COMMENT REENTRAINER LES MUSCLES

PERIPHERIQUES CHEZ LE PATIENT BPCO ?
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PLAN

1. Pourquoi s’intéresser au muscle dans
une maladie respiratoire ?

2. Faut-il évaluer cette maladie
musculaire?

3. Comment la prendre en charge?

LE MUSCLE: EST-CE SI IMPORTANT ?

La BPCO, une maladie meurtriere ...

Murray et al. 1997
Raherison et al. 2009
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ORIGINAL ARTICLE
Sarcopenia in COPD: prevalence, clinical correlates
and response to pulmonary rehabilitation

Sarah E Jones,' Matthew Maddocks,? Samantha S C Kon,' Jane L Canavan,’
Claire M Nolan,’®> Amy L Clark,? Michael | Polkey,' William D-C Man'-?

Thorax 2015;70:213-218.
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No sarcopenia (n=220) Low SMI only (n=27) Low function only (n=285) Sarcopenia (n=90) L . B N '

P P o n e A CUISSE : BAROMETRE DE LA VIE !
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EXACERBATION, LE CHAOS MUSCULAIRE!

Dysfonction musculaire 21 7 Récupération = QUASI NULLE

120 LA BPCO EST UNE MALADIE A POINT
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Cigarette Smoke-induced Oxidative Stress Cigarette Smoke-induced Oxidative Stress
A Role in Chronic Obstructive Pulmonary Disease Skeletal Muscle Dysfunction A Role in Chronic Obstructive Pulmonary Disease Skeletal Muscle Dysfunction
Esther Barreiro'2, Victor I. Peinado??, Juan B. Galdiz*, Elisabet Ferrer?3, Judith Marin-Corral’, Esther Barreiro'?, Victor I. Peinado??, Juan B. Galdiz*, Elisabet Ferrer?3, Judith Marin-Corral’,

Francisco Sanchez

, Joaquim Gea'2, and Joan Albert Barbera23, on behalf of the ENIGMA in COPD Project Francisco Sanchez'?, Joaquim Gea'Z and Joan Albert Barbera23, on behalf of the ENIGMA in COPD Project

Animal Experiments dlaphragm gastrocnemlus
Experimental groups. Groups of seven male Hartley guinea pigs were 35 3 31
exposed to the smoke of seven commercial cigarettes (24 h, 5 d/wk) for & “ &
periods of 3, 4, and 6 months (15-17, 27). Corresponding control e 4 - e
animals underwent the same procedures except for CS exposure. S, 52'
Twenty-four hours after the end of each experimental period, di- :: _E
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Cigarette Smoke-induced Oxidative Stress
A Role in Chronic Obstructive Pulmonary Disease Skeletal Muscle Dysfunction

Esther Barreiro', Victor I. Peinado??, Juan B. Galdiz!, Elisabet Ferrer2?, Judith Marin-Corral’,
Francisco Sanchez'?, Joaquim Gea'?, and Joan Albert Barbera??, on behalf of the ENIGMA in COPD Project

Structure pulmonaire

3 mo 4mo 6mo

Control (n = 7)  CS Exposed (n = 7) _ Control (n= 7) _ CS Exposed (n = 7) _ Control (n = 7) _ CS Exposed (n = 7)

Lung structure
Goblet cell metaplasia, cells/mm 0.4(1.9) 0.4(14) 10033) 43 (8.0) 05 (1.6) 3.6 (6.3
Mean linear intercepl, um 60(18) 61018) 74 (24) 72(20) 75 (29) 7237)

— —

Morcover, the effects of
oxidants on muscles occurred at an carlier stage than the effects
observed in the respiratory system. These findings reinforce the
concept that CS per se is likely to be involved in direct tissue
toxicity in the skeletal muscles of CS-exposed guinca pigs,
regardless of lung and bronchial alterations.

Cigarette Smoke-induced Oxidative Stress
A Role in Chronic Obstructive Pulmonary Disease Skeletal Muscle Dysfunction

Esther Barreiro'2, Victor I. Peinado??, Juan B. Galdiz®, Elisabet Ferrer2?, Judith Marin-Corral',
Francisco Sanchez'?, Joaquim Gea'?, and Joan Albert Barbera??, on behalf of the ENIGMA in COPD Project

Control Subjects (n = 10) Smokers (n = 9) COPD (n = 10)

Age, yr 56 (6) 53(9) 58 (3)
BMI, kg/m? 26.7 (4.0) 27.4 (5.1) 26.5 (4.2)
FFMI, kg/m2 20.0 (2.4) 18.1 (2.6) 18.6 (2.9)
FEV;, % pred 94 (13) 89 (5) 30 (6)*
FVC, % pred 91 (11) 93 (9) 75 (1)
FEV4/EVC, % 79 (7) ——76 (10D 32 (8)*

| QMVC, kg 38.50 (1.7) 36.78 (1.5) 28.20 (1.31)*

>20PA <—

Values are expressed as means (SD).
=P = 0.001 with COPD and healthy c

14

0.05, between healthy smokers and healthy control subjects.

Cigarette Smoke-induced Oxidative Stress
A Role in Chronic Obstructive Pulmonary Disease Skeletal Muscle Dysfunction

Esther Barreiro'2, Victor I. Peinado??, Juan B. Galdiz!, Elisabet Ferrer??, Judith Marin-Corral',
Francisco Sanchez'?, Joaquim Gea'?, and Joan Albert Barbera?, on behalf of the ENIGMA in COPD Project
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Cigarette Smoke-induced Oxidative Stress
A Role in Chronic Obstructive Pulmonary Disease Skeletal Muscle Dysfunction

Esther Barreiro'2, Victor I. Peinado??, Juan B. Galdiz!, Elisabet Ferrer??, Judith Marin-Corral',
Francisco Sanchez'?, Joaquim Gea'2 and Joan Albert Barbera, on behalf of the ENIGMA in COPD Project
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Cigarette Smoke-induced Oxidative Stress
A Role in Chronic Obstructive Pulmonary Disease Skeletal Muscle Dysfunction

Esther Barreiro'? Victor I. Peinado??, Juan B. Galdiz*, Elisabet Ferrer2?, Judith Marin-Corral’,
Francisco Sanchez'2, Joaquim Gea'2, and Joan Albert Barbera23, on behalf of the ENIGMA in COPD Project
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Augmentation de
I’oxydation des
protéines impliquées
dans la production et le
transport d’énergie

T SCOPD C SCOPD | C § COPD C § COPD

Enolase Adolase GAPDH Creetine ATP Carbonlc Actn
Kinase synthese anhydrase-3

EN RESUME...
LE MUSCLE A BOUT DE SOUFFLE

Pourquoi s’intéresser au muscle dans une
maladie respiratoire ?

+“» Dysfonction musculaire+++ indépendamment
de la maladie pulmonaire

“» Aggrave la maladie primaire

C N PRONOSTIC VITAL...!

18
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Quelques hypotheses
explicatives

...une histoire en cours d’écriture!!

Réduction
d’activité
physique

Cigarette

Facteurs
nutritionnels

\

Inflammation
de bas grade

/

Susceptibilité
génétique

Déséquilibre
anabolisme/

‘ catabolisme

Hypoxie

\

Corticothérapie

Epigénétique

Exacerbations

™~ stress oxydant %

Biological mechanisms in muscle dysfunction

Biological events [

Positive

Negative
1 Myoglobin
Muscle damage
T Autophagy
1 Mitochondrial density
Capillary contacts
T Apoptosis
Muscle fiber atrophy
Oxidative stress
Epigenetics
T Proteolysis
| Anabolism
Regeneration changes
| Oxidative capacity
1 % type | fibers

Lower limb muscles

21
Barreiro E and al 2015

PLAN

1. Pourquoi s’intéresser au muscle dans
une maladie respiratoire ?

2. Faut-il évaluer cette maladie
musculaire?

3. Comment la prendre en charge?

22

Recommendations of SEPAR
Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @c.mm
Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,*"* Victor Bustamante, Pilar Cejudo,? Juan B. Géldiz,¢ Joaquim Gea,*"
Arch Bronconeumol. 2015 o7 tren o :

Most common tests of muscle mass and function assessment

Muscle mass evaluation

General:  BMI; skinfold anthropometry
Bioimpedance/DEXA; MM, MM inde, localized MM
(DEXA)

Local:

o ——

j jus femoris by ultrasound
Kyle et al., 2000
Janssen et al

Recommendations of SEPAR
Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @mm
Patients With Chronic Obstructive Pulmonary Disease®

Esther Barreiro,*"* Victor Bustamante,® Pilar Cejudo,? Juan B. Gldiz,”¢ Joaquim Gea,®
Arch Bronconeumol. 2015 *° R S o :

‘ Most

isment

Hg‘

Muscle \?i@w 7
O 4

%
Wm

Local:  Thigh circumference, skinfold
Thigh circumference slice (CT, MRI)
Cross-sectional area of the quadriceps rectus femoris by ultrasound
Muscle biopsy

7

General:

-

Lee et al., 2000 24
Theése Vivodtzev 2009
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Recommendations of SEPAR

Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @Cm
Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,™* Victor Bustamante,® Pilar Cejudo,? Juan B. Gldiz,”¢ Joaquim Gea,""

Arch Bronconeumol. 2015’ R . o :

Most common tests of muscle mass and function assessment |

Muesla mace !

Renarect ebal-24998

Recommendations of SEPAR

Guidelines for the Evaluation and Treatment of Muscle Dysfunction in (!)Cm“
Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,™>* Victor Bustamante, Pilar Cejudo,? Juan B. Gldiz,”¢ Joaquim Gea,*"

Arch Bronconeumol. 2015 *° R . o :

Most common tests of muscle mass and function assessment ‘

chefold et coll, 26

bdellaoui et coll.

Recommendations of SEPAR

Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @CM%
Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,*"* Victor Bustamante, Pilar Cejudo,” Juan B. Galdiz, Joaquim Gea,*"

Arch Bronconeumol. 2015 *° R e o :

Most common tests of muscle mass and function assessment

Muscle function evaluation

General: Exercise testing: ergometry, 6-minute walk test,
Local: Activity measures: questionnaires, accelerometers
— Strength measurements:
Volitional: maximal voluntary contraction (MVC), handgrip,
thigh extension
Non-volitional: Supramaximal twitch of thumb abductor,
quadriceps, etc.
— Resistance measurements:
Volitional: endurance time at 10% of MVC
Non-volitional: EMG fatigue after repetitive neuromuscular stimulation

Recommendations of SEPAR
Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @CN“M
Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,"* Victor Bustamante, Pilar Cejudo,? Juan B. Gldiz,” Joaquim Gea,"

» Score clinique Medical Research Cotg{‘c‘j;/p(‘lgﬁebide et
économ'\que)

» Mesure de la Force Maximale Volontaire (FMV)

» Mesure de I'endurance

Recommendations of SEPAR

Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @Cm
Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,** Victor Bustamante,® Pilar Cejudo,? Juan B. Galdiz,>¢ Joaquim Gea,*"

» Evaluation manuelle assistée par dynamomeétre

Mesure (fiabilité,
reproductibilité)

Matériel (simple et
peu colteux)

Andrews et coll, 1996
0O’Shea et coll, 2007 2

Recommendations of SEPAR

Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @Cmm
Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,*>* Victor Bustamante, Pilar Cejudo,? Juan B. Géldiz,>¢ Joaquim Gea,*"

» Evaluation manuelle assistée par dynamometre

Dynamométre

Systéme de poulies +
banc de Koch

Systéme d’acquisition &
ordinateur

Serres et coll, 1998
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Recommendations of SEPAR Recommendations of SEPAR

Guidelines for the Evaluation and Treatment of Muscle Dysfunction in @CM Guidelines for the Evaluation and Treatment of Muscle Dysfunction in (!)Cm
Patients With Chronic Obstructive Pulmonary Disease™ Patients With Chronic Obstructive Pulmonary Disease™

Esther Barreiro,™* Victor Bustamante,® Pilar Cejudo,? Juan B. Gldiz,>¢ Joaquim Gea,*" Esther Barreiro,™>* Victor Bustamante, Pilar Cejudo,? Juan B. Gldiz,”¢ Joaquim Gea,*"

>~ Evaluation manuelle assistée par dynamometre

» Endurance musculaire (plusieurs modalités de

contraction)
-Isométrique (60-80% de la FMV)

-Dynamique (10%-20%-30% ou de
la FMV)

v'Temps de repos

v'Charge adaptée : pour limiter le temps
(lassitude/fatigue centrale)

v/Critére d’arrét (compensation, ...)

Allaire et coll 2004 ‘
Serres et coll, 1998

[s nocturnal desaturation a trigger for neuronal damage in chronic

EN RE’SUME... obstructive pulmonary disease?
INDIVIDUALISE LE REE Francois Alexandre ***. Nelly Heraud®, Alain Varray®
Medical Hypotheses 84 (2015) 25-30
Faut-il évaluer cette maladie musculaire? ———

-Altérations anatomiques du systéme nerveux = = [
existence d'une perte d'excitation nerveuse qui

| |
Cerebral blood Cerebrovascular Cerebral blood
pourrait altérer la commande motrice volontaire )o ety ’C

(BCPO?)

Maintenance of Cerebral
: g
-Altération du métabolisme musculaire 2 §Iﬁ Eroral
inhibitions de la commande motrice volontaire dama\ge%

Alexandre F and al 2014 ‘ ‘

a
=038 =0 48
2 P 80 L4 p=0.03
b =
100
150 60 [
100 Torque 20 o5
(Nm) —
®
50 20 <
= 9
3
o 8 — Il NREM,., £
=0.022 -
o p NREM 000 8
80
NREM ., NREMq00;
60 .o . .
Activation  Stimulation du nerf Stimulation magnétique transcranienne
40 (%) fémoral via la
20 technique de la

Patients dést = marqueur de lésion cérébral 2 (perte
d’excitabilité cortical et un déficit d’activation volontaire)
-> aucune différence FMV

Alexandre and al données non p& iées .

twitch interpolation

Peripheral VA
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PEUT-ON AMELIORER LE PRONOSTIC ?

0.7

oe | Marge de

———— FEV, 2 50% pred + MTCSA = 70 cm”

Probability of surviving

0.5 g
—— — FEV, > 50% pred + MTCSA < 70 em” Veffet du REE
0.4 — = FEV, <50% pred + MTCSA = T0 em?
......... FEV, < 50% pred + MTCSA < 70 cm”
0.3
0 500 1000 1500 2000

Time (days)

PLAN

1. Pourquoi s’intéresser au muscle dans
une maladie respiratoire ?

2. Faut-il évaluer cette maladie

musculaire?

3. Comment la prendre en charge?

UNE PRISE EN CHARGE ADAPTEE !

Besoins du patient et A
@

P o oo

Capacités du patient

ATROPHY

MITOCHONDRIAL SHIFTIN ,
DYSFUNCTION FIBER-TYPE

OXIDATIVE

TYPE D’ENTRAINEMENT!

Entrainement en endurance
(globale)

Adaptations cardiovasculaires

Effet également sur la
fonction musculaire

Augmentation de I'endurance
musculaire locale

Adaptations bioénergétiques

Objectifs (patien cAPACITY (augmentation surface de
I'équipe) i N section des fibres,
LR amélioration du métabolisme,
| capillarisation, ...)
Ressources (CHU/SSR/ R
cabinet/ domicile ) ' _
Maltais and al AMJCEM 2014 Maltais and al AMJCCM 2014
Rarreira and al Arch 1201 Rarreira and al Arch 1imol 2015

TYPE D’ENTRAINEMENT!

Entrainement en endurance

(globale)

AMERICAN THOR

DOCUMENT

2

An Official American Thoracic Society/European Respiratory Society
Statement: Update on Limb Muscle Dysfunction in Chronic Obstructive
Pulmonary Disease

Frangois Maltais, Marc Decramer, Richard Casaburi, Esther Barreiro, Yan Burelle, Richard Debigaré,

P. N. Richard Dekhuijzen, Frits Franssen, Ghislaine Gayan-Ramirez, Joaquim Gea, Harry R. Gosker, Rik Gosselink,
Maurice Hayot, Sabah N. A. Hussain, Wim Janssens, Micheal |. Polkey, Josep Roca, Didier Saey, Annemie

M. W. J. Schols, Martijn A. Spruit, Michael Steiner, Tanja Taivassalo, Thierry Troosters, loannis Vogiatzis, and

Peter D. Wagner; on behalf of the ATS/ERS Ad Hoc C i on Limb Muscle D tion in COPD

THS OFFICIAL STATEVENT OF THE AVERICAN THORACKS SOCETY (ATS) AND THE EUROPEAN RESPIRATORY SOCETY (ERS) WAS APPROVED BY THE ATS Boro o
Direcrors, Noveweer 2013, Ao B THE ERS BECUTvE CommTeE, Sereveer 2013

Am J Respir Crit Care Med Vol 189, Iss 9, pp e15-662, May 1, 2014

-

TYPE D’ENTRAINEMENT!

Entrainement en endurance (globale)

effects, with a recommended minimum of
8 weeks to achieve a substantial effect (500).
The number of sessions per week also
wvaries; although programs
commonly include 2 to 3 days a week,
[inpatientJprograms are usually planned for
5 days a week. The session length per day is
generally 1_to 4 hours (501). The optimal
exercise intensity is unknown. Nevertheless,
high level of intensity of exercise (=60%
maximal work rate) for 20 to 60 minutes
per session is more potent in terms of
inducing a physiological response to
training than less intense exercise (<<40%
maximal work rate) (288). However,
many individuals with chronic lung disease
are unable to train at that level, and
substantially lower intensity of exercise is
an alternative (500). One option is interval
exercise training, in which the long .
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TYPE D’ENTRAINEMENT!

Entrainement en endurance
(globale)

Aerobic/Endurance .
training 1-2min
(60) 80-120% FMT

Objective Improve aerobic capacity.
Improve limb muscle
function

Frequency 3-4 days/week

Mode 20-30min
Intensity 60%-80% of WRmax
Duration 8-12 weeks

Maltais and al AMJCCM 2014
Barreiro and al 2015
1B and al 2009

 CHEST

Effects of One-Legged Exercise
Training of Patients With COPD*

Thomas E. Dolmage, MSc; and Roger S. Goldstein, MD, FCCP

Original Research
PULMONARY REHABILITATION

TYPE D’ENTRAINEMENT!

Strength training

Objective Overload large upper and
lower limb muscle groups.
Increase muscle strength
and endurance

TYPE D’ENTRAINEMENT!

Renforcement musculaire

* STIMULATION ELECTRIQUE
NEUROMUSCULAIRE

- Envoyer au niveau du muscle un
courant électrique adapté qui,
par le biais d’impulsions, stimule

Frequen 2-3 days/week ) . "y
Moze = 54 Ser‘;els of 612 les fibres musculaires de I'unité
repetitions motrice correspondante et
Intensity 30% 85%of 1 RM permet leur recrutement
Duration 8-12 weeks L i N
- Améliorations intrinséques
*  STIMULATION MAGNETIQUE
Maltais and al AMICCM 2014 s Maltais and al AMICCM 2014 a6
Rarreiro and al Arch 12015, Barreiro and al Arch Bronconeumol 2015

TYPE D’ENTRAINEMENT!

Stimulation du nerf fémoral

* STIMULATION ELECTRIQUE
NEUROMUSCULAIRE:

- Envoyer au niveau du muscle un
courant électrique adapté qui,
par le biais d’impulsions, stimule
les fibres musculaires de l'unité
motrice correspondante et
permet leur recrutement

- Améliorations intrinséques

* STIMULATION MAGNETIQUE

Redox balance following magnetic stimulation training in the
quadriceps of patients with severe COPD

VICTOR BUSTAMANTE!, JUAN CASANOVA!, ELENA LOPEZ DE SANTAMARIA',
SANDRA MAS? JACOBO SELLARES?, JOAQUIM GEAZ? JUAN B. GALDIZ', &
ESTHER BARREIRO? ON BEHALF OF THE ENIGMA IN COPD PROJECT

pr0.007 |
3000 - 34 p=0.959

§

Tiype | foer areas ()

o] ———

Magnetic stimulation-Pre Magnetic stimuiation-Post Magnetic stimulation-Pre  Magnetic stimulation-Post
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TYPE D’ENTRAINEMENT!

Nutritional supplementation for stable chronic obstructive
pulmonary disease (Review)

Ferreira IM, Brooks D, White J, Goldstein R

THE COCHRANE
COLLABORATION®

CONCLUSION

Pourquoi s’intéresser au muscle dans une maladie
respiratoire ? = Relation av QV, tolérance a I'effort
et pronostic survie

Faut-il évaluer cette maladie musculaire? >
individualisation de notre prise en charge

Comment la prendre en charge? -> PEC globale et

locale

aldjia.abdellaoui@inserm.fr

S wrone




