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Ergospirometry Lab

AVOTTVEUOTLKEC TTIPOCAPHOYEC TNC AGKNONC OE
0l0OEVELC PE AVOMVEUOTIKA VOO poTa

Ztavpou O. Baoilewog, PhD,
Epyoduololoyog - KAwikog Epyoduaciohoyocg

Epyaotrplo Epyoomipopetpiag kat MNvevpovikng Altokataotaonc , latpki 2xoAn, NaveniotnuLo
OesocooAlac



Meplexopeva

e AtLoAoynon AsltoupyLkoU EAEYXOU TNC QLVOTTVONC
* AfloAOynon avVOmVEUCTIKWY HUWV

e Ektipnon TNC LKAVOTNTOC YL ACKNON

* AVOTTVEUOTIKEC TIPOCOAPUOYEC OTNV AOKNON

e XAI kat Aoknon

e JAAY kat Aoknon




Meplexopeva

e AfloAoynon AettoupyLkoU EAEYXOU TNC AVOTTVONC
e AfLoAOYNOoN AVATIVEUOTLKWY LLUWV

e EKTLHUNON TNC LKAVOTNTOC YLOL AAOKNON

* AVOTTVEUOTIKEC TIPOOOAPUOYEC OTNV AOKNON

e XAIl kat Aoknon

e YAAY kot Aoknon




STILPOUETPNON

» [la Tov TPOooSLoPLOUO TNC AELTOUPYLKN G UTTOAELTOUEVNC XwpnTikotnTac (FVC) Kol Tou TaxXEwC
EKTIVEOUEVOU OYKou aepa oto 1° s (FEV,) exkteAouvtal TOUAAXLOTOV TPELG IPOCTIABELEG MIE
amokAlon petall toug <10% evw n HeEYAAUTEPN TLUN XPNOLLOTIOLELTAL VLA TOV UTTOAOYLOUO
Tou Aoyou FEV, mpog FVC (FEV,/FVC)

» H péylotn eknvevotikn pon (MEF) oto 75% (MEF 75%), 50% (MEF 50%) kot 25% (MEF 25%)
urtoAoyilovtal amnod tn petpnBeioca FVC
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ATS/ERS, Miller et al., 2005


https://youtu.be/ct_JjOGijKo?t=9

MVEUUOVIKOL OYKOL KOlL XWPNTLKOTNTEC

= £ 4 ]
Inspiratory
rE-?Er‘-'E Inspiratory
volume capacity

:: Vital
Tidal capacity Total lung
m:wlume. » v capacily

4 T

Expiratory reserve
Functional volume
residual
capacity r
I Residual volume
! L

Zaero lung volume

1. Avanveopevog oykog (Tidal Volume) eivat o 0ykog agpa rou Stakiveital oe kABe APEUN avarvon)

2. Aettoupyikn YrioAewmopevn Xwpntwkotnta (Functional Residual Capacity) eival o Oykog agpa Ttou TapapEVEL....
OTO TEAOG NPEUNG EKTIVONG (TEAOEKTTIVEUOTIKOG OYKOG)

3. OAwkn Nvevpoviki Xwpntwkotnta (Total Lung Capacity) elvatl o OyKog agpa Tou TIEPLEXETAL OTO AVATIVEUOTLKO
oUOTNUA OTNV HEYLOTN ELOTIVEVUOTLKN B€on

4. YrioAewnopevog oykog (Residual Volume) eivatl o 0ykog agpa tou TIApAUEVEL...LETA ATIO LEYLOTN EKTIVON

5. Zwtikn Xwpntwkotnta (Vital Capacity)

6. Elonvevotikn Xwpntikotnta (Inspiratory Capacity)

7. Elomtveuotikog ededpiLkoc oykog (Inspiratory Reserve Volume) gival o oykog aépa ... peta€y VT kat TLC

8. Ekmveuotikog epedplkog oykog (Exspiratory Reserve Volume) eival o oykog aépa... petav FRC kat RV

Butterworth et al., 2013 I



Meplexopeva

e ALoAoynon AELTOUPYLKOU EAEYXOU TNC QVOTIVONC
* A&LoAOynon avamveUoTIKWY LU WV

e EKTLHUNON TNC LKAVOTNTOC YLOL AAOKNON

* AVOTTVEUOTIKEC TIPOOOAPUOYEC OTNV AOKNON

e XAIl kat Aoknon

e YAAY kot Aoknon




AUvVOUN AVATTIVEUOTLIKWY LUWV

i maximum inspiratory (MIP and/or PImax) and
> expiratory pressure (MEP and/or PEmax)

T

5

MicroRPM, Care Fusion, California, USA

L]
=

MIP (cmH20)=63.27-0.55 (age)+17.96 (sex)+0.58 (weight)

MEP (cmH20)=—61.41+2.29 (age)—0.03 (age2)+33.72 (sex)+1.40 (waist)

MIP (cmH20)= 142 - (1.03 x Age(yrs))

MEP (cmH20)= 180 - (0.91 x Age(yrs))

ATS/ERS, 2002; Wilson et al., 1984; Wen et al., 1997



AUvVOUN AVATTIVEUOTLIKWY LUWV

The AirOFit PRO™ (Copenhagen, Denmark) is a small, portables,
lightweight, noninvasive, mouth-pressure manometer with a rubber
flanged mouthpiece for assessment and training the respiratory
muscles. AirOFit’s PRO™ E-unit contains pressure sensors and a
Bluetooth transmitter. This allows to measure the breathing patterns
and visualize them on the phone via the AirOFit PRO™ Sport mobile

app.

Moreover, AirOFit PRO™ breathing trainer provides adjustable
airflow resistance, making your respiratory muscles work overtime.
Depending on the selected training program, duration and intensity,
can be able to select the most appropriate resistance level.

The AirOFit PRO™ generates resistance on respiratory muscles -
primarily the diaphragm and the intercostal muscles, with results this
causes fatigue, which is then overcompensated by muscle tissue
growth, making your breathing muscles faster, stronger and more
efficient.




AUvVOUN AVATTIVEUGTIKWV JLUWV

n=21 (Runners, n=6, Cyclists, n= 11, Triathletes, n=4) MicroRPM versus AirOFit PROTM

Inclusion criteria: 220-to-<50 yrs, training age 24 years (25 h/w with HR 270 % of max), without recent
injury (for the last 12 months) (Stavrou et al., 2020), respiratory and/or cardiological disorders and taking
any medication and ergospirometry parameters (VE/MVV <85% and TV/IC <85% and Borg scale dyspnea
score <5). All volunteers have lived and been trained in less than 100 m altitude at sea level, for above 10
months (Voutselas et al., 2019).
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Fig. 3a. Maximum inspiratory pressure (MIP) results Fig. 3b. Maximum expiratory pressure (MEP) results
between devices trials. The bars are present as values and  between devices trials. The bars are present as values and
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Fig. 3c. Respiratory muscle strength (RMS) results between
devices trials. The bars are present as MIP - MEP ratio. Stavrou et al. 2021



Meplexopeva

e ALoAoynon AELTOUPYLKOU EAEYXOU TNC QVOTIVONC
e AfLoAOYNOoN AVATIVEUOTLKWY LLUWV

* Ektipnon tNC LKAVOTNTOC YA AOKNON

* AVOTTVEUOTIKEC TIPOOOAPUOYEC OTNV AOKNON

e XAIl kat Aoknon

e YAAY kot Aoknon




Ektipnon tng tkavoatntog ylia Aocknon

e Méyloteg dokLpaoieg

[EpyooTiipopeTpia,
NoAAivépopo mepridtnua
(Shuttle Walk Test)]

e YMOMEYLOTEC SOKLUOOLEC

[Aoknon oto modnAato pe
otaBepn avtiotaon, Badion
He otaBepn taxvuTnTa,
6-Aemttn Aokipaoio Badiong
(6-min Walk Test)]




DEVICE/ANALYZER

Flow \

Ergometer

Cuff

Oximeter

Arterial line
or sample

ECG —— I

ha

PRIMARY

f, VT, VE 7
PETCO,, Vco, /
PeT0O,, Vo,

Work Rate |

Blood Pressure

Heart rate

PQRST complexes

Spo,

Pao,
Paco,
Hb, COHb
pH, lactate
Sao,

DERIVED
VEe/Vco,
VE/Vo,
R,AT

peak Vo,
O, pulse

AVo,/ AWR
Work efficiency

Double product

Pattern changes

Approximate Sao,

P(a=-EeT)Cco,, VD/VT




Exercise

Breath. equiv. CO2
VO2 slope

ml/min/VWatt

Summary Pred Festing AT Ma
Manual Watts
Tims-auvaraging 20 Seconds
02 uptake/kg mi/min/kg
D2 uptake mi/min
COZ production mil/min
Load w
Summary Pred AT TEpred
Manual
Time averaging 20 Seconds
V'O2IV'O2max Yo
V'O2/V'O2pred %
Cardiac
Summary Pred Festing AT Ma
Manual Watts
Time averaging 20 Seconds
Heart rate 1/min
Heart rate reserve 1/min
02 pulse ml
Blood press.-sys mmHg
Blood press.-dia mmHg
Respiratory
Summary Pred Resting AT Max
Manual Watts
e averaging 20 Seconds
Ventilation L/min
dalweturiie-ex L
Tidal volume-in L
Breathing freq 1/min
Breathing reserve %
FPETCO2 mmHg
PETO2 mmHg

Max 1
fpred

Max 1
Fpred




KAIMAKA (Borg) ASIOAOTHIHE TOY AIZ@HMATOX KAIMAKA (Borg) AZIOAOTHIHEI TOY AIZOHMATOZ

THI AYINNOIAZ THI KONOIHI TON KATO AKPON

0 |KABOAOY KONOIH

0 |[KAOGOAOY AYINNOIA

1 |NOAY EAA®PA KONOIH

1 [NOAY EAADPA AYZINNOIA

2 |[EAADPA KONOIH

i e oon -

2 |EAAQPA AYINNOIA

3 |METPIOY BAOGMOY AYIMNNOIA

4 'METPIOY NPOZ AY=HMENOY BAOMOY AYZINOIA

8

9

10 MAPA NOAY BAPIA AYENNOIA 10 MAPA NMOAY BAPIA KONNZH

Borg et al., 2010



10m Shuttle walking test -60 sec Increments

No. of Shuttles
Level km/h [Time/shuttle (sec) Level Total |Distance (m)|
1 1.80 20.00 3 3 30
2 2.4 15.00 4 7 70
3 3.03 12.00 5 12 120
4 3.63 10.00 6 18 180
5 4.25 8.57 7 25 250
6 4.86 7.50 8 33 330
7 5.47 6.67 9 42 420
8 6.08 6.00 10 52 520
9 6.69 5.46 11 63 630
10 7.31 5.00 12 75 750
11 7.92 4.62 13 88 880
12 8.53 4.29 14 102 1020
10m
- ———=—————-—=—=-- >
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MetaoAR TWV MVEUUOVIKWY OYKWV OTNV AOKNOI OE UYLEC ATOLO

PFT Rest Submaximal exercise Peak exercise

TLC

IRV

VT: av&averon 2-5 popég RR: avEaveron 1-3 popég
£0¢ 45-60%VC
£0¢ 80% IC




Meplexopeva

e ALoAoynon AELTOUPYLKOU EAEYXOU TNC QVOTIVONC
e AfLoAOYNOoN AVATIVEUOTLKWY LLUWV

e EKTLHUNON TNC LKAVOTNTOC YLOL AAOKNON

* AVOTIVEUOTLKEC TIPOOAPHOYEC OTNV AOKNON

e XAIl kat Aoknon

e YAAY kot Aoknon




e OLavamnmveuoTIKol HUEC €xouv Ta (Ol YapaKTNPLOTLKA OTIWE KOLL OL

OKEAETLKOL HUEC
 Mé&Bobdoc aoknong (?7?)

Muscles of Inspiration Muscles of Expiration

Core Muscles Core Muscles

* Internal intercostals
(contracts to pull fibs down)

*« External intercostals
(contracts to elevate ribs)

+ Diaphragm
(relaxes fo reduce thoracic cavity)

+ Diaphragm
[contracts to expand thoracic cavity)




/ N

Eidoc
AVATIVONG

e ....€TOpa Betka pe avénon twv VC kat FEV1, xwpic wotdoo va avéavetal o RV

e ...Elval pokpompoBeopueg

» Kol oxXeTLlovTaL HE TNV EVOUVALWON TWV OKEAETIKWY KOL AVATIVEUOTLKWY LUWV TIOU
auvéavouv tnv Loyu

Santaella et al., 2011; Leith & Bradley, 1976



SPIROMETRY

Pred
FVC L] 3.55
FEV 1 IL] 3.07
FEV1 % FVC [%]
MVV [L/min]  109.67
IC IL] 253
VC MAX IL] 3.63
209
10-
LJS 10
' Vol [L]

10-

20-

4.85
3.94
81.33

3.77
4.85

137
129

149
133

Female
42yrs
65kg
170 cm




Exercise i
Summary Pred Resting AT Max Max 1 E:j/;\t)Lb
Manual Watts Tpred
Time averaging 20 Seconds
Q2 uptake/kg ml/min/kg 27.5 4.3 48.2 60.8 221
02 uptake ml/min 1731 269 3040 3g32 221
CO2 production mil/min 233 2812 4389
Load w 118 0 252 316 268
Summary Pred AT Tspred
Manual
Time averaging 20 Seconds
V'02/V'O2max %
V'O2/V'O2pred % 176
Cardiac
Summary Pred Eesting AT Mazx Max 1
Manual Watts fpred
Time averaging 20 Seconds
Heart rate 1/min 180 67 175 186 103
Heart rate reserve 1/min 113 5 -
02 pulse mil 9.4 4.0 17.4 20.6 219
Blood press.-sys mmHg 110 140 140
Blood press.-dia mmHg 70 80 80
Respiratory
Summary Pred Resting AT Maz Max 1
Manual Watts Fpred
Time averaging 20 Seconds
Ventilation L/min 80 9 60 108 121
Tidal volume-ex L 0.886 2.599 2.825
Tidal volume-in L 0.917 2.653 2.857
Breathing freq 1/min 42 10 23 38 92
Breathing reserve %Yo 28 92 45 1 2
PETCO2 mmHg 37.95 51.75 44 .69
PETO2 mmHg 104.51 91 .36 106.595
Breath. equiv. CO2 32.2 20.5 23.7
VO2 slope ml/min/Watt 0.00 10.99 11.27



Awakomn

ng
AoKNnong

" — 4 4
Konwon MepLdpepeLoKOg KANOTOG

Avonvola — . .
E¢avtAnon OLVOLTTVEU O TLKWV

epedpewwv n/kat

Awatapayi avtaAAayng agpiwv

Vogiatzis et al. Mechanisms of physical activity limitation in chronic lung diseases. Pulm Med. 2012;2012:634761



Méyiotn npooAnyn 02

AVTOVOKAQ TNV QVATIVEVUOTLKNA, KAPOLAYYELAKN KOl HUTKA LKAVOTNTA TOU OpYOVLOLOU
va TtpocAauBavel, va HeTadEPEL KAl VO KATAVAAWVEL 0EUYOVO Kal Elval N
ouVLoTAEVN TIOAAATIAWY BLOAOYLKWYV SLEPYACLWV EVW EKPPALEL TA AVWTEPA OpLAL
TNC TPOOOPHOYN G TOUC KATA TNV £vtovn MUTKA TpoomabeLla Kol yLa To AOyo auTto
elval 6€IKTNG AELTOUPYLKAG TIPOCAPOCTLKOTNTOG

ol
ml. /min

B |T ar| =f
1000 | + w
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] | T |
-J-
3000+ : &
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1000 Dl | 5 [
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E¢iowon tovu Fick

Mveupovikdg Auiruon Kukhiopopia

'&.E'}lf}l.lfll; ﬂ- i Ir.l.ll'.lT'l'I;

X Evdoxvtrapu
UVITVOT]

Loatnua petapopa O Tuotnuo Katavarmong O;
FO; max = Méyio) Kapdrak x  Ménemn apripwopiefug
rapoy (CO) rapopi (a-vO, diff)
[CO = Kapdokn aowypvotnma [a=v()y diff = Apmpuaxo Oy (Ca0,)

(HR x Oykog mohpon (SV)] ~ diefikd O, (CvOs)]




Ergospirometry Lab

n€p l¢8p£laKoq Ka uatog AKTIVH TpoTrovivn TpoTtropvoaoivn

\g, Hopiov
puoaivng

Maxd vnuéTio
(puooivn)

ATP —J

Otav o puc aduvartel va avtamokplBel katd tn SLAPKELA HLOG LEYLOTNG EKOVGCLOC CUCTOANG
oTO NAEKTPLKA epeBiopata

OnA. umtapyel anotuyia petadoong evepyelokol duvaplkol otn HUikA iva mou e€aptatal ano
TN CUYKEVTPWON LOVTwV K+ kat Na+ £€w Kal pEoa amo to KUTTapo

Hansen & Koeppen, 2002; KAetooUpag, 2011



AEPLOUOC

* P €vtaong kata tnv aoknon ennpealeL tnv VO, kat tnv napaywyn VCO,

* TIVEUMOVLKOC Kol KUPEALOLKOC aepLlopoc avéavovtal oxedov opolopopda Pe TNV avénon
NG €vtaong Katd tn Slapkela TNG doknong Ke Tov KUPeALOIKO va uTtoAeimetol eAadpwg
g€attiog Tou V

* P tou Vi, mou oxetiletal pe avénueveg noootnteg O, ou Staxeovtat amo TG KUY eAideq

oto GAeBkO aipa kot auvénupeveg moocotnteg CO, pETAKLVOUVTOL QTO TO Oipa OTLG

! . VENTILATION RATE (breaths/min) . TIDAL VOLUME (L)
KU EALOEC - i
~70 breaths
80
z \
E
=
=
T g 3.00
g 2w |
E 2.50 o4
é o
= 40 2.00 ﬁ
© | ~15 breaths 5
L.E at rest -
= =
E 20 B
Ll =
& 050 ~
0 0.05 L at rest

Okmih (atrest) ~+——— TREADMILL VELOCITY (km/h) ——* 15 kmih



TTapadeiypya QuoIoAOYIKWY AMOKPIOEWY Kdl TPOCAPHOYWYV
ATPOTOVNTWY Kdl KAAd TWPOTOVNHEVWY ATOHWY

Hoeui MéeyioTn
pEHId erwipapuvon
V©O,=0,25 I/min VO,=3,0-
7,4 |/min
K= ~5 I/min KlM=~22-
40 1/min
OMn=~70-
100 mi/naAyé Oorn=~110-
180 ml/marpé
KZ=70 -

50 beats/min - ipag 2009) K3 = 200 beats/min




Table 1. Respiratory parameters and heart rate response before and after the 50 m test at baseline

and post-training in the IBH and SBF groups. Percentage change is from baseline to post training

average of before and after 50 m values (mean + SD).

Baseline Post-Training
Before After Before After %
Group 50 m 50 m 50 m 50 m change
3.3+0.7 3.2+0.7 4.1+0.8*# 3.8+08*f# 17=+15
IBH
FEV (L) 103.0£16.1 98.9+17.1 129.1+20.9 119.3+23.8
predicted (%) 2.7+0.5 29+0.5 29+04 2.7+0.5% -1+11
SBF
96.8+£22.5 101.6x20.9 103.2+£21.3 95.0+24 .4
3.3+0.7 3.1+0.7 4307 3.9=+0.6*F#
IBH
FVC (L) 85.7+14.4 81.2+14.4 112.5%15.1 102.0+10.6 22+ 13
predicted (%) 2.7+0.6 2.9+0.5 2.9=+0.5 2.7 £0.5¢
SBF
80.4+19.5 85.0+18.6 87.8+20.9 79.5+19.3 1+10
4.2 +0.8 4.4 +0.6 49+ 1.0* 4.7+0.8
IBH
PEF (L-s™h) 97.5+15.3 103.5+£12.8 114.9+21.1 110.1+18.0 9+ 14
predicted (%) 3.8+0.9 3.9+0.9 3.8+0.8 3.6 0.7 -4+ 15
SBF
89.5+19.9 91.1£20.5 89.9+17.9 83.6+15.8
IBH 90+ 9 172 £ 167 95+ 12 176 = 107 4 +7
HR (b-min!)
SBF 104 £ 17 172 £ 167 99 +9 170 + 137 -2+9

Ergospirometry Lab

IBH: Intermittent breath holding group, SBF: self-selected breathing frequency group, FEV: forced
expired volume in 1 s, FVC: forced vital capacity, PEF: peak expiratory flow, HR: heart rate. *:
p<<0.05 between baseline and post-training values. #: p<0.05 between groups. T: p<0.05 between pre
and post the 50 m test.

Stavrou et al., 2015
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Fig. 3 Maximum inspiratory pressure responses after the three
breathing techniques (*p < 0.001, 'p < 0.05)
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@ ailoOnua avamnvornc/komwong otnv aoknon

N 5paoTnpLOTNTA OVATIVEUOTLKWY HLUWV

e BeAtiwon agpofroc/avaepofLag LkavoTnTog

Stavrou et al., 2017; Volianitis et al., 2000



Ergospirometry Lab

2 1 b 4 b .
o F oYM o ] 55:
& 5 = OM & 59 ‘Severe % 100 - .
ﬁ ll T § [I = 4. 8[] =1 -84‘\1 [.5 il
a 3- 2 37 'Moderate’ § 60+ = i
z 2 £ 2- 2 404 L 354
© S 1 § 2 e
& & = 25 -
U | 1 i I 1 0 =] I I I 1 1 I U I I I [ 1 20 I | | | ]
0 10 20 30 40 50 0 20 40 40 80 100 120 0 10 20 30 40 50 0 10 20 30 40 50
V'0, mL-kg~T-min-’ Ventilation L-min~" Vo, mL-kg~!-min-1 Vo, mL-kg~!-min-’

el f) ) h)

3.5 - 0.0 p--mmmmmmm e Mg P 4.0 -

3.0 0.5 1 2 354 35 M

o

25 = TD = %E 30 _ 30 A M
— 2.0 1 15+ x i
- > = 0 25 2.5 -
> 15 & 2.0 25 =

1.0 2.5 - g I 2 2.0 1

0.5 3.0 £ 15 1.5 1

U-U I I I 1 I 1 3‘5 1 1 1 1 1 1 i[] I I I I I 1 1-0 I 1 I 1 I 1

0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Ventilation L-min~’ Ventilation L-min™"’ Ventilation L-min~! Ventilation L-min~"’
* @ amavtnon otnv doknon otouc NALKLWHUEVOUC OoPEIAETOL OTN HELWUEVN AElToUpYLa TWV
LU WV

» H Aettoupyla Twv pUwv dtatnpeital pe tTnv Acknon

* @ tn¢ mveupovikig Aettoupylag mou oxetiletal pe TNV NAKKLY, wWoTtooo, SEV AVOKTATOAL LE TNV
T(POTIOVNON

* @ tn¢ mveupovikig Aettoupyiag pumopet va odnynoeL og meploploplo tou VE Katd tnv acknon

Roman et al., 2016
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Ergospirometry Lab

tNeural activity?

Blood flow?
Blood flow? Metabolism?
[ Thermoregulation Changes at the receptor level?

{Sweating capacity

L7
Blood flow? T, - =
Metabolism? = = 1/~Blood flow and gas exchange reserve
Browning of the T\:&f] 48 E % {/—Volumes
white fat? ; _J ‘?-.H t Capillary surface area?
tt Cavity size

t (t1) Wall thicknesses
+/} Blood flow and oxygen consumption

>

Liver, pancreas, gut &

Kidneys: Blood flow distribution?
Blood flow? <02 y Oxygen extraction?

ism?
Metabolism? o 1t Blood volume

_ tt Red blood cells
’iﬁ‘ —/} Hemoglobin
! Levels of circulating energy substrates
Blood flow?

Metabolism?

tt Arterial diameters
< Dilatation capacity
11t Capillary density

| Resting and exercising
blood flow, 1t max. blood flow
1t Oxygen extraction
1t Mitochondria

Heinonen et al., 2014



Ergospirometry Lab




Meplexopeva

e AfloAoynon AELTOUpPYLKOU EAEYXOU TNC AVOTIVONC
e AfloAOynon OVOTVEUOTIKWY HUWV

e EKTLHNON TNC LKOWOTNTOC YLO AOKNON

* AVOTTVEUOTIKEC TIPOCAPOYEC OTNV ALOKNON

e XAl kot Aoknon

e YAAY kat Aoknon




* H XAN amotelel tnv 4" awtia BovATOU TTOYKOOULWG KOl VAUEVETOL VO KATAAABEL TNV

3" B€on péxpL to 2020 (ektipnon tou 2012)

Top 10 global causes of deaths, 2016

Deaths [millions)

Ischaemic heart disease
Stroke

Chronic obstructive pulmonary disease

Lower respiratory infections

Alzheimer disease and other dementias

Cause Group
Trachea, bronchus, lung cancers

Communicable, matemal, neonatal
and nutritional conditions

Diabetes mellitus

Road injury

Moncommunicablediseases

Diarrhoeal diseases

il i

Injuries

Tuberculosis

Sowrce: Global Hezlth Estimates 2018 Deaths by Couse, A== Sew, by Country and by Region, 2000-2018. Geneve, World Heslth Ormanization; 2018,

GOLD Report, 2019



Leading causes of death globally

(2000 @ 2019

1. Ischaemic heart disease

2. Stroke

@c obstructive p@

4, Lower respiratory infections

L@

8. Meonatal conditions

® O

6. Trachea, bronchus, lung cancers
8
7. Alzheimer’s disease and other dementias
O @

8. Diarrhoeal diseases

L O

9. Mabetes mellitus

O—8

10. Kidney diseases
—0O®
0 2 4 6 8 10

Number of deaths (in millions)

@ Noncommunicable @ Communicable @ Injuries

Source: WHO Global Health Estimates,
WHO, 9 December 2020



H Xpovia Amtodpaktikn) MNvevpovomdBela (XAM) eival pio xpovia, Bpadewe sEeAlooopevn
nadnon mou xopaKTNPL{ETAL Ao EKTETAUEV, KN OVTLOTPENTH anodpaén Twv aEpPAYWYWV
» Suonvola

> Brixa

> Topaywyn MTuéAwv

> OUPLYUO

GOLD Report, 2019



O XpOVIOC TEPLOPLOUOC TNG PONC Tou aEpa Tou xapaktnpilel tn XAMN odeiletal oto
ouvOUaOoUO TNC VOOOU TWV aepaywywv (m.y. amodpaktiky PpoyxloAitida) kot tng

KotootpodrC Tov MVEUMOVIKOU mapeyxvpatog (spdvonua) n cupPoAn) tTwv omoiwv

TIOLKIAEL QIO ATOMO OE ATOUO

trachea

right lung

bronchus

normal
bronchiole

normail

narrowed
bronchiole

alveolus




O oNUOVTIKOTEPOC Ttapdyovtac Kivduvou yla tnv avamtuén tng XAl sivat n €kBson otov

KOUITVO TOU Tolyapov Kol dAAoL tepBaAAovTiKoi MapAYyOVTEC

VEVETLKOL TTOPAYOVTEC

OUYVEVELC avVWHOALEC

avwpoAieg dtamAaong

UTTOTPOTILALOVOEG AOLUWEELG TOU KATWTEPOU OVATIVEUOTIKOU CUOTHUOTOC

2Touc¢ epLoootepouc aoBbeveic n XAl oxetiletal pe tnv UTAPEN cofapwv CUVVOCNPOTHTWVY

oL omolec avéavouv tn ouvoALlkr Bvnolpotnta




NaBoduocioloyia tnG vocou
GOLD1 ‘Hma anodpatn FEV, 280% pred

» 0 TIEPLOPLOLOG TWV POWV KaL N ayibeuon aepa <o p MEtpLa arddpatn 50%< FEV, <80%
» n Slatapaxni avtoAlayng agpiwv

» 1 unmepekkpLlon BAEvvNG

» 1N MIVEUUOVLIKN UTTEPTOON

* H aoBévela eéeliooetal pe MOAU apyoUc puBuoUc Kal otav ekdnAwvetal eival nén apketd

opya, kaBwc moAAol aoBeveic v avayvwpilouv ta mpwipa oTtadLd TNC

* H XA pmopet evkoAa va eAeyxOel av SlayvwoBel eykaipwc Kal pUmopel va meploplotel pe

TN SLOKOTIA TOU KOTVIOUOTOG

. ... yla va teBel n dtayvwon tng XAM eival n umtapén cupntwpatoloyiag (duomvola, XpoOviog

Brxac, amoxpepudn) kat €kBeonc og mMapAyovieC KlvOUvVoU




MetaoAn TWV MVEVUOVIKWY OYKWV OTNV AOKNON O LVYLEC atopo vs. XA

PFT Rest Submaximal exercise Peak exercise

Dynamic Hyperintlation

ﬁIC

IR




L I Age: 61 Years Sex:
Weight: 61,0 kg Height: 181,0 cm Race:

male
Caucasian

Cardio Pulmonary Exercise Testing

SPIROMETRY
Pred Best %(Best/Pr Act1 %(Act1/Pr
[L] 4.50 2.50 26
IEEE 1 [L] 3.52 0.98 28 |
FEV 1% FVC [%] 39.15
MVV [L/min] 128.26
IC [L] 3.47
VC MAX [L] 4.68 3.21 69
GOLD1 ‘Hma anodpaén FEV, 280% pred
GOLD 2 Métpla amodpaén 50%< FEV,; <80%
pred




=Xercise

Summary

lime averaging 20 Seconds

02 uptakelkg ml/min/kg
02 uptake ml/min
CO2 production ml/min
_oad w
Summary

lime averaging 20 Seconds

/'02/V'02max %
/"O2/V'O2pred %
Cardiac

Summary

lime averaging 20 Seconds

Heart rate 1/min
Heart rate reserve 1/min
02 pulse ml
S3lood press.-sys mmHg
Blood press.-dia mmHg
Respiratory

Summary

lime averaging 20 Seconds

Ventilation L/min
lidal volume-ex L
lidal volume-in L
Sreathing freq 1/min
Sreathing reserve %
PETCO2 mmHg
PETO2 mmHg
3reath. equiv. CO2

/O2 slope ml/min/Watt
-ECO2 %

-EO2 %

Max
Watts

12.3
753
733

39

Max
Watts

93
66
8.1

Max
Watts

31
1.395
1.238

22

10
29.82

117.27
38.8
15.83
1.88
17.75

Max 1
Fpred

37
37

27

Max 1
Fpred

58

75

Max 1
Fpred

30

53
35

-
Ergospirometry Lab




AcOeveig pe XAN

V' xopunAn agpofLa Kat avaepoLo Lkavotnta

\

n dtatapaxni avtaAAayng agpLwy

\

n Oouvaulky umepdlataon AOyw KATOOTPOPAC TWV QAVOTIVEUCTIKWY  OAYYELOKWY

\

N KUK SUCAELTOUPYLA KAl N HLELWHEVN KapdLlakn AsLtoupyia

OTPWHATWV




Inspiratory capacity L Dyspnoea (Borg scale)

Tidal volume L

T T T T T T 1
20 40 &0 80 100 120 140 160 180
Work rate W

2.47
229
2.0+
1.8+
1.6
1.4
1.2+
1.0+
0.8+

0.6

T T T T
20 40 &0 80 100 120 140 160 180
Work rate W

T T T

T
20 40 40 80
Ventilation L-min-!

T
100 120

Ventilation L-min-!

IRV L

Fb breaths-min-!

1209

T T T T T T T T 1
20 40 60 80 100 120 140 160 180
Work rate W

TLC

457
40+
35
304
257
20+
154
10

T T T T
20 40 60 80 100 120 140 160 180
Work rate W

T T
20 40 60 80 100
Ventilation L-min-!

1
120

PeTco, mmHg V'E/V'co,

Spr? Ofa

—&— Healthy
—e— Mild COPD

50
45
40
354
30+
25+
20

T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180

Work rate W

427
40+
38+
364
34
32

4
30+
28

T T T T T 1

T T T
0 20 40 60 80 100 120 140 160 180
Work rate W

100-
98+
969
94+

92

90 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 18

Work rate W

O’Donnell et al., 2017



N eKmveUOTIKA MUTKA SpaotnpLotnta

™ VE otnv aocknon

TIPOWPN KOTIWON AVOTTVEUCTIKWY UUWV

ELOTIVEVOTLKN aduvapia mou eival moAumapayovtikn oe acBeveic pue XAl 3°Y kat 4°Y otadiou

MIP (cm H,0)

125

100 -

75

50 -

25 1

80

76

T

Mild

Moderate Severe Very severe

Severity of COPD

MEP (cm H,0)

140 1
120
100
*aﬁ 85
80
60 % % %
40
Mild Moderate  Severe Very severe
Severity of COPD

O’Donnell et al., 2017; Nambiar et al., 2018



_._ COPD _._ Controls Ergospirometry Lab

7 7 -
6 - |
/ 8 /
) 0 /
g %5- /l
® & /!
2 o, 8
o 5 7 /!
@ Q )|
@ i /
o g ° i
=
o a
o )
> >,2-
a A
1_
O_
T T T T T T T T T T 1 I T T T T T T |
CP RS RLPRLLS 20 30 40 50 60 70 80 90

Work Rate (W) VT/1C(%)

PFT Rest Submaximal exercise Peak exercise

Dynamic Hyperinflation
ANV ’ "‘" V1/IC <80%

El

EELY

O’Donnell et al., 2017



> unapxet T O, pe anotédeopa T VE aAld Aoyw Satapaxng VE/VA

\

» Gucavdaloyn ‘I TOU MVEUOVLKOU OLEPLOROU OE OXECN ME TLG OLVATIVEUOTLKEG armattnoelg O,

\

» Sp0, <90% Kkatd TNV Aoknon

* N OUMUETOXN OVOTIVEUOTIKWV HUWV (XOUMNAAG £€vtaong Aoknon) TEPLOPLOUOU TNG

‘ EKTIVEUOTLKNG PONG

** He amotéAeopa va ‘P To £pyo TNG AVOTVONG Kal Vo TTPOKAAELTaL Ttpowpn Komwon (KAlpoka

Borg >5)

s Slotapaxn tou HUikoU petafoAopo oxetiletol pe P enimeda cuykévipwonc La oto aipa

KOl LELWHEVN LKOWVOTNTA OMTOMAKPUVONC TOU KATA TN SLAPKELA TNE AoKNONG




J SLaXUTLKN LKOVOTNTA TWV TIVEUUOVWVY,

J IC mou 0bnyet og peyaAltepn dvonvola (Borg Scale)

™ VD/VT ooBapotnta tng XAMN (1 VD)

J VE/WR

™ uetaBoAikéc avaykec 6nA. oco N VE/VCO2 téc0 | PaCO?2

ALEyepon KEVTIPLKWV Kal TtepLPEPLKWV XNUELOUTIOSOXEWV
® QTTOKOPECHOC

o dlatapaxeg otnv oéeofaoikn Loopporia (amwAela duUOLKAC KaTtdoTaong)

O’Donnell et al., 2017



% OVOTTVEUOTIKOC TIEPLOPLOUOC

PoodeuTIKN peiwon tne IC

n €€€ALEN tNC vooou petwvel VT kat IRV katd tn StdpKeLla TnG Aoknong

Avomvoia

duoaveéia otnv doknon
J Hnxavikn tng avarmnvong
N LNXAVLKO TIEPLOPLOUO

Normal

Spirometry Performed

Volume

Flow

i

Abnormal Ventilatory Function

v v v
Obstruction Restriction Mixed
,/_f” g~ sl

~
:' '\-

-

J‘

Flow

uvmumu-,'
b ]
L 1]

Flnw




ZNUOVTLKA onUEia

Ol aoBeveic mapouvolalouv pnxn KoL ypriyopn ovarmvor mou aufAvel TO VEKPO XwPO,
TPOKAAEL Mepaltepw mayidevon aépa pe amoteAsopa tn dtatapaxni tng aviaAAayng
aeplwV KoL TOV UTTOOEPLOUO

OL aoBeveic dLakomtouv Mpowpa TNV acknon Aoyw duodopiag

H avarmvon katd tnv doknon Ba mpEMeL va lval LE TIPOTETAUEVA XELWAN

Oa npeneL va xopnyeitatl O, katd tn SLAPKELD TNG AOKNONG O A0BOEVELG PLE ATIOKOPEGUO

(SpO, <90%) wote va mapateLveTaL N AoKnon




EVOELKTIKO 0LOKNOLOAOVYLO via BeATiwon TwV GUCLKWY LKOVOTATWY

Nivakag 2. Npoypappo BeAtiwonc aepofLog kavotntac.

JUVEXONEVN AoKNON

ALOAELHPOTIKA AOKNON

Zuyvotnta

Mé£Bobog

‘Evtaon

Awdpkela

AloOnpa komwong

TEXVIKN avamvong

3-4 ouvebpiec / eBdopada

JUVEXOUEVN

Evapén oto 60-70% tou Wattmax.

Abénon €pyou 5-10%. Abénon €pyou
LEXPL 80-90% Tou apyLKoL Epyou
Wattmax katd tnv KAAK

10-15 min g mpwteg 3-4 ouvedpiec.
MpoodeuTikn avénon tne Aoknonc
€wc 30-40 min

30 s aoknon, 30 s dtaAewppa
20 s aoknon, 40 s Stalelppa

Evapén oto 80-100% tou Wattmax.

Abénon €pyou 5-10%. Abénon €pyou
LEXPL >150% tou apxtkol Epyou
Wattmax katd tnv KAAK

10-15 min tic mpwtec 3-4 ouvedplec.
Npoodeutikn avénon tng Aoknonc
£wc 40-60 min
(ouumeplapBavopévou Kat Tou
StaAAeiparoc)

KAlpaka komwong kotd Borg (0-10 Babuideg) oto 4-6

Avarvon pe podvouyta Xeln yia tnv amoduyn SUVOULKAC utepdldtaonc

Gloeckl et al., 2013




EVOELKTIKO AlGKNGLOAOYLO Via BeATiwon TwV GUGLKWY LKOVOTATWV

Nivakog 3. Mpoypappa BeAtiwong dSuvapnc.
Zuxvotnta 2-3 ouvebplec / epdopada

210X0G 2TOXEUON yLo TOTKN Huikn e€avtAnon eviog dedopevou aplBuou
enavoAPewv yLo KUPLEC LUTKEC OUADEC AVW Kol KATW AKPWV

ser/enavaAnpel;  2-4 ot Ka 6-12 emavaAPeL e PETPLO pUBHO eKTEAEDNC

‘Evtaon 50-85% tNn¢ ptog peytotng emavaAndne (1RM). Av€non tn¢ évtaonc katad 2-
10% pe 1-2 enavalielc o duo dladoyikee ouvedpiec

Gloeckl et al., 2013



AoKNon ELCTIVEVOTLKWY LUWV

MelwPEVN LKAVOTNTA TTAPOYWYNC €pyou o€ aoBeveic pe XA (nnxaviko mtpoAnpo Aoyw
emumédwong nuidladpaypatoc)

Inhalation Exhalation
Air drawn into lungs Air forced out of lungs

pPectoralis minor
muscles relax

Pectoralis minor
muscles contract

Trachea Trachea

Lungs expand Lungs contract

muscles
contrace

Diaphragm contracts Diaphragm relaxes
and flattens and moves up




AoKNon ELCTIVEVOTLKWY LUWV

Inspiratory muscle training in COPD patients: a meta-analysis

a)  BerAy [11]-
GOLOSTEIM [13]4
LaRsom [18]4
Tatal Pl max =60
DEKHUWZEN [12]
WansE [23]
WEINER [24] -
Total Plmex =E0-

b} BerAy [11]4
GOLDSTEIN [13]
Total P1max > 60-
DEXHULZEM [12]4

WEINER [24] -

Total Pmax =&0-

A
!

)

Fawours cantrol treatrment

-2

g

-1
Favaours con

fro F; freatrment

2

Effect on Inspiratory muscle strength

Effect on general exercise capacity

BeATLWVETAL N AVTOXH TWV QVOTTVEUOTIKWY HLUWV

aAda

oxL n duomvola f N avtoxn otn HEyLoTn Aoknon

JUUTEPOCUATLKA
OxL LEMOVWHEVN AOKNON OVATTV. LUWV
MBavn erutAéov BeAtiwon aoBevwy pe XAl

Lotters et al., 2002
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<
-0.2 1
-0.4 1
—06 Rest Warm-up AT Peak

E=E Control

Ed CET E3 CET+ IMT

Materials and methods:
Eighty-one patients

with  COPD

were

randomly allocated to three groups:

n=28, 8-w CET + IMT
n=27, 8-w CET
n=26, 8-w free walking

Wang et al., 2017



Measurement unit

3a0

B Pre
340

W Post
320
300

280
260
240
220
200
180
160
140
120
100

&0

&0

40

20 . I
0

MIP MEP pH PaCo, HC'D a0, % EMWT MIF MEP r.rH PaCd, PaQ, HE{J Sal%  GMWT
immHg) {mmHg]) [mmHg} qmmHg] immoliL) (mj} {mmHg] (mmmHg) {rang] {mmH-g} :mmn:uh'L]- ()
EMT IMT

Materials and methods:

Forty male patients with moderate degree of COPD were recruited for this study. They were randomly
divided into two groups: the IMT group who received inspiratory training with an intensity ranging from
15% to 60% of their maximal inspiratory pressure, and the EMT group who received expiratory training
with an equal intensity which was adjusted according to the maximal expiratory pressure. Both groups
received training three times per week for 2 months, in addition to their prescribed medications.

Mehani et al., 2017



Tht KEW ENGLAND JOURNAL of MEDICINE

CLINICAL THERAPEUTICS

Pulmonary Rehabilitation for Management
of Chronic Obstructive Pulmonary Disease

Richard Casaburi, Ph.:, M. and Richard Fuwallack, M0

AnevawcOntonoinon L
KEVTIpOU otn Suomvola

Meiwon ayxoug Kat
KkotaOAwWng

Meilwon SuvapLkig
unepdiataong

BeAtiwon Aettoupyiag ©
OKEAETIKWV HUWV




Npocapuovec tnc acknonc oe acBeveic ue XAMN

a) 150-
1404
1304
1204
110-
1004
90-
80-
70-
60-
50— 7 =

Wmax %
1RM %
|
BMWT speed %
|

Work rate progression of a) cycling, b) leg press resistance training and c) treadmill walking
during the exercise training programme. ——: individual progression of each patient; ----- ;
anticipated progression. W, _.: baseline maximal work rate; 1RM: baseline one repetition

maximum (the maximum load which can be moved only once over the full range of motion
without compensatory movements); 6MWT: baseline 6-min walk test.

Probst et al., 2006



Npocapuovec tnc acknonc oe acBeveic ue XAMN

Y R b) EESeSCEE e SR S S e
70 - -
60 - =
50 - )

de PR LE 1= e T

20 - " - 1 T

Exercise time min

Week 1 Week 6 Week 12 Week 1 Week 6 Week 12

Total exercise time performed in weeks 1, 6 and 12 (open bars) and time above the thresholds in

(exercise time+resting time). #: p=0.12; 9: p=0.11; *: p=0.059; %: p=0.054.

Probst et al., 2006



Whittom et al. [53]

Bernard et al. [54]

Rabinovich et al.
[56]

Ortega et al. [23]

Maltais et al. [52]

Barreiro et al. [59]

Vogiatzis et al. [49]

FEV1% pred:
37411/ (n=11)

FEV1% pred:
39412/ (n=15)

FEV1% pred:
38+4/(n=17)

FEV1% pred:
67 £13/(n=14)

FEV1% pred:
36111/ (n=11)

FEV1% pred:
41+18/(n=15)

FEV1% pred:
39+6/(n=9)

36 MM,
30 min/nuépa,
€pyo=50 - 70 %WRpeak

36 MM,
30 min/nuépa,
€pyo=80% WRpeak

40 MM,

30 min/nuépa,
HLKPEC TIEPLOSOUC OTO
90% WRpeak

36 MM, 40 min/nuépa,
€pyo=70% WRpeak,
Bapn avw/kAatw akpa

36 M,
30 min/nuépa,
€pyo=80 %WRpeak

15 MM,

30-60 min/nuépa,
EPYO=UIKPEG TIEPLO-
d6oug oto 90% WRpeak

30 MM,
30 min/nuépa,
€pyo=75% WRpeak

™ Tunov lla (21%),
J yahaktikoU o€€og oto aipa,
<-> 0TO TPLYOELOEC OE avaloyia wv

™ duvapung tou tetpakédalou pnplaiov
(8%),
™ Suvapng peilovog BwpakikoL (3%)

J yodaktiko ofL oto aipa

™ avénon puikng SuvapNg Avw Kat
KATw akpwv (15-20Kg)

Jd aptnplakol yaAaktikol o€og,
™ SpaotnplotnTac KITpLkn g ouvbaong,
™ Spaotnplotntac HADH,

J o€elbwtikol oTpeC PLECW TOU
pnovoéetldiov tou alwtou

™ tpyoeldbn/avaloyia vwv,
J dpaotnplotntag PFK

Boywatln ¢ kat ouv, 2013 I



Exercise benefits in COPD

¢ /l\ exerC|Se and fU nCtiOnaI Ca paCity Pascual-Guardia 2012 Gardia-Aymerich et al 2007
* P symptoms of breathlessness s 2o
¢ /l\ fU nCtIOnal StatUS and quality Of ||fe Furlanetto et al 2016 McCarthy et al, 2015

* (@ patient reported fatigue v terck etarzois
o /M anthropometric variables runetoetaizoi

* @ anxiety and depression sordonetar200

¢ /]\ cardiac function evsszou


http://www.ncbi.nlm.nih.gov/pubmed/22440138
http://www.ncbi.nlm.nih.gov/pubmed/17158282
http://www.fyss.se/wp-content/uploads/2018/01/20.-Chronic-obstructive-pulmonary-disease.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27683835
https://www.ncbi.nlm.nih.gov/pubmed/27683835
http://www.fyss.se/wp-content/uploads/2018/01/20.-Chronic-obstructive-pulmonary-disease.pdf

Variable Post-
PR improvers

(n = 16)

Pre-PR

Post-PR

Peak incremental exercise values

Workload

W 36 £ 22 46 £ 177

% of the predicted value 24.8 + 14.3 34.2 + 10.3%
VO,, L/min 0.76 + 0.18 0.77 £ 0.21
VCO,, L/min 0.81 £ 0.23 0.80 £ 0.25
Ve, L/min 33.7 £ 8.1 33.7 £ 9.7
V./MVV ratio, % 87.9 + 18.6 87.0 £ 21.2
Vo, L 1.08 £ 0.34 1.09 £ 0.37
RR, breaths/min 32+ 6 30+ 6
T,s 0.79 £ 0.19 0.81 £0.18
T, s 1.24 + 0.27 1.27 £ 0.31
T,/Ttot ratio 0.39 £ 0.04 0.39 £ 0.05
SpO,, % 93 +2 94 + 2

Post-6MWT values

6MWD

m, median (range) 310 (170-425) 338 (230-490)"

% of the predicted value 29.8+7.2 345+7.7F
Borg dyspnea score, median (range) 3 (0-5) 3 (0.5-5)
Borg leg fatigue score, median (range 2 (0-5) 1 (0-5)
SpO,, % 92 +3 90 + 4*

Albuquerque et al., 2016




L I Age: 61 Years Sex: male
Weight: 61,0 kg Height: 181,0 cm Race: Caucasian
SPIROMETRY
Pred
FVC [L] 4.50 2.950 56
FEV 1 [L] 3.52 0.98 28
FEV 1% FVC [Y6] 39.15
MVV [L/min] 128.26
IC [L] 3.47
VC MAX [L] 4.68 3.21 69
GOLD1 ‘Hma anodpaén FEV, 280% pred
GOLD2 Métpla anodpaén 50%< FEV, <80%

pred




=Xercise

Summary

lime averaging 20 Seconds

02 uptakelkg ml/min/kg
02 uptake ml/min
CO2 production ml/min
_oad w
Summary

lime averaging 20 Seconds

/'02/V'02max %
/"O2/V'O2pred %
Cardiac

Summary

lime averaging 20 Seconds

Heart rate 1/min
Heart rate reserve 1/min
02 pulse ml
S3lood press.-sys mmHg
Blood press.-dia mmHg
Respiratory

Summary

lime averaging 20 Seconds

Ventilation L/min
lidal volume-ex L
lidal volume-in L
Sreathing freq 1/min
Sreathing reserve %
PETCO2 mmHg
PETO2 mmHg
3reath. equiv. CO2

/O2 slope ml/min/Watt
-ECO2 %

-EO2 %

Max Max 1 Max Max 1
Watts Fpred Watts Spred
12.3 37 14.5 44
753 37 882 44
733 894
39 27 47 32
Pre PR Post PR
Max Max 1 Max Max 1
Watts Fpred Watts Spred
93 58 133 84
66 26
8.1 75 6.6 62
0 0
0 0
Max Max 1 Max Max 1
Watts Fpred Watts Spred
31 30 38 37
1.395 1.791
1.238 1.658
22 53 21 51
10 35 - -1
29.82 3.90
117.27 15.79
38.8 39.6
15.83 14 .56
1.88 2.73
17.75 17.91

Ergospirometry Lab







To ZAAY eival pa kowvn maBnon mou ennpedlel 1o 9-38% % tou yevikou mMAnBuopou

Xapoktnpiletal amnod emavalappavopeva emnelcodlo mou odnyolv Oe TECOEPLG

neilovec apeoec mabodpuoloAoyIKESG aAAayES, cupTtepAAUPAVOUEVNC TNG

i. umnoélac-emavofuyovwong

ii. t™NC umepkanviag (HetafoAnl Twv agpiwv TOU apTtnPELAKOU OLUOTOG KoL TNG
o&eoPfaoLKAG LoOppOTTLAG)

iii. ouxVEC adumVvioELC TTOU KATAARYOUV OE KATOKEPUATIONO TOU PUCLOAOYLKOU UTIVOU

KoL

iVv. HEYAAN apvnTLKN TILEON KATA TNV ELOTIVON 0€ auénuévn evboBwpakikn mieon

Senaratn et al., 2017



USA
AHI =5 events per h: 54 million
AHI =15 events per h: 24 million

France
AHI =5 events per h: 24 million
AHI 215 events per h: 12 million

Germany
AHI =5 events per h: 26 million
AHI 215 events per h: 14 million

Russia

AHI =5 events per h: 40 million
AHI 215 events per h: 20 million

*
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Brazil
AHI =5 events per h: 49 million
AHI =15 events per h: 25 million

Japan
AHI =5 events per h: 22 million
AHI =15 events per h: § million

~ | cChina

s

TN
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AHI =5 events per h: 176 million
AHI =15 events per h: 66 million

I
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e

Nigeria

AHI =5 events per h: 31 million
AHI 215 events per h: 12 million

Pakistan
AHI =5 events per h: 42 million

AHI 215 events per h: 17 million

India
AHI =5

AHI =15 events per h: 29 million

Y

events per h: 52 million

Benjafield et al., 2019



Obstructive Sleep Apnea

Upper airway anatomy Sites of obstruction during
sleep apnea

Hard Palate

Hyoid bone

COropharynx Laryngopharyns

Epiglottis

Duotoloyikr pory aépa oto ddpuyyoa Anodpafn Twv OEPAYWYWV  KATA TN
Sldpkela Tou UTIVOU

Levitzky, 2008



NREM (75-80%, 4 otadia)

1° otadlo (petaBatikn daon amno tnv eypriyopon otov UTvo, Slapket Alya
Aertta, HET xapnAou duvagiikou)

2° otadlo (mepattépw emiPpaduvon tng Spaoctnprotntac HEN, 45-55%)

3°kat 4° otadlo (Umvoc BpadEwv KupATwY Kot artoteAel to 15-20%)

REM kuplapyel oto teAeutaio tpito tng meptodou tou Unvou (HET poldlet pe
oUTO Tou 1°Y otadiov)

Hours of sleep

National Institutes of Health, 2018



2Uvépopo anoPpaKIlkAC anvorag Urtvou (ZAAY)

Artvolal

» TIARPNC maon tnG pong Tou agpa yla touldxtotov 10s
» I <10% tng otabepric pong agpa armo tn Baotkni Ypauun

Yriomvola

» { ponc tou agpa >50%,
» { pong tou aépa <50% mou oxetileTal He AMOKOPESUO 3%

» | ponc tou agpa nmou oxetiletal pe nAektpoeykedaloypadikn StEyepon

Agiktn¢ amvolwv/vnonvowwv (AHI)

= hpUGCLOAOYLKO (<5/h1),

" TILOV (5-15/h1)

" LLETPLOU (15.1-30/h1)
= goBapou Babuov (>30.1/h1)

Rechtachaffen & Kales, AASM, 2007; Mendes et al., 2014



2Uvépopo anoPpaKIlkAC anvorag Urtvou (ZAAY)

Adunvioelc
> alo0ntn LElwon Tou oAUATOC PONG agpa /Ko
» TLEPLOPLOUOC TNC PONC aEpQ

...TO 2AAY

= | avamnvevotikn mpoomnabsla rj/kat anovoia

= KUKAoUC uTtoiac-emavoéuyovwong

= SuoAeltoupyia Tou Autovopou NeupLKkoU ZUOTHHOTOC

s oxetiletol pe moBoAoyika aitia (avarnivon Cheyne-Stokes)

s eptBaAlovtika altia (LeYAAo UPOUETPO SLOKOTITOUEVN avaTvon)

Thurnheer, 2011; Naughton, 2012



AHI>20 (events/h1)

nayvoopkia

avénuevn All

HELWMEVN duolkn dpaotnplotnta

AHI>35 (events/h1)

UELWHEVO MUIKO peTafoAlopd koatd tnv Kopdloavarmveuotiky Sokipaoia
KOTIWONC

LLOLKpOXpOVLaL EKBeCN TOU HUiKOU LOTOU 0 OUVONKEC UTTOELOLC

Cintra et al., 2011; Bonnani et al., 2004



Results after exercise protocol

Reference Protocol
Increase Decrease
Grote et al., 2004 50 watts per 2 min BP HR
Tryfon et al., 2004 10, 15 or 20 watts per 1 min* ~ BP VOamax
Bonnani et al., 2004 3 min submaximal test VOymax, La
Oztruk et al., 2005 20 watts per 2 min’ VOimax
Lin et al., 2006 1 min on 100 kpm VO2max, anaerobic threshol
Kaleth et al., 2007 15 watts per 1 min’ VOymax, HR, SBP
Vanhecke et al., 2008 Bruce test BP VOymax, HR
Ucok et al., 2009 Wingate test % body fat VO2max,
Cintra et al., 2011 CPET maximal test BP, LV HDL
Rizzi et al., 2013 10-15 watts per 1 min™ DBP VOmax
Stavrou et al., 2015 15-20 watts per 1 min™ VOymax, Ve/MVV, VO,/HR
Stavrou et al., 2018 15-20 watts per 1 min™ PerCO,, BP
Stavrou et al., 2019 15-20 watts per 1 min™ Leg Fatigue VOymax, HR
Stavrou et al., 2021 6MWT Dyspnea, Oxidative stress  6MWT

Stavrou et al., 2022
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Continuous positive airway pressure (CPAP) therapy

CPAP Therapy
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Continuous positive airway pressure (CPAP) therapy

Apvntika tng Oeparneiag CPAP....katd Toug acOeveic
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Sleep. 2011 Dec 1;34(12):1631-40. doi: 10.5665/sleep.1422.

The effect of exercise training on obstructive sleep apnea and
sleep quality: a randomized controlled ftrial.

Kline CE', Crowley EP, Ewing GB, Burch JB, Blair SN, Durstine JL, Davis JM, Youngstedt SD

n=43

12-€B6
Age 18-55 o ' ,
Aie|>15 i ({ ZAAY; ? Swpotikd BApoc, AUVOLN OVOATTVEUCTLKWY
BMI >25 EU,(:):',H,?:OTT\OL UTvou, AELTOUPYIKOC €AEyXOC TOu

<{ H doknon mapouolalel HETPLA ATIOTEAEOUATIKOTNTA 0T pelwon tou AHI oe
uTEpBapouc-axVoapkous acBevelc Kal Hmopel va elval emwdpeAnC yla tn
£y Olaxeiplon tou ocuvdpouou mMEpav TNG AMWAELAG BAPOUG

* JTimes/WeeK for 1Z Weeks

4 weeks of training

» weeks 5-12 (150 min/week of aerobic exercise, 4 sessions/week, 2 days/week = resistance exercise =
2 sets of 10-12 repetitions for 8 different exercises)

* Aerobic training intensity was 60% of HRR (5-min warm-up and 5-min cool-down)

* Resistance exercise, performed twice per week 12 repetitions (included shoulder press, lat
pulldown, leg extension/leg flexion (alternated between sessions), chest press, upright row, leg press,
bicep curls/triceps extension (alternated between sessions), and abdominal crunches.

Stretching control

* 2 times/week for 12 weeks (2 sets of 12-15 stretches, each held for 15-30 s)




Sleep and Breathing
httpsy/doi.org/10.1007/511325-018-17361

Effects of 12 weeks of regular aerobic exercises on autonomic
nervous system in obstructive sleep apnea syndrome patients

Hongyan Yang' - Yuanhua Liu? - Huan Zheng* - Guanghui Liu® - Aihong Mei®

Confrol group (r=35) Exercise group (n=32) P value
Age (years) 48.6£ 7.2 463 £ 6.4 0419
Male/female 2411 22/10 0.360
BMI (kg/m*) 271+ 35 27.6+4.7 0.227
Neck circumference (cm) 38.2+4.1 393+56 0.504
Waist circumference (cm) 1154+ 16.7 1173+ 184 0.268
Waist-to-hip ratio 0.93+ 0.08 0.92+0.07 0577
Smokers (n %) 18(51.4%) 17(53.1%) 0475

12-€B6 (3dopec/eBO) aepoBla doknon

(15-min npoB€ppavon, 30-min oto AT tn¢ VO Kat 15-min amoBeparneia)

2max




Table2 CPET and PSG parameters, clinical characteristics at baseline and after 12 weeks in two patient groups

Confrol group Exercise group Differences in changes
between groups
Baseline 12 weeks' follow-up Fwvalue Baseline 12 weeks® follow-up F value P value
BMI (kg/m) 27.1£3.5 M E£3T 0614  27.6+47 25£42 0.023  0.018
Meck circumference (cm) IR2+41] v1+44 0305  393+356 3T4+£59 0716 0.829
Waist circumference (cm) 1154+16.7 1116+ 183 0081 1173+184 1152+£20.6 0305 0214
Waist-to-hip ratio 093+008  0.92+0.07 0614 092007 091+£007 0683 0415

12-eB6 aepoflag doknong, oL aoBeveig pe ZAAY eudavicav BeAtiwon otov AMZ,
AHI, to AvergSpO, katd tn dlapkela touv Umvou kaBwg kat to HRR kata tn Sidpkela

NG Aoknong.

S — —— e — S -
Cr (umol/L) 76.4+107 TR2+11.6 0328 683+129 702+12.4 0248  0.516
NE (ng/L) 203.6+248 289.5+26.7 0153 28474261 280.1+276 0.360  0.401
HRR (b/min) 17.7+56 18162 0215 181+64 219+8&]1 0.008  0.009
SPO:yakecfubness (7) 970+22 968+23 0327 972+24 975+16 0.169 0215
Total ART (eventsh) 03t6.1 201170 0410 W2t 713 164132 032 0.0
Supine AHI (events/h) 21.7+58  21.8+6.1 0505 221+63 183449 0.024  0.011
ODI (events/h) 124+79  126+58 0527  13.0+82  114+83 0062 0.134
AverSpO2 (%) B7.1+R2  B65+74 0297 886+74 912493 0.044  0.032
MinSpO2 (%) R1.5+124 81.8+137 0.109 79.1+13.6 79.9+12.4 0341  0.258
Arousal index (events/h) 276+93  IR5+R7 0263  2R1+105 2724116 0.183  0.092
Timepercentage Spl, below T.EE£ 1.4 1.5+1.2 0384 7617 6l+1.5 0031 0027

90 % (%)

VOapea (ml x kg xmin ') 205+67 29.4+8.1 0714 284+71 321485 0208  0.016
Power,, 5, (W) 6RO+R4 601400 0526 673+91  704+10.2 0041 0.039
AT (W) 501472  SRE+6.9 0367 S89+83  616+96 0015  0.024
VOaar (ml xkg *min')  26.1+5.1 26876 0192 253+52  281+73 0.026 0.017




Sleep Breath (2011) 15:49-56
DOI 10.1007/511325-009-0311-1

The effect of exercise on obstructive sleep apnea:
a randomized and controlled trial

Yesim Salik Sengul - Sevgi Ozalevli - Ibrahim Oztura -
Ova Itil - Baris Baklan

Exercise group n=10 Control group n=10 P value

Age (year) 54.40 (6.57) 48.0 (7.49) 0.04"
Height (cm) 170.40(6.17) 176.60(5.40) 0.40*
Weight (kg) 86.40(8.04) 88.47(16.24) 0.70"
Percentage of current smoker 30.0 30.0 0.25°
Percentage of Never 60.0 30.0

Percentage of former Smoker 10.0 40.0

Regular exercise 30 10 0.26"
Not regularly exercise 70 90

12-€B6 (3 popéc/ePb)
[AvamveuoTikeC aoknoelg (15-30 min) kot aepofla doknon oto 60-70% of VO
(kukAo r/kat Samedboegpyopetpo) yia 60-90 mint ]

2peak




Table 1 Amnthropometnic changes

Exercise group Control group p*
Pre Post P Pre Post pP*
BMI (kg/m2) 20.79 (2.66) 20.20 (3.07) 0.17 28.42 (5.42) 2828 (5.52) 0.89 0.41
Meck circumference (cm) 41.15(1.53) 42.15 (2.79) 031 41.30 (3.47) 4160 (3.10) 047 0.54
Waist circumference (cm) 104.25 (5.51) 104.45 (6.85) 0.88 103.5 (14.83) 10125 (11.57) 0.21 0.16
Waist-hip ratio 0.97 (3.33) 0.97 (3.24) 0.79 0.96 (6.30) 0.96 (5.59) 0.96 33
Body density 1.03{9.38) 1.4 (7.7) 0.17 104 (7.23) 1.04 {5.65) 0.29 0.50
Rindw fat mercentase MG 2R.41 (40N MHET (AT ni17 24 B4 13060 2SR M2 4Am n2ag 153
Table 3 Results of pulmonary function tests and the exercise test
Exercise group Control group e
Pre Post P* Pre Post P*
FEWV % predictive 1043 (10.65) Q660 (17.57) 0.13 11250 (22.03) 10340 (25.00) 0.11 0.62
FVC% predictive 10850 (12 067 OE.60 (18.90% 0.05 105,80 {(16.85) 0040 (21.92) 0.11 0.94
FEWV, /4 ’ ’ 14 b
o o Agv  umnpée  petafoAn ot aVOPWTTOUETPLKA  XAPOKTNPLOTIKA,  OTLG |
Pi il OIVOLTIVEUOTLKEC TIOPAUETPOUC, oTNV molotnta {wn¢, otnv molotnTa UTVOU Kol |
Miax , , r
vie1| OTNV LKAVOTNTA yLoL AOKNON

Maxmmum work foad (W)

ITZ2.530(35.534)

13500 (15.1T) 002

14 1.530 (3590)

147530 (Z5.530)

031

0.4

Table 4 Results of the polysomnographic and intra- and imter-group differences for the control group and exercise group following the
intervention period

Exercise group Control group f i
Pre Post P Pre Post P
AHI 1519 (5.43) 1101 (5.28) 0.02 1792 (6.45) 736 (11.18) 0.58 0.11
Sleep efficiency® E0.58 (6.34) B6.35 (13.97) 0.14 2905 (5.96) ER30 (9.53) 080 0.91
Saturation® 2300 (4.53) 2360 (4.48) 0.94 2250 (5.44) 2403 (4.530) 0.51 0.94
Total sleep time (min) 361.30 (5527T) 361.16 (T9.99) 0.0 3815 (5727 351.82 (R9.64) 029 0.76
ESS .20 (6.14) 7.0 (6.65) 0.40 3.42 (30T 530 (4.191) 0.43 .65
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Volume 00, Number 00, 2018, pp. 1-9

© Mary Ann Liebert, Inc.

DOI: 10.1089/acm.2018.0197

The Effect of T'ai Chi and Qigong Training
on Patients with Obstructive Sleep Apnea:
A Randomized Controlled Study

Gulhan Yilmaz Gokmen, PhD, PT! Muhammed Emin Akkoyunlu, PhD, MD/
Lutfiye Kilic, PhD, MD;? and Candan Algun, PhD, PT"

12-e36

OL aoBeveic xwplotnkav tuxoia o€ 2 opAdeC

[mapépPBaonc (n = 25, 3 dopec/eBS TCQ 60-min kal 2 dopec/sBO Mpoypappa ACKNONC OTO
oTttL) vs. eA€yxou (n = 25, 5 dopec/eBS mMpoypappa AoKknong oTo ority)].




Tavre 1. T ar Car ambD (oG TraimNinG PrROGRAM

TCQ exercises”

A roocd et e |
duration (min)"

Warmup exercises
Swinging the arms
Enee rotation clockwise/
counterclockwise
Hip rotation clockwise/f
counterclockwise

10min

5 min

15 reps—per
cach direction

15 reps—per
cach direction

Double full moon 10 reps
Leaning forward, bending 10 reps
backward
Head rotation side to side 10 reps
igong exercises 15 min
Baduanjin exercise-1: 5 reps
Supporting the sky with
both hands
Baduanjin exercise-11: 5 reps
Drawing a bow to each
side resembles shooting
an eagle
Baduanjin exercise-1I%: 5 reps
Looking back like a cow
gazing at the moon
Wu Chi position 3 min
Metal position 3 min TasLE 2. ConTrROL GroUr HoME EXERCISE PROGRAM
Shili metal position 10 reps
Therapeutic r'ai chi exercise 15 min Ereurhing EXEFCISEs
Silk reeling—left hand 2min
Silk reeling—right hand 2 min . . .
Silk reeling—with two 2min Dlaphragmal_lc hl‘EElﬂ]lllg 10 Ieps
hands Chest breathing 10 reps
Silk reeling—front 3 min
Wawve hands like clouds 3 min P iy
Wave hands like clouds— 3min osture exercises
three steps
Cool down exercises 10min Cervical lateral flexion 10 reps
‘*\’:ﬂ mfl:hl position %l“!ﬂ Cervical extension 10 reps
Moul position Zoia Cervcal flexion 10 reps
Shoulder circumference 10 reps
"Exercises performed wsing Tan Tien breathing. rey i
PTraining program lasts for 60 min, including rests. Shoulder elevation 10 reps
TCC, r'ai ohi and gigong.




Intervention group (n=23) Control group (n=23) Difference

between
Pretraining Post-training p Pretraining Post-training P groups, p

PSG

TST, min 3584+4966  335.60%£40.10 0290 358.72+£47.10 361.04+£3841 0816 0363

Supine time, 489712361 47.03+£2455 0315 36331777 322621479 0161 0.525

G TST

SE, % 83552936 B6.B3 £ 8.17 0464 89.05x8.12 89.26x691 0905 0.669

SL, min 12.75 [6.86-18.5] 10.50 [3.0-21.25] 0.776 1150 [6.25-22.75] 10.50 [4.5-20.50] 0.205 0935

RemL, min 128.17+60.28 108.42x41.51 0224 106.04 5391 85.52x33.25 0097 0.968
Sleep stages

Stage R, % 16,08 +£5.384 1647473 0.758 17.74 £6.62 1768649 0971 0.835

Stage R, min 556112480 55.27+2067 0100 636312439 638312782 0942 0.182

Stage N1, % 3901364 3.07+£2.15 0.122 33324.03 2241211 0233 0439

Stage N1, min 1348+14.69 10.30 * 6.62 0.287 11.92+1891 8.08+5.38 0484 0.937

Stage N2, % 65.90x10.57 63.06x11.58 0.271 637421195 6697x11.04 0288 0.041%

Stage N2, min 22790+4433  211.62+52.12 0.122 228.651+49.56 241.79+56.74 0258 0.037*

Stage N3, % 14.14+941 1730 11.60 0253 1534 £8.68 1296781 0.198 0.048*

Stage N3, min 48.78+35.43 58.05+31.47 0.125 550212780 467922912 0289 0.043*
[Respiraiory events

Lowest Sa0s, % 84.04+4.33 85.68 +2.97 0.040%  B4.12x4.41 B4.20x356 0924 0.173

Mean Sa0; 4.0 [3.0-40] 4.0 [3.0-4.0] 0271 4.0 [5.0-4.0] IT0 304357 0878 0.531

Dest, %
AHL, /h 19.32+7.09 13782748 <0.001* 18.6616.14 203321068 0318 0.001*
Arousal Index, /h 777369 6.42+4.36 0.159 704322 566365 0088 0977




Intervention group (n=25)

Control group {n=23)

Difference between

Pretraining  Post-training p Pretraining  Post-training  p groups, p

PFT

FVC, % 05861493 97.04%1730 0713 92581160 91521£222 0566 0547

FEVI, % 00381616 9988%17.60 0862 9435066 9620961 0.106 0539

FEVI/FVC, % 106.69x13.02 10354880 0248 107.59x11.41 103.05£21.56 0340 0.785

PEF, % 08.22+17.73 94761951 0330 98462145 991712035 0817 0.373
PSQI

Total 8.40+2.94 576188 <0.001*  6.84x2.67 656271 0598 0.003#

SQ 2721 1.67 176x1.09  0017*  220%1.38 212101 0.769 0.063

SE 2.68%1.57 200£1.58 0,080 204+1.64 240185 0287 0.042#

DD 3.00%£1.32 2082091 <0.001*  2.60x1.15 228110 0212 0.084
ESS

ESS 0.56 % 5.68 576345 <0.001*  8.20+5.25 837474  0.805 0.001*
SF-36

PCS 50571523 5340%16.12 0321 57671569 54851439 0356 0.175

MCS 433721392 47101377 0175 47441661 4762+1193 0961 0428

H ekmaibevon pe TCQ pmopel va pewwoet tov AHI kat tnv nueprola umvnAia, svw
BeATLwVEL TNV moLloTNTA UTVOU, o€ 0.oBeveic ZAAY rTtlou Kol LETPLOU BaBuou




Respir Physicl Neurobiol. 2018 Nov 22. piiz 51569-9048(18)30372-0. doi: 10.1016/).resp.2018.11.009.

print]

The effect of physical strain on breeders patients with obstructive

sleep apnea syndrome.

n=32

(ZAAY n=20 vs. eAéyxou n=12)
Kputpla etoodou:

30-60 stwv, BMI <35

Kpttipla amokAeLlopou:
ouvvooupoTNTa,

KOTIVLOTIKA ouVABELa,
eBdopadlaia doknon =130 min

P
QOGAS group Control group value

Age, yT= 459 + 10.2 422+7.3 NS
BMI, k/m? 306+ 34 205 +22 NS
AHI, events/h-* 473+ 232 28x11 -0.001
Apnea, events,/h! 249+ 2548 0.4 =03 0.001
Hypopnea, events/h 226 + 127 b7 £ 23 < 0.001
DI 4480+ 269 6.8 £ 5.9 < 0,001
MinSa(- 79.0 £ 10.6 937 £ 3.1 < 0,001
Sleep duration, min-! 3245 £ 544 310.3 £ 54.3 NS
Epwaorth Sleep Scale 0.2 + 4.7 8.3 +£33 NS
FEV,, % of predicted 104.2 + 265 1114 £ 119 NS
FVC, % of predicted 106.9 £ 27.0 111.7 £ 17.0 NS
PEF, % of predicted 113.0 £ 124 1039 £ 17.1 NS
Phyzical strain

working experience, yrz 254+ 82 220+59 NS
walking/day with the hard, h™ 341207 32+ 0.7 NS
working, hours/day, b 137+ 156 138 +08 NS
waorking, days/week, frequency 70/ 70 £/ NS
milkingduration/day,h* 21+07 1905 NS




Table 2
Ergospirometryresults between groups.

P
OSAS group Control group value
Watts 175 = 48 185 £ 46 NS
Intensity of leg fatigue, Borg Scale 59+ 1.2 6.1 1.4 NS
Intensity of dvspnea, Borg Scale 2.3+ 1.1 2.6 + 0.8 NS

H kaBnuepvn puoikn dpaotnplotnta mbavov va XEL TTPOOTATEUTIKO pOAO otnv eEEALEN

NG vooou oe acBeveic pe ZAAY.

a."F'E'_'lR!‘ T oI pPie e e

i T —

C T e =

VO.peap ml/min? 2415.1 = 543.9  2627.2 +563.1 NS
VCOs,..p,, ml/min 2627.3 + 631.0 28457 + 667.4 NS
RER 1.1 + 0.1 1.1 =0 NS
Va oy L/min~! 79.9 + 20.1 04.8 + 27.2 NS
P2rCO; pon,, mmHg 38.7 = 3.0 35.4 = 5.5 0.031
P07 poar, mmHE 121 £ 4.0 TI53 £5.2 NS
SPO3 peas % 97.3 + 1.1 97.7 + 0.9 NS
Vg/MVV 64.1 = 19.1 65.3 = 14.9 NS
HR, % of predicted HR__, 92.8 + 8.9 98.2 + 7.2 NS
MAP, mmHg 122.7 + 10.6 113.7 + 11.8 0.035




Effects of Exercise Training on Sleep Apnea: A Meta-analysis

Imran H. Iftikhar - Christopher E. Kline -
Shawn D. Youngstedt

Lung (2014) 192:175-184
DOT 10.1007/s00408-013-9511-3

Citations screened: 498

W

Potentially relevant studies: 35

Excluded:

Studies reporting data in median and
IQR: 3

Mijggylimotaes S

H peta-avaluvon mopouciaoce emnidpaon tng acknong otn peiwon tou AHI o€ |
aoBeveic pe ZAAY pe eAdxloteg aAAOYEC OTO CWHATLKO Bapoc. - 2
JNUAVTIKEG ETIOPACELC TNG AOKNONG OTNV KAPOLOAVATIVEUOTIKA KOVOTNTA, TNV ks s
nUePnoLa uTtvnAla Kol TV oLdtTnTA Tou UTVou.

v

17 exercise intervention studies

L

Studies using CPAP in addition
| to exercise: 12

5 studies included in analysis




Complementary Therapies in Medicine 41 (2018) 208-214

Efficacy of exercise as a treatment for Obstructive Sleep Apnea Syndrome: A
systemartic review

n = ;_,A - i ,h
Benjamin Bollens™”, Grégory Reychler” £ Records identified through Additional records identifiad
E database searching through other sources
& {n=1775) {n =0]
E Fubmed: n=1277
ﬁ Scopus: n=498
o4 l 5
J— Records after duplicates remowved
(m = 1GEY)
£
5
H owpatikn Spaoctnplotnta TPEMEL  va 5 Records excluded
, , , Records screened .[” =1610)
ouvioTatal w¢ Bepareia ylo toug acBeveic pe (n =1687) P v e
SAAY Ot of topic: n=1410
Full-text articles excluded,
g ¥ with reasons
] =a7
2 s ssesed | oyottope e
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Four Weeks Exercise in Obstructive Sleep Apnea Syndrome Patient
with Type 2 Diabetes Mellitus and without Continuous Positive
Airway Pressure Treatment: A Case Report

Vasileios Stavrou, PhD, Eleni Karetsi, MD, PhD, Zoe Daniil, MD, PhD, |. Konstantinos Gourgoulianis, MD, PhD
Laboratory of Cardio-Pulmonary Testing, Department of Respiratory Medicine, Faculty of Medicine, University of Thessaly, Larissa, Gresce

Sleep Med Res 2019;10(1):54-57

Table 1. Data collection procedures

-check
. re-chee 4 weeks 28 weeks

Baseline » 24 weeks - . e . .

] exercise after baseline

after baseline

PSG PSG
PET PFT PET
RMS RMS 3 sessions / week RMS
CPET CPET CPET
Blood sample Blood Sample Blood sample

PET: pulmonary function test, PMS: respiratory muscle strength, PSG: polysomnography study, CPET: cardiopulmonary exercise testing.




Baseline After 24 weeks After 4 weeks exercise

Age (yrs) 41 41 41
BMI (kg/m?) Mo 327 327
BSA (m?) 3.0 28 2.8
AHI (events/h™) 83.7 - 72.6
Apnea (events/h™) 55.9 - 249
Hypopnea (events/h') 27.7 - 7.7
ESS (score) 4 - 4
Sleep duration (min™) 131 - 236.5
DI (%) 84 - 47
Average SpO: (%) 95 - 96
Lowest SpO: (%) 81 - 81
% of total sleep time at each sleep stage

Stage 1 (%) 8.6 - 7.6

Stage 2 (%) 365 - 493

Stage 3-4 (%) 39 - 5.7

REM (%) - - 6.9
Htc (%) 44.8 458 443
HbA1-c (%) 8.2 94 6.5
HDL-C (mg/dL) 42 43 50
LDL-C (mg/dL) 147 146 &4
y-GT (U/T) 99 69 34




Baseline After 24 weeks After 4 weeks exercise
FEV (L) 441 4.49 441
FVC (L) 5.15 5.11 5.12
PEF (L) 7.87 892 8.95
Plaax (cmH20) 126 125 130
PEma (cmH:0) 113 114 124
VO poi [mL/min/kg! (% pred)] 18.0 (68) 20.3(72) 24.2 (86)

VCY OL aoBeveic pe ZAAY Ba mpemel va evBappUvovTal VOL CULLUETEXOUV OE TIPOYPAUHOTO

A3 goknong Wote va

Wo .

il J KapﬁtayVELaKoq Kivéuvog ' '

- Mouv€nBel N KApSLOTIVEUOVLKI LKAVOTNTA

Ligl T mowdTnTa {wng

{8 e ( 1/min') 33 34 36
PerCO: peat (mm Hg) 39.01 403 37.28
PierO: pea (mm Hg) 110.5 113.3 113.5
Ve/MVV 31.44 30.29 53.98
V/VCO, 28.8 28.2 30.1
Vo (ML/min " fwatt) 11.4 14.4 10.7
HR pe (bpm!) 161 163 163
O,pulse . (mL-min"/bpm') 13.7 13.8 16.5
BP ;o (mm Hg) 200/100 200/100 190/90




Reference

Protocol

Results after exercise interven

Increase

Norman et al., 2000

Hambrecht et al., 2003

Barnes et al., 2009

Kline et al., 2011

Yang et al., 2018
Servantes et al., 2018

Yilmaz et al., 2019

Stavrou et al., 2019
Berger et al., 2019

6 months (3 sessions/week) aerobic PA >3 METs + resistance exercise training + dietary
consultation

4 weeks, 3 times daily for 10 min on row ergometer and 3 times daily for 10 minutes
on bicycle ergometer (warm-up 5 min, warm-down: 5 min). Workload exercise, so that
did not experience chest pain and any signs of ischemia in the ECG.

16 weeks aerobic exercise, resistance training, diet program, (follow-up at 12 months)

12 weeks (4 sessions/week), 150 min/week aerobic exercise on 60% of HRR and
resistance exercises (4 sessions/week), 2 sets, 10-12 rep)

12 weeks (3 sessions/week), 30 min aerobic exercise on AT

3/week for 3 months, 30-70 years, NYHA class Il to Ill, AHI >5/h with symptoms or AHI
>15/h, randomized four groups (A: control, B: exercise, C: CPAP, D: exercise + CPAP) B
+ C group: warm-up: 10-min, aerobic training: £10 bpm form HRar of CPET (treadmill
and cycloergometer; 1 month 30 min, 2 months 45-min) and strength training, (3
exercises for upper limbs and 4 exercises for lower limbs, 1-min rest period, free
weights) 50% to 60% of 1RM

12 weeks (5 sessions/week), 60-min Tai-Chi & Qigong (3 sessions/week in rehabilitation
center and 2 sessions/week self-selected)

4 weeks (3 sessions/week), 4 set for 5 min with 1 min rest on 70% of VOzmax

9 months 3 hours/week supervised community physical activity program (Nordic
walking, gymnastics, and aquagym), 40-80 years, 15-30 AHI/h, warm-up 10-min, 40-min
combined resistance and aerobic exercises at the anaerobic threshold, and
cooldown10-min stretches.

VO,max, Profile of mood
states scores

Vessel diameter, Mean peak
blood flow velocity,
Endothelium-dependent
vasodilatation in LIMA
VO2max, Strength, Quality of
life

Daily unsupervised activity,
Sleep quality (PSQl)

SpOz

VOZmax

Sp0,, Sleep quality (PSQI)

VOZmax
VOZmax

Stavrou et al., 2022



Respiratory muscle strength as an indicator of the severity of apnea hypopnea index: stepping
towards the distinction between sleep apnea and breath holding

Highlights

The maximal inspiratory pressure affected by the severity of apnea-hypopnea index

The intermittent breath holding during hypoxia-re-oxygenation, in patients with OSAS
increases the intrathoracical pressure with successive alteration, similar to the ones
produced during exercise.

The increased end-tidal carbon dioxide pressure influenced by severity of sleep apnea.

130 MW <30 events/h @230 events/h
120
110
100

90

80 . [
70 J
: |
o \

30

Percent of predicted

MIP MEP RMS

Stavrou et al., 2021



CPET response to exercise in

OSAS patients
b VO, Exercise + CPAP
treatment
I | |
Respiratory Cardiovascular Muscle
System System System
J Heart
J Central s Breath Rate J» Muscle
chemoreceptors frequency R metabolism
| ‘MBlood
A PCO, — Ventllatlon Pressure

ET
L || Mitochondrial
hE:(a ggerate == abnormalities
t yspnea
¢ egg;iﬁ: or - { Sympathetic e Endothelial
nerve activity dysfunction

VO

2max

T Sleep quality,  Daytime sleepiness,
J AHI

Ytapou Kot cuv., 2021 I



EVOELKTIKO al0KNOLOAGYLO yLa BEATiWON TWV PUOLKWV LKAVOTATWYV

ALQpKELO ATTOKATAOTAONC:
JUXVOTNTA CUVESPLWV:
Aldpkela cuvedpLwv:

MpoBeppavon kat amoBeparneia:

AgpoBLlo/avaepofLa aoknon:
Muikn¢ evbuvapwong:

Kiwntikotnta, eukapdia:

12 eBéopadeg

3 ¢popéc / eBdopada

45 — 60 Aemta

15% tng ouvedpiag kat oto 40% tnNG VOamax N 0TO 50% NG
HRmax

60% tn¢ ouvedpioag, StaAelppatiki aocknon oto 70-80% tng
VO3max N 010 80% tNG HRmax

15% tn¢g ouvedpiag, moAvapBpLkeéC aokNoELS, 3 O€T Ao 6-12
enavaAnPelg oto 60-70% tng 1 pEyLotng emavaindng

10% tng ouvedpiag

Jtavpou Kat cuv., 2020



Jd- Fatigue
m J Daily sleepiness

T Cardiovascular
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. adjustments
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P Central function
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strain dysfunction
- Body fat "
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™ Muscle functional
metabolism
J{- Breathing
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é J- Oxidative J- Hypoxia
® metabolism 1 Sleep duration
J- Oxidative
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1 Antioxidant
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Memory Foam Pillow as an Intervention in Obstructive Sleep Apnea Syndrome: A

Preliminary Randomized Study

Total (n = 32) Group A (n = 20) Group B (n = 12) P value

between

LP OoP P value LP MFP P value groups
AHI, events/h 349+ 226 3904277 422+325 0279 280+59 266+ 9.0 0.301 0.173
Non-REM, % 34.8+24.3 402+291 41541338 0514 260184 270+ 106 0.340 0.498
REM, % 40.8 +£22.5 383+246 443+268 0247 449+189 35.1+154 0.032 0.946

Body position distribution desaturation at

Left, % 31.1+34.2 280+ 114 16.7+86 0.001 689+274 462+293 0013 <0.001
Right, % 519+ 43.8 472+ 543 14351 0.001 598+ 143 595+£213 0875 0.934
Up, % 513+ 684 67.14+83.2 83.4+88.1 0.274 250455 6.5+ 3.1 0.005 0.145
Averages values in HR during awakening, bpm 77.1+£10.2 752+120 785+229 0247 804+40 846 £5.2 0.003 0.799
Averages values in HR non-REM stage, bpm 66.6 + 9.3 68.0+83 694+7.7 0305 6843+108 722447 0.003 0.051
Averages values in HR REM stage, bpm 72.1+£10.2 698+ 11.7 721+163  0.191 758 +£6.0 80.3 + 9.1 0.003 0.459
Desaturation index during sleep 34.8 +25.0 403+299 43743583 0296 256+89 233+ 86 0.017 0.140
Desaturation duration, min 144 +£99 160+ 125 163+129  0.747 11.8+£35 109+ 3.8 0.054 0.253
Averages values in Sa0O; per respiratory event, % 90.0 + 3.8 806+47 887+49 0038 <S08+1.2 90.7 + 1.1 0.011 0.143
Minimum Sa0, per respiratory event, % 83.0+7.2 832+87 816+88 0.192 82737 848+29 0.006 0.159
Awakening index, n/h 37.5+246 415+30.1 5394298 <0001 310+79 30.0+ 100 0.301 0.031
Snoring duration, min 36.8+21.2 33.6+262 3024172 0911 422 +50 375+ 3.7 0.002 0.356
Snoring events 100.3+488 968+60.6 9451556  0.852 106.0+ 17.8 558+ 23.7 | 0.002 0.058

Data are expressed as mean = standard deviation or percentages changes. AHl, apnea-hypopnea index; HR, heart rate; Left: Desaturation during sleep in left body position; LF,
laboratory pillow; MFF, memory foam pillow; OF, own-pillow; REM, rapid eye movement during sleep; Right: Desaturation during sleep in right body position; Up: Desaturation during
sleep in supine body position.

Stavrou et al., 2022
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Sleep Quality

PSQl score

Injury Group no-Injury Group

Table 2. Oxygen uptake and heart rate results between groups at rest. Continuous variables are

presented as mean + standard deviation.

Iniuryﬁmup Nn-[niurygmup

(n = 22) (n = 20) % Differences p Value

O, uptake mL/min/kg 75+14 55+ 1.2 26.3 <(.001

4 uptake predicted mbL/min/kg 8.1+02 8.0 +0.2 0.2 0772
O, uptake Yo of predicted 925+17.2 68.3 + 14.6 26.2 <0.001
Heart rate bpm 1006 £12.8 93.1+46 10.6 0.001
Heart rate Yo of predicted 50.7 + 6.4 47.6 + 2.8 9.3 0,003

Stavrou et al. 2020



Table III

Effect of sleep loss on the cardiorespiratory variables measured at rest

Runners Volleyball players
Control (n=10) Sleepless(n=10) Control (n=10) Sleepless (n=10)
HR (beats/min) 69.6£2.79 69.7+£2.37 82.4+£2.14 83.1£1.85
VO, (mL/kg/min) 3.13£0.2 3.7+£0.3% 3.07+£0.23 3.84+£0.29
VCO; (L/min) 0.2£0.01 0.23£0.02% 0.21+£0.02 0.26+£0.02%
R 0.88+0.02 0.88+£0.02 0.94+0.04 0.94+£0.04
VE (L/min) 10.2+£0.47 11£1.13 10.3£0.65 10.95£0.07
Sa0, 94.3+£0.65 95.1+£0.59 94.7+1.2 03.5+0.81

* p<0.05 significantly different from the respective control.

Table IV

Effect of sleep loss on time to exhaustion and exercise cardiorespiratory parameters

Runners Volleyball players

Control (n=10) Sleepless (n=10) Control (n=10) Sleepless (n=10)
Time to exhaustion (s) 778427 740+26.75 701+10.62 667+16.44%*
HR (beats/min) 175.7+3.81 171.9+4.31 184.1+2.24 180.7+2.87
VO, (mL/min/kg) 42.7+3.38 42.13+2.48 41.51+1.43 40.79+0.97
VCO; (mL/min/kg) 3.82+0.19 3.26+0.24 3.86+0.12 3.73+£0.08
R 1.29+0.05 1.21+0.03 1.28+0.02 1.25+0.02
Sa0, % 91.7%£1.16 91.6£1.03 92.240.77 91.4%£1.33
VE (L/min) 159.54+5.69 142.03+4.78* 125.63+4.77 115.49+2.39%

*p<0.05 and **p<0.01 significantly different from the respective control.

Azboy and Kaygisiz,

2009



normal sleep vs one night SD

Heart Rate (bpm)
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Table 1 Cardio-respiratory, thermoregulatory and perceptual responses to a 30 min steady state pre-load exercise at 60% VOa .y after normal
sleep (CON) and after 30 h of sleep deprivation (SDEP)

Time (min) 5 10 15 20 25 30
Heart rate (beats min_l}"‘ CON 124 (13) 130 (16) 135 (15) 139 (18) 139 (17) 143 (15)
SDEP 122 (12) 129 (13) 135 (14) 136 (16) 139 (19) 143 (15)
VE(L min~ "' CON 60.6 (7.8) 63.6 (6.2) 64.7 (5.0) 66.1 (7.1) 66.1 (7.9) 66.3 (6.9)
SDEP 58.7 (7.7) 61.5 (5.4) 64.7 (8.3) 64.1 (8.4) 64.4 (8.5) 65.4 (7.7)
VO,(L min~™") CON 2.5(0.2) 2.5 (0.1 2.4 (0.2) 2.5 (0.1) 2.5 (0.1 2.5(0.2)
SDEP 24 (0.2) 2.4 (0.2) 2.5 (0.23) 2.5 (0.3) 2.5(0.2) 2.6 (0.3)§
VCO(L min~H)' CON 2.2 (0.2) 2.3 (0.2) 2.3 (0.2) 2.3 (0.2) 23 (0.2) 23 (0.2)
SDEP 2.2(0.2) 2.3 (0.2) 2.4 (0.3) 2.3 (0.3) 2.3 (0.3) 2.4 (0.3)
RER" CON 0.90 (0.04) 0.93 (0.03) 0.94 (0.04) 0.93 (0.04) 0.92 (0.04) 0.93 (0.03)
SDEP 0.90 (0.06) 0.94 (0.06) 0.94 (0.05) 0.93 (0.05) 0.92 (0.03) 0.93 (0.03)
T (°O)™ CON 37.4 (0.3) 37.5(0.2) 37.7 (0.2) 379 (0.2) 38.1 (0.2) 38.2 (0.3)
SDEP 37.2 (0.3) 37.4 (0.3) 37.6 (0.0) 37.7 (0.3) 37.9 (0.3) 38.0 (0.3)
Ty (°O)F CON 29.0 (1.0) 29.5 (0.9) 30.1 (0.8) 30.5 (1.0) 30.7 (1.2) 30.9 (1.3)
SDEP 29.7 (0.4) 30.1 (0.5) 30.6 (0.7) 31.0 (0.8) 31.3 (0.9) 31.5 (0.9)
RPE" CON 8.3 (1.6) 9.5 (1.7) 10.2 (1.8) 109 (1.7) 11.3 (1.7) 11.3 (1.8)
SDEP 8.5 (1.8) 9.1 (1.5) 10.2 (1.5) 10.8 (1.4) 11.5(1.8) 11.5 (1.6)

Values are mean = (SD), n = 11 for heart rate, 1‘_&1ling of perceived exel‘li(_)n (RPE), core temperature (T.), n = 10 for mean skin temperature
(T4, minute ventilation (VE), O, production (VO,), CO, production (VCO,), and respiratory exchange ratio (RER) Main effect of time

T P < 0.05. Main effect of condition ¥ P < 0.05. Significant interaction versus 5 min on SDEP only S P <005

Oliver et al. 2009






ATATMHMATIKO METAIITYXIAKO TIPOTPAMMA ZIIOYAQN (/5" 3
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Ergospirometry Lab

AVOTIVEUOTIKEC TPOOCAPHOYEC TNC AGKNONC OE
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2ac euyaplotw yia tnv npoocoxn oac !
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