrich © ¥,
Stéphanie Saxer © ¥, Maurizio Bussotti © ¥, Marinella Sommaruga © *, Stefano Gho © 7,
Lina Gumbione 0 **, Egle Paleviciute’”, Elena Jurevicione™", Antonio Cittadini™,
Anna A, Stanziota'’, Alberto M, Marra © "', Gabor Kovacs © ',
mwo'*".ww“.tmm&‘.
Martijn A, Spruit & "SR Ers MLE. Franssen © ™%, Anton Vonk Noordegraaf®’,
Abilio Reis © ¥, Mario Santos © ¥, Sofia Gongalves Viamoneo ™,

Heloon Demeyer © 53 Marion Delcroix @ *, Eduardo Bossone @ *', and
Martin Johason ©

Training group (n=58)

1 (1.7%)

26 (44.8%0)

30 (51.7%)

1 (1.7%)
(415.8 to 4472 + 117.7 (416.2
479.0) 478.1}
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Standardized exercise training is feasible, safe,
and effective in pulmonary arterial and chronic

thromboembolic pulmonary hypertension:
results from a large European multicentre

randomized controlled trial

Characteristic

Cardiopulmonary
exercise testing

(CPET) with stress
echocardiography

Pealk heart rate
(/min)

Peak Sa0, (%)
Peak VO,
{(mL/min/kg)

Peak VO, %
predicted (2&)

Pealk workload
(W)

Grinig E et al. European Heart Journal 2021

Control group (n=58)

123.0

90.0

15.3

68.5

8l.6

23.3

7.2

4.3

20.8

30.2

WVESE  iicicibeskicanis

Corogmen 0wty o W) W00 Do ety ey
“ -

Ekkehard Grimig"*!, Allson MacKenale @ %, Andrew J. Peacock 0 ,

Chiristina A. Eichstaedt'”, Nicola Benjamin', Robert Nechwatal © *, Sitvia Ulrich © ¥,
Stéphanie Saxer © ¥, Maurizio Bussotti © ¥, Marinella Sommaruga © *, Stefano Gho © 7,
Lina Gumbione © **, Egle Paloviciute®”, Elena Jurevicione™, Antonio Cittadini™,
Anna A, Stanziota'", Alberto M, Marra © "' Gabor Kovacs 0 '™,
Horst Olschewskl © "', PM"' Barbera', lsabel Blanco'”,
Martijn A. Spruit 0 'SR Bt MLE. Franssen 0 '%, Anton Vonk Noordegraaf®',
Abilio Reis © ¥, Mario Santos © ¥, Sofia Gongalves Viamoneo ™,
Heloon Domeyer © ¥4 Marion Delcroix @ *, Eduardo Bossone @ *'7, and
Martin Johason ©

Training group (n=58)
(115.8 to 43 134.1 + 22.9 (127.2
1320.1) 141.1)
(BT.T to 41 90.5 + T.1 (B3t
g92.2) 92.7)
(14.2 to 53 14.2 + 5.2 (12.81
16.5) 15.6)
(61.9 to 41 GE.T + £1.5 (529t
T5.0) 84.6)
(T1.9 to 40 81.2 + 27.1 (To.3 ¢
91.2) H9.4)

=

BARMELWEID



Standardized exercise training is feasible, safe, @.Eéf_ o T e L
. . . . Ekkehard Grimig"*!, Allson MacKenazle @ **, Andrew J. Peacock © -
and effective in pulmonary arterial and chronic  ovicma Bowass”, Nicota Benjamin', Robert Nechwatal & £, SivaUrih ', BARMELWE|D
Stéphanie Saxer O ¥, Maurizio Bussoeti © *, Marinella Sommaruga © *, Stefano Ghio 0 7,

thromboembolic pulmonary hypertension: Lina Guevione 8., Egi Paiwicioes", Elons foreviciont™, Ansonio Cltadie”.

results from a large European multicentre M. S "L iy S, ramensn & = Anton Vook Noardograaf’,
. . Abilio Reis © *, Mério Santos © ¥, Sofia Gongalves Viamonte™,
randomized controlled trial Heleen Demeyer & 4533, Marion Dekcroin & *, Eduardo Bosson © 7, and

PAH 84%/CTEPH 16%

Control-group corrected
200 change: 34.118.3 meters
p<0.0001
100 .

Excercise training

Change in 6-minute walking distance [meters]

@
(n:58) ‘..z . @ .. ° . :
—_ e o " >
Usual care (n=58) . : ST 2 SN —

© o 0 ‘o < ‘. N e 3 1)

o a e o 0

El ..
. ® 8 * -
190% 200 400 600
. e . Control group Training group
6-minute walking distance at baseline [meters] (n=58) (n=58)
6 MWD pOSt VS. pre Figure 2 Primary endpoint 6-min walking distance. Patients of the training group significantly improved in 6MWD compared with the control

group by 34.1£8.3 m (P < 0.0001).

Grinig E et al. European Heart Journal 2021



Standardized exercise training is feasible, safe,
and effective in pulmonary arterial and chronic
thromboembolic pulmonary hypertension:
results from a large European multicentre
randomized controlled trial

@EEG PP . e oot ——
Ekkehard Grimig"*!, Allson MacKenazle @ **, Andrew J. Peacock ©

Christina A. Eichstaedt'”, Nicola Benjamin', Robert Nechwatal © *, Sitvia Ulrich © *, BARMELWEID
Stéphanie Saxer © ¥, Maurizio Bussotti © ¥, Marinella Sommaruga © *, Stefano Gho © 7,

Lina Gumbione © **, Egle Paloviciute®”, Elena Jurevicione™, Antonio Cittadini®™,

Anna A, Stanziota'’, Alberto M, Marra © "' Gabor Kovacs © '™,

mwo'*“.wm“. Isabel Blanco'”,

Martijn A, Spruit & "SR Ers MLE. Franssen © ™%, Anton Vonk Noordegraaf®’,

Abilio Reis © *%, Mario Santos © ¥, Sofia Gongalves Viamonte™,

Heloon Demeyer © 53 Marion Delcroix @ *, Eduardo Bossone @ *', and

Martin Johmson & ™
PAH 84%/CTEPH 16%
p=0.07
~ 30
©
o
L
D
o 20
5
5 Training group
2 10 p=0.004
- - - o
Excercise training 3
O I e "W e e o T "Rl mlRr T
(n=58) S o
Sedentary (n=58)
Control group
-10
S %3 S S @ & . &
g}\.o Q’b\ 0’«‘:\? .§' {}‘0 \\é & 0’3\ é‘& @ &‘o L
RS ¥ § S OFLES
N cf’\ @ S & <\° @ R oro ot
P I & P & & & &
& S F o & & @
Q@ o < ) (\‘@ &
& ¥
L Figure 3 Secondary endpoints: quality of life. The secondary endpoint quality of life (QoL) significantly improved in the subscale mental health in
QO the training group compared with the control group (P = 0.004). Two further subscales were significant in trend (physical function P = 0.07, social

(sek. Endpunkt) function P = 0.09).

Grinig E et al. European Heart Journal 2021



Standardized exercise training is feasible, safe,
and effective in pulmonary arterial and chronic
thromboembolic pulmonary hypertension:
results from a large European multicentre
randomized controlled trial

@ESC Larnpu Hoau g X1 €8 100 10V
[ wropeen % o

S S Ay Yottt —
Ekkehard Grimig"*', Allson MacKenzle @ **, Andrew J. Peacock © %,
Chiristina A. Eichstaedt'”, Nicola Benjamin', Robert Nechwatal © *, Sitvia Ulrich © ¥, BARMELWEID
Stéphanie Saxer O ¥, Maurizio Bussoeti © *, Marinella Sommaruga © *, Stefano Ghio 0 7,
Lina Gumbione © **, Egle Paloviciute®”, Elena Jurevicione™, Antonio Cittadini™,
Anna A, Stanziota'’, Alberto M, Marra © "' Gabor Kovacs © '™,
Horst Otschewskl © "%, W Barbera'’, Isabel Blanco'”,
Martijn A. Spruit 0 'SR Bt MLE. Franssen 0 '%, Anton Vonk Noordegraaf®',
Abilic Reis © *¥, Mério Santos © ¥, Sofia Gongalves Viamonee ™,
Heloon Domeyer © ¥4 Marion Delcroix © *, Eduardo Bossone @ *'1 and
Martin Johnson ©

PAH 84%/CTEPH 16%

— 6
.E 4
1 :
= 0

Excercise training >
(n=58) g 2
Sedentary (n=58) £ 4

o)
& -6

o
-8
VO2Zmax -10

(sek. Endpunkt)

-

¢  p=0.048
\ ;

|
Control-group corrected
change: 0.9%0.5 ml/min/kg

Grinig E et al. European Heart Journal 2021

Control group Training group
(n=533) (n=39)



Standardized exercise training is feasible, safe,

@ESC icanainm
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Ekkehard Grimig"*!, Alison MacKenzle © %, Andrew J. Peacock 0 %,

and effective in pulmonary arterial and Chronic  cuicmA B, Nicola Benjamin’, Robert Nechwatal & *,Sitva lrich 8,

thromboembolic pulmonary hypertension:
results from a large European multicentre
randomized controlled trial

PAH 84%/CTEPH 16%
(n=116)

Excercise training
(n=58)
Sedentary (n=58)

Adverse events

Grinig E et al. European Heart Journal 2021

Stéphanie Saxer O ¥, Maurizio Bussoeti © *, Marinella Sommaruga © *, Stefano Ghio 0 7,

Lina Gumbiene 0 **, Egle Paleviciute® ", Elena Jurevicione™, Antonio Cittadini™,
Anna A, Stanziola'", Alberto M, Marra 0 "%, Gabor Kovacs & "',

Horst Olschewskl @ "', Joan-Albert Barbera'’, Isabel Blanco'”,

Martijn A Spruit & "SR Ers MLE. Franssen © '%, Anton Yook Noordegraaf®',
Abilic Reis © , Mario Santos © ¥, Sofia Gongalves Viamonte™,

Heleen Domeyer @ **** Marion Delcroix © **, Eduardo Bossone @ *'7, and
Martin Johnson ©

Table 3 Adverse events with occurrence >5%

Group Total
..... Eontrol ™ Training
(n=47) (n=52)

Adverse events

Arrhythmia of any kind 5 3 8

Respiratory infection 7
Total 8 7 15
Serious adverse events

Diabetes, decompensated 0 1 1

Oedema, generalised 0 1 1

Haemoptysis 1 0 1

Stroke 0 1 1
Total 1 3 4
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Die Sichtweise der Pulmonalen Rehabilitation BARMELWEID
Funktionelle Einschrankungen anstelle Diagnosen

Gesundheitsproblem
(Gesundheitsstorung oder Krankheit)
4
Korpeffj ki ’ p .
Grperfunktionen i arfizipation
ond-srkoren & Akthlhien —* (Teilhobe)
1 +

|
z
akforen

Diagnose

International Classification of Functioning, Disability, and Health (ICF)
World Health Organization (WHO)
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Symptome, Funktion und ICF BARMELWEID

Wie wir in der Rehabilitation denken muissen

Gesundheitsproblem Ei

(Gesundheitsstorung oder Krankheit)

-

A daily activities (u.a. Haushalt, ...)
. sozialer Ruckzu
Kérperfunktionen o g
und -strukturen \ b Aktivititen 4 » (Partizipation)

Essen ? VN f
Inkontinenz

g
%¢ Angehorige & personliches Umfeld ¢

Umweltfaktoren personbezogene Faktoren

Umgang mit Atemnot

Bio-psycho-soziales Modell der Internationalen Klassifikation der Funktionsféahigkeit, Behinderung und Gesundheit der WHO (ICF)
Abbildung aus: Bundesarbeitsgemeinschaft fir Rehabilitation (BAR): Rahmenempfehlungen zur ambulanten pneumologischen Rehabilitation, 2008, S. 11
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ATS 2021 BARMELWEID

Systematic Review on Outcome Measures PR/ PH

Outcome Measures Used in Studies of Rehabilitation in
Pulmonary Hypertension

Carol Keen'2, Deborah Harrop?, Molly N. Hashmi-Greenwood?, David G. Kiely'3, Janelle Yorke?, and Karen Sage®

1Shetﬂeld Pulmonary Vascular Diseases Unit, Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, United Kingdom;
Department of Allied Health Professions, College of Health, Wellbeing and Life Sciences, Sheffield Hallam Unlvere|ty, Snetﬁeld United
Kingdom; “Department of Infection, Immun|ty and Cardiovascular Disease, The University of Shefﬂeld Sheffield, United Kingdom; Nursmg,
Midwifery and Social Work, The Unlver3|ty of Manchester, Manchester, United Kingdom; and Department of Nursing, Faculty of Health,
Psychology and Social Care Manchester Metropolitan Unlver3|ty Manchester United Kingdom

ORCID ID: 0000-0001-7803-1235 (C.K.).
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ATS 2021
Systematic Review on Outcome Measures PR/ PH

Studies [n (%)]
2006-2009 (n=2) 2010-2014 (n=16) 2015-2019 (n=16) Total (n=34)

Study design
Prospective single cohort
RCT
Protocol
Nonrandomized two-armed
Retrospective
Case series
Patient population
PAH
PH
PAH or CTEPH
CTEPH
Intervention
Whole-body exercise training
Walking program
Inspiratory muscle training
Oscillation plate
Yoga
Mindfulness
Intervention period
Up to 1 mo
2-4 mo
5-12 mo
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2
30 (89)
2 (6)

Definition of abbreviations: CTEPH = chronic thromboembolic pulmonary hypertension; PAH = pulmonary arterial hypertension; PH = pulmonary
hypertension; RCT =randomized controlled trial.
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ATS 2021
Systematic Review on Outcome Measures PR/ PH

Disease
Pulmonary Hypertension

! |

Body Functions/Structures Activity Participation
Increased Pulmonary Arterial Pressure Difficulty walking upstairs Reduced working hours
More short of breath Gets tired talking too much Sees friends less often

Anxious Can't carry heavy items Less able to help elderly parents C o n c I u Si o n s
!

Beck Anxiety Index (1) 58TS (1) Baseline and transition dyspnea index* (1) ° °1° * °

Studies of rehabilitation in PH have focuse
CAMPHOR* (5) Attainable treadmill speed (1) EQ-5D* (2)

Cardiac Function (via ECG) (1) Baseline and transition dyspnea index" (1) Fatigue Severity Scale” (2)

Cardiac Function (via echo) (5) CAMPHOR"® (5) Health Promoting Lifestyle Profile Il (HPLPII* (1) b b b

Cardiac Function (via MRI) (3) Chair raising test (1) Human Activity Profile® (1) prl I | I arl Y On I | I eaSureS O O Y uncthnS
CPET (19) EQ-5D" (2) International Physical Activity Questionnaire” (2)

Depression and Anxiety Severity Scale (DASS21) (1) Fatigue Severity Scale” (2) MRC dyspnea scale” (2) . . - .
EQ-5D* (2) Hospital Anxiety and Depression Scale* (1) Nottingham Health Profile* (1) °

Structure; the impact in other domains is
Grip strength (2) Incremental Treadmill test (1) St. George's Respiratory Questionnaire® (2)

Haemodynamics (via RHC) (2) International Physical Activity Questionnaire” (2) The Lawton instrumental activities of dally living scale® (1) ° . °

Health and Social Care Resource Usage (2) MRC dyspnea scale* (2) WHO Functional Class* (10) 1 11 h t d ‘ t l

Health Promoting Lifestyle Profile II (HPLPII* (1) Nottingham Health Profile® (1) e S S We C arac erlZe ] re a er lnC uS 10 n
Heart rate recovery (1) Physical activity levels (via accelerometer) (1)

Hospital Anxiety and Depression Scale” (1) SF-36" (19) . . .

of outcome measures reflecting activit

Muscle mass (1) Step count (2) g V
Nottingham Health Profile (1) The Lawton instrumental activities of dalily living scale” (1)

and participation in society is needed to
allow assessment of the wider impact of

rehabilitation in patients with PH. B

St. George's Respiratory Questionnaire® (2)
Survival (5)

The number next to each outcome denotes the number of studies in which it is used

Abbreviations:

Iighmusoelareaiih) » CAMPHOR: Cambridge Pulmonary Hypertension Outcome Review; CPET: cardio-pulmonary exercise testing;

Time to clinical worsening (5) EQ-5D: quality of life score; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; SF-36: 36 item quality of life
Upper/lower body muscle power (1) survey; WHO: World Health Organization; 5STS: five times sit-to-stand test: BMWD: 8 minute walk distance;

WHO Functional Class* (10}

Figure 2. International Classification for Functioning, Disability and Health classification. 5STS =five times sit-to-stand test: BMWD = 6-minute walk
distance; CAMPHOR = Cambridge Pulmonary Hypertension Outcome Review; CPET = cardiopulmonary exercise testing; ECG = electrocardiogram;
EQ-5D = quality of life score; MRC =Medical Research Council; MRI = magnetic resonance imaging; NT-proBNP = N-terminal prohormone of brain
natriuretic peptide; RHC =right heart catheter; RV =right ventricle; SF-36 = 36-item quality of life survey; WHO =World Health Organization.
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PAH-Rehabilitation Assessment

» Anamnese/Zielerfassung durch Arzt, Pflege und Physiotherapie

» Fragebogen: CRQ, FIM, HAD-S, mMRC

» Lungenfunktion, 6-Minuten-Gehtest, Spiroergometrie

- Interprofessionelle Festlegung der Reha-Ziele

=

BARMELWEID

Physio-
therapie

Nikotin-
beratung

Sozial-
beratung

Ergo-
therapie

Logopadie .
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Assessment - Spiroergometrie

HR
0O2Puls

PETO2
- — PETCO2

T

I A ——

N

Bemerkung

Liter flow
Temperatur

FO2

PH(T) (Art.)
pCO2(T) (Art.)
pO2(T) (Art.)
pO2 (A-a) (Art.)
02-Sattigung (Art.)
Bicarbonat (Art.)
cBase(Ecf) (Art.)
Ct02 (Art.)
p50c (Art.)

Hamoglobin (Art.)
(POC)

FOZHb (Art.)
FCOHb (Art.)
FMetHb (Art.)

Hamatokrit (POC)

7.350 - 7.450

35-48

83 -108

218-26.2

-3.0-20

18.8-22.3

24-28

120 - 160

94 - 98

<15

<15

38 - 51

L/min
°C

%

mmHg
mmHg
mmHg
%
mmol/l
mmol/l
Vol%
mmHg

g/l

%
%
%

%

R

R

R

R

R

~

~

R

R

R

R

R

R

~

~

R~

R

R

nativ

37.0

747 4
3054
65.4 ¥
366 4
93.2

220 ¥

179 ¥
25

140

91 ¥
1.4
0.7

43
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Therapien der PAH Rehabilitation Barmelweid  >540 minutes per week) BARMELWEID

» Ausdauer (Fahrrad, Wandern)
» Kraft

» Gymnastik

» Mentales Training

» Entspannung

» Schulungen

» Individuelle Therapien

» PH-Gruppen wenn moglich

» Weitere Therapien je nach
Situation
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PAH-Rehabilitation — Ausdauer- und Krafttraining BARMELWEID

» Maximum heart rate 120bpm
» VAS max 4/10

» Ergometertraining: Intervalltraining (LIIT) mit
Obergrenze 50% der Wattmax max. 50/15W

» SpO2-Ziel >88%

» Vermeidung Pressatmung

» Keine schweren Gewichte (max. 1-2kg)

» Kraftibungen zu Beginn unilateral im Sitzen

» Fokus auf Wahrnehmung und Oekonomisierung der
Atmung




PAH-Rehabilitation — Mentales Gehtraining BARMELWEID

Einzelphysiotherapie

Entwicklung und gedankliche Visualisierung ausdauernden

Gehens in der (Ebene)

Entwicklung und gedankliche Visualisierung fur Gehen in

Anforderungssituation (Zeitdruck/Treppe)
Mentales Trainieren der Vorstellungen

Mentales und motorische Training im Wechsel
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Erfahrung aus der PAH-Rehabilitation Barmelweid

Unsere Patienten sind...

in der Regel klinisch stabill

(bei klinisch instabiler Situation fuhren wir bei PH keine PR durch)

gut kontrolliert mit ausgebauter Medikation entsprechend den aktuellen Empfehlungen
sehr gut informiert und voller Erwartungen

hoch motiviert

oft enttduscht (relative tiefe Therapieintensitat, langsamer Fortschritt)

enttduscht da keine PH-Gruppen bestehen (wenige Patienten mit PH / seltene Krankheit)

zeigen nur sehr selten Komplikationen
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Rehabilitation bei PAH

Evidenz

Korperliches Training bei PAH: Solide Evidenz fir die Wirksamkeit (6 MWT, VO2makx,
(Hamodynamik) QoL) und Sicherheit

Voraussetzungen / Erfolgsfaktoren
Klinisch stabiler Zustand unter ausgebauter medikamentoser Therapie
Zentrum/Netzwerk mit entsprechender Kompetenz

Ziele der weiteren Entwicklung der PH-Rehabilitation

Entwicklung von Parametern zur besseren Bemessung von Aktivitat und Partizipation

Evaluation von Teilkomponenten PAH-Rehabilitation

Gruppentherapie/Erfahrungsaustausch flr PAH-Patienten ausbauen
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