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Chronic Pulmonary Disease => Exercise Intolerance

* Dyspnea

* Fatigue —4

Exercise

capacity | Breathlessness 1

* Impaired pulmonary gas exchange

* Ventilatory insufficiency ‘ l

* Peripheral muscle dysfunction

Muscle mass |
Type-I muscle fiber |

e Cardiopulmonary dysfunction P

Activity |



Pulmonary Rehabilitation

. . 1 @ 5 %
HELPS TO p :

Reduce Increase Improve Improve
COPD physical daily life emotional
symptoms activity function health

Exercise
clearance training

Lung
expansion

Ncic et al. Am J Resp Crit Care Med. 2006;173:1390-413
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| Disordered
Inflammation | | physiology
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Effects of Eccentrically and Concentrically

%—E IB\EE& Type I*ﬂ Type I |a ﬂﬂ, ﬁﬁﬁ ,2“& I:b ﬁu iE'Ef' Z]I] Biased Training on Mouse Muscle Phenotype

STEPHANIE HODY', ZOE LACROSSE', PIERRE LEPRINCE', MIKE COLLODOROQ?, JEAN-LOUIS CROISIER**,
and BERNARD ROGISTER '

' GIGA-Neurosciences, University of Liéjge‘ Liége, BELGIUM; *Laboratory of Histology—Cytology, GIGA-R and CART,
University of Liége, Liége, BELGIUM; ~Department of Motricity Sciences, University of Liége, Liége, BELGIUM;
?Department of Physical Medicine, CHU of Liége, Liége, BELGIUM; *Department of Neurology, CHU, University of Liége,
Liége, BELGIUM; and *GIGA-Development, Stem Cells and Regenerative Medicine, University of Liége, Liége, BELGIUM

Type | Type lla Type llIb
MBHEERE | w2 I e 2 PN e 2 2

0,025 - 0’1 _ * k% ¥ &k K 1‘4 B *%
* %k k * 44 | * %
o 1 = S 42
S 0,02 | | c 0,08 5 12
EOFIE § 5 1
£ 0,015+ x 0,06- % 08 1
& T T
E S J
E 0,01+ % 0,04 - T € 0,6
— kL, o]
g E’J i 014_
S 0,005 2 0,02+ g ool
2 2 :
0_ I 1 0_ I 1 - 0_ 1 1
Control DHR UHR Control DHR UHR Control DHR UHR

FIGURE 3—Proportion of Type I, Ila, and IIb muscle fibers. Values are expressed in mean + SEM. The proportion corresponds to the number of
Type I, Ila, or IIb fibers normalized by the cross-sectional area of the rectus femoris muscle times their mean area (mm?). Significant differences
between experimental groups are expressed as follows: *P < 0.05, **P < 0.01, and ***P < 0.001.
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b 18 EEC FIGURE 5 | Twenty-one frail subjects (mean age 80.2) were enrolled in

0O ®- Trad an 11-week cardiopulmonary rehabilitation program. Control subjects

'k (10) used tradifional resistance training with weights (Trad, circles) while the
-E 16 others (11) used an eccentric ergometer (ECC triangles). The Trad group had

© an insignificant increase in Isometric strength (15%, p=0.12) buta 1.7s

] = [ \ I !

Q 14 High Fall Risk improvement in their timed up and go performance (p = 0.03). In contrast, the
= Low Fall Risk| ECC subjects had a 60% increase in strength (p=0.001) and performance on
E the timed up and go test improved by 4.7 (p = 0.001); all but one subject

£ 12 changed from high to low fall risk. Reproduced with permission from LaStayo
i: ot al. (2003a).
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Pulmonary Rehabilitation

. . 1 @ 5 %
HELPS TO p :

Reduce Increase Improve Improve
COPD physical daily life emotional
symptoms activity function health

Exercise
clearance training

Lung
expansion
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Ncic et al. Am J Resp Crit Care Med. 2006;173:1390-413
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Eccentric Cycling Exercise VS Concentric Cycling Exercise

400+ 120
B CON e ECC C CON @ ECC

_ = 110+
T 300 ®
=1 a
5 3

— 100+
< o
ot (]
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9 ©
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Bourbeau et al. 2020
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Eccentric Cycling Exercise VS Concentric Cycling Exercise

Leg fatigue Borg Scale

CON - ECC

[ Lower Borg-L J

Bourbeau et al. 2020

E

Dyspnea Borg Scale

6 -

CON = ECC

[ Lower Borg-D }
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Can Non-invasive Ventilation
. . Modulate Cerebral, Respiratory, and
An Idea device for respiratory  Peripheral Muscle Oxygenation

During High-Intensity Exercise in

~support during exercise ? Patients With COPD-HF?

Cassia da Luz Goulart', Flavia Rossi Caruso’, Adriana Sanches Garcia de Araujo’,
Silvia Cristina Garcia de MouraZ?, Aparecida Mana CataiZ, P:ergfuseppe Agostoni?,

Panata MAanmcrahiac AMandac1 l:?ru:c Aranad and Arnidvons Qﬁrﬂh _Qihsa 1

— Noninvasive positive pressure ventilation
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Respiratory muscle unloading through NIPPV resulted in a redirection of blood flow from respiratory to
locomotor muscles with positive effects on energy supply to the latter muscle group during exercise.

Cassia et al.2022 29
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Eccentric Cycling Exercise Combined with Positive Pressure Helmet Ventilation
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40%W,, > 60%W,,,, = B0%HW..,

B O\l B E

I IRSA R Week

B {_ K2 & B
Exercise prescriptions

Intensity Warm up 60% W,.,
Training 80-160% W, .,
Cold down 60% W,.,
Keep 60~70 rpm

Frequency 2 day per week

Duration Warm up 5 mins
Training 30 mins
Cold down 5 mins

Week 2~Week 9

S1 S2

Week 1 40%—>60% 60%—>80%
Week 2 80%—>80% 80%—>80%
Week 3 80%—>90% 90%—>100%
Week 4 100%—>110% 110%—>120%
Week 5 120%—>130% 130%->140%
Week 6 140%—>150% 150%—>160%
Week 7 150%->160% 160%—->160%
Week 8 160%—>160% 160%—>160%
Week 9 160%—>160% 160%—>160%




RV EL D) R CVESNEIE BB R

Control ECT ECT-HV p value
Pre Post Pre Post Pre Post
Subjects 13 11 15 14 13 12
Peak performance
VO,, .811
mi/min/Ke 17.9 3.5 17.6 £2.9 17.3 3.7 17.2 4.5 19 +4.8 18.2 +3.9
QUES, unit 681 +209 649 +135 643 +197 628 +179 714 £339 772 £376 320
Vg, L/min 44.1 +10.6 42.7 #15.1 50.4 +12.6 19.6 +14.9 48,7 +11.4 47 £15.6 .540
VCO2, ml/min 1228 +322 1225 +389 1247 +278 1257 +381 1302 £290 1255 £335 974
Ve-VCO: slope 30.3 £3.9 315 #4.1 37.7 £141 395 +134 30.6 49 342 £11.3 .180
Work-rate, A70
78.5 +23 70.9 £27.77 74 +155 79.3 £19 785 123 82.5 £22.6
watt
HR, b/m 112 +19.3 114 +20.5 121 +255 116 +29.2 123 +25.7 113 +27.1 961
Functional performance
6MWD, meter 385 +71 369 58 403 175 476 +83™ 397 £105 463 +119" .014"
EEIS, b/meter
1.58 +0.44 1.7 #0.31 1.58 +0.44 1.25 +0.27 1.53 £0.39 1.31 +0.36"" .001™
walked
TUG sec 10.8 3.9 11.4 £35 99 +2.3 8 +1.6™ 10.3 £35 8.5 +3.17 011°
Lung function
FEV1, % pred. 722 £21.7 73.4 £21.5 63.5 +22.6 63.7 £22.2 58.2 £19.5 60.6 £23.6 377
FEV1/FVC, % 68.3 +18.1 69 +15 64.3 +23 65.4 +16.8 65.2 £21.1 65.8 +20.4 .866
Dyspnea score
Borg-D at rest 1.2 x0.9 0.7 0.8 1.0 £1.0 0.4 +0.67 13 +1.2 0.9 £1.2 .293
mMRC 1.5 x0.9 15 #1.1 1.1 +0.9 0.9 0.7 1.7 #2111 1.4 +1.1 .255

CAT 11.9 +8.0 10.3 6.8 9.2 £5.4 8.1 £5.1 99 +6.1 9.5 £54 .626



% change from pre-intervention

% %

60% -
50% 1
40% -
30% -
20% -
10% 1
LA —
-10% - 1l
-20% 1
-30% 1
-40% 1

% &k

% %

B Control
O ECT
0 ECT-HV

% ok ok

-50% |
6MWD

Energy expenditure index (EEI) =

EEI

HRmean (6 MWT)

Walking speed (6MWT)’

TUG

beat/meter
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Clinical Implications

* Eccentric exercise training enhances muscle strength, improves
functional performance, overload exercise, thereby training
cardiorespiratory endurance, and ultimately enhances overall physical

condition.

34
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Changes in Cardiorespiratory Fitness and Survival in Patients With

or Without Cardiovascular Disease
Kokkinos et al. J Am Coll Cardiol 2023;81:1137-1147

B CLuims

OB S =R M43% !
B S @B BT R
E T

Yes a b

No C d

RR=(a/a+b )/(c/c+d)

FIGURE 1 Mortality Risk According to Baseline CRF Categories

1.2
CVD (n=50,481) No CVD (n =42,579)
1.00 1.00

Relative Risk
o o
=~ o

o
()

0.0-

48+12 72408 95+09 120+16 57+14 8312 10.2£1.0 12717
Peak METs Peak METs

Bars within the (left) cardiovascular (CVD) and (right) no CVD cohorts represent the cardiorespiratory fitness (CRF) categories based on the age-specific peak METS
achieved on the initial exercise treadmill test. The mortality risk associated with the CRF categories is depicted by the HRs (numbers) above each bar. *P < 0.001.




CENTRAL ILLUSTRATION Mortality Risk According to Changes in Cardiorespiratory Fitness Categories

Q1 (Least-Fit) Q2 (Low-Fit)
2.0 - -
1.60 176

No Change Increase Increase Decrease Decrease No Change Increase Increase Decrease Decrease
0.1-2.0 METs >2.0 METs 0.1-2.0 METs >2.0 METs >0.1-2.0 >2.0 METs 0.1-2.0 METs >2.0 METs
METs
Q3 (Moderate-Fit) Q4 (High-Fit)
20 - 2.0 -
*

1.55 *

No Change Increase Increase Decrease  Decrease No Change Increase Increase Decrease Decrease
0.1-2.0 >2.0METs 0.1-2.0 >2.0 METs 0.1-2.0 METs >2.0 METs 0.1-2.0 METs >2.0 METs
METs METs

Kokkinos P, et al. J Am Coll Cardiol. 2023;81(12):1137-1147.

Bars represent the change in fitness within cardiorespiratory fitness (CRF) categories for the entire cohort. CRF categories were based on the age-specific peak METS
achieved on the initial exercise treadmill test. Changes in fitness were defined as changes in peak METS from the initial to the final exercise treadmill test. The
mortality risk associated with the change in CRF (METS) is depicted by the HRs (numbers) above each bar. *P < 0.001. Q = quartile.
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Hazard Ratio (HR)
RNEERE FEEESEN
R & B B
HR=exp(B0+B1)/exp(BO) -
93,060 participants aged 30-
95 years (mean 61.3+9.8
years). All completed 2
symptom-limited exercise
treadmill tests, 1 or more
years apart (mean 5.8 £ 3.7
years) with no evidence of
overt cardiovascular disease.
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B FRESE Be 247 (Pro-ACB)

Bix RAE
PRO ACB

Prescription Accuracy
EHEA1E S E | S
Reality Compliance
R E IR BN IE
Optimization Blofeedback
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