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Kapdlotrveupovikr dokiyaoia doknong (CPET)

Wasserman et al., 2005

“H CPET artroteAei Tnv dokipyaoia aoknong 1rou divel Tnv duvaTtoTnTa
TNG TAUTOXPOVNG EKTINNONG TNG KUTTAPIKNG, AVATTVEUOTIKNG,
Kapoiayyeiakng, aidoTroInNTiIKNG, VEUPOWUXIATPIKNG KAl
MUOOKEAETIKNC ATTAVTNONG O0€ KaBopiouévo Babud doknong, dnAadn
o€ KaBoplouévo BaBuod petafoAikou stress.”

ERS Task Force 2007

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



duaoioloyia TNC doknNong

External Respiration
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@ <l Muscle |

- Myocardial
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* Occlusion
Hypertension
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1° Pulmonary
hypertension

Wasserman K, et al. 2005
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CPET: Karaypa®n TTapauETpWY

KvAwopevog Tasmtag 1) Kukhoepyopetpo
1. 'Epyo aoknonc oe Watt

Avamvevoniko Monitoring
1 Avalvm|c agplov

«  EKTVEONEVO K e10mveopievo 02 kan CO2.

O&0ueTpo
- Sp0O2

ApmpuaxT) ypayyu)
. Sa02, Pa02, PaCO2, pH, HCO3", P(A—a)02,Hb, yahakTiko.
4. Kipaxa Borg
«  Svonmvola

ZmpOUETPO

» Vg, Vi, fr, xapmdAn porjg-6ykov, E10TVEVOTIKT] wprukéTTa,
dvvapkn vrephataor.

pa

@

L_II

Kapbayysiako Monitoring
. ORI
2. Apmpwak) meon
3. Kapbuaxn) cuyvomta
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[MpwTtOKOAa CPET

Test Category Equipment

-cycle ergometer

2001 ! :
Incremental CPET : | -treadmill
1 |
(ICPET) i |
o ] 20 W-min-" :
© remi
= 100] ]
§ l".:fl""‘ |
1 £ |
50- .:-.-_.-E::-l-"’ 10 W-milT1 i
_ |
0:. . .: .‘- IIIIIIII I__’
3-21012345678910. Hecover

Time min End of exer0|se

-cycle ergometer
Moderate (60%) or high intensity -treadmill
Endurance CPET (75-80%)
(ECPET)




MeTpoupeveg kal uTToAoyI(OMEVEC TTapapEeTpol o CPET

DEVICE/ANALYZER PRIMARY DERIVED
Flow — . VT, VE VE/Vco,
\\\\\\\\\ l///,VMUVo,
GO, \[ PETCO,, Vco, R, AT
0, — PEeTO,, Vo, PoRk: Vo,
Oa pulse
L AVo,/AWR
Ergometer Work Rate \‘ . W fici
Cuff Blood Pressure Double product
ECG \{ Heart rate
PQRST complexes Pattern changes
Oximeter Spo, Approximate Sao,
Arterial line Pao, P(a—eTt)co,, Vo/VT
or sample Paco,
Hb, COHb
pH, lactate

Sao,



MetafAntec CPET kat pucloAoyLkec Asttoupyieg |

VO2 Napaywyo kapdlaknig mapoxnc (CO X C(a-v)02)

Peak VO2 Méylotn VO2 katd Tn HEYLOTN TtpooTABeLn

AT H upnAdtepn VO2 mtou pmnopet va eriteuxOel xwplc yaAaKTIKA
ofEwon

AVO2/AWR AelktnC oUTEUVENGC EOWTEPLKNG HE EEWTEPLKN AVATIVON)

VO2/HR (02 pulse) MNapaywyo oykou maApov (SV X C(a-v)02)

Heart Rate Reserve (HRR) Aiadopd petall petpoupevou Kot mpoBAenopevou KapSLokou
puBpov otnv peak VO2 (edebpeia kapdlakou pubuou)

VE = VA+VD YUVOALKOG aeplopoc (VE= Vt X RR)
EmtumA€ov S1aBE0LU0C AEPLOUOG OTO TEAOC TNC AOKNONG

VR= MVV-Peak VE (edpedpeia aeplopov)

VE/VCO2 Aeiktng Ventilatory efficiency (Aitpa tou aeplopou mou
armotouvtal ywo anopakpuvon 1lit CO2)

PETCO2 Aeiktng Ventilatory efficiency (ouxétion pe Vt, RR, Vd/Vt, VCO2,

PACO2 kat PaCO2)

PETO2 AkoAouBel tic TLpEC Tou Pa02 (6€ oupmintel amoAuta)



MetaBAntéc CPET kai puaololoyikec Asitoupyieg

Variables Reflecting Variables Reflecting
Cardiovascular Variables Refiecting Pulmonary Gas Exchange
Function Ventilatory Function Efficiency
Peak VO2
VE VE/NCO?2
AT
Vit PETCO2
AVO2/AWR
RR PETO2
VO2/HR
Ventilatory Sp0O2
ECG Reserve
Pa0O2
HRR IC, ERV
PAO2-Pa02
Blood Pre and Post
Pressure spirometry

Arena and Sietsema. Circulation, 2011



MetaBANTEC CPET: (pUOIOAOYIKEC TIMEC

Variables Criteria of Normality

Vomax or Vo;peak > 84% predicted

Anaerobic threshold > 40% Vo,max predicted; wide range of normal (40-80%)

Heart rate (HR) HRmax > 90% age predicted

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

Blood pressure < 220/90

0; pulse (Voy/HR) > §0%

Ventilatory reserve (VR) MW = Vemax: > 11 L or Vemax/MWV X 100; < 85%.
Wide normal range: 72 + 15%

Respiratory frequency (fs) < 60 breaths/min

ViNco, (at AT) <3

VoVi < 0.28; < 0.30 for age > 40 years

Pag, > 80 mm Hg

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

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



Wasserman 9-panel plot
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CPET kai duvauikn utrepdlataon

— Actual IC

Volume (L)

1C 1C 1C 1C 1C

| l ! 4 *tl'TLC 5

5 :":VT inﬂectiori't_

- IC

EELV

Operating lung volume (L)

20 40 60 80
Work rate (W)

(b)
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EpyooTripoueTpia: EvOEicelc

Evaluation of exercise tolerance

« Determination of functional impairment or capacity (peak Vo;)

« Determination of exercise-limiting factors and pathophysiologic mechanisms
Evaluation of undlagnosed exercise intolerance
» Assessing contribution of cardiac and pulmonary etiology in coexisting disease
* Symptoms disproportlonate to restlng pulmonaly and cardiac tests

Evaluation of patlents with cardlovascular dlsease
* Functional evaluation and prognosis in patients with heart failure
= Selection for cardiac transplantation

= Exercise prescription and monitoring response to exercise training for cardiac rehabilitation
A

Evaluation of patients with respiratory disease
= Functional impairment assessment (see specific clinical applications)
e Chronic obstructive pulmonary disease
Establishing exercise limitation(s) and assessing other potential contributing factors, especially
occult heart disease (ischemia)
Determination of magnitude of hypoxemia and for O; prescription
When objective determination of therapeutic intervention is necessary and not adequately addressed
by standard pulmonary function testing
= Interstitial lung diseases
Detection of early (occult) gas exchange abnormalities
Overall assessment/monitoring of pulmonary gas exchange
Determination of magnitude of hypoxemia and for O; prescription
Determination of potential exercise-limiting factors
Documentation of therapeutic response to potentially toxic therapy
» Pulmonary vascular disease (careful risk—benefit analysis required)
» Cystic fibrosis

fawt

Specific clinical applications
* Preoperative evaluation
Lung resectional surgery

Elderly patients undergoing major abdominal surgery

Lung volume resectional surgery for emphysema (currently investigational)
» Exercise evaluation and prescription for pulmonary rehabilitation
* Evaluation for impairment—disability
e Evaluation for lung, heart—lung transplantation ATS/ACCP statement 2003
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Epapuoyn CPET otnv ka®’ nuépa trpagn

1) Aidyvwon 1nG dUoTTVvolag f/Kal TNG MEIWMEVNGS IKAvVOTNTAGS YIA
KOTTWON KAl TWV UTTEUBUVWY MNXAVICHWY TNG

-OUMBOAR cuvvoonpoTNTAG
-QUOTIVOIA TTOU OEV ECNYEITAI ETTAPKWG UE ECETAOEIC NPEMIAG
-OUCTIVOIO QYyVWOTOU AITIOAOYIAG

2) AsITOUupYIKN KAl TTPOYVWOTIKNA EKTIUNON TOU acBevn UE
yvwaoTn dlarapaxn

3) ExTiunon tTnNg €€€AIENG TNC VOOOU KAl TNG aAvVTATTOKPIoNG OTN
BeparTreia

Ferrazza et al. Respiration 2009



Adpn 01a@popIKA d1ayvwaon OUCTIVOIOC OTNV KOTTWON

T—( Peak VO, )—
m;rmal

> 85% predicted )
Mild
[Anxlety] gisease] —

Low
< 85% predicted

Anaerobic

Threshold
| ]
Normal Low
> 40% predicted PKVO < 40% predicted PkVO
Breathing Breathing
===\ _Reserve Reserve '
I
Normal ) Low Normal Low
>30% | < 30% > 30% < 30%

[
Poor Deconditioning Coronary Ventllatory Circulatory Mlxed
Effort Disease  Impairment Impairment Lesions

(Look at RER) (mild)

Milani, R.V. et al. Circulation 2004:110:e27-e31



[leplioTaTiko 1°

200 30
Predicted Peak VO, : [ . . _
e 2 T vora] | AOBEVAS 55 ETiv e
» - A { - XAl Zradiou | (FEV1=83%),
VCO, m 7 \ S & 20 |- 2ZATUTTOU 2 UTTO IOKIQ,
~ o 1 . I 4 z
VO, 0 W Eed ;J | |- AYutmé aywyn Kai
g . : - Tmraxuoapkia (BMI=31,1 kg/m2),
Y | o 10 | TTpOOEPXETAI JE dUOTIVOIA
Bl . | | mpooTréBeiag (MRC=2)
Tm. min : Time. min _
S c‘o aanranar-aner
___j____‘f_____‘_s 4 200, ! VO2 peak= 78% (])
NVV | Yeea: | HR peak= 94/min ()
L LA RER=1.2
| VEO o ’ | AT=41% ;
80 . P ; =41% (oplaKa K.Q.)
‘ ¢ ' e P HR vs VO2 slope: oAU «pnxij»
o 'I. 1 4 | :.1 l
" / K / J i ApPVNTIKN XPOVGTPOTTN
. VCO,, limin ] VO, Imin : avTatrokpion (I0XaIWIKr) vOOOC
" ] g TR ARET ML TR TOU PuoKkapdiou)

Arena et al Circulation, 2011
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PeTCO, (mmHg)
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S ¥ Mixed-Expired and End-Tidal CO,
Distinguish Between Ventilation and

B i ~ . Perfusion Defects During Exercise
NvEL > = **  Testing in Patients With Lung and Heart
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PECO, (mmHg)
O B

James E. Hansen. MD, FCCP: Gaye Ulubay, MD; Bing Fai Chow, MD);
Xing-Guo Sun. MD; and Karlman Wasserman. PhD, MD, FCCP
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Exercise Ventilation in COPD: Influence of Systolic Heart Failure _

Flavio F. Arbex?, Maria Clara Alencar?, Aline Souza?, Adriana Mazzuco?, Priscila A. Sperandio?, Alcides Rocha?,
Daniel M. Hirai*®, Frederico Mancuso¢, Danilo C. Berton®, Audrey Borghi-Silva?, Dirceu R. Almeida©,
Denis E. O’'Donnell®, and J. Alberto Neder®®

Multivariate analysis

Model | 3] 1021
VEVCO, Intercept < 35 Liminute 760 (261-1265) 0,0002
VENCO, slope = 4 218(07-630 04
Peak SpO0, < 89% - 04)

Model2 26 1035
VENCO, pesk > 3 5.35(196-1459) 0.0010
Peak PETCO, < 31 mimkg SR4-B15) 00142
Peak Sp0, < 89% - 050

57 moderate to very severe COPD pts
and 41 “overlap” HF-COPD patients

AUC (952 C1)
——VE-VCO,; interceptt 0.788 (0.693-0.865)*

Lo 1 R a— VE-VCO, slopet 0.782 (0.686-0.860)*
4 — — Peak VE/VCO, 0.763 (0.666-0.814)*
s = . Peak PETCO, 0.717 (0.616-0.804)*
o X s ) B . ) . COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE
o 20 a0 eo 80 100 2016, VOL. 0, NO. 0, 1-8

http//dx.doi. 10.1080/15412555.2016.1174985
100-Specificity iy colne



in Systemic Sc

Phenotyping Exercise Limitation

lerosis: The Use of

Cardiopulmonary Exercise Testing

Afroditi K. Boutou?® Georgia G. Pitsiou® Panagiota Siakka®

Theodoros Dimitroulas< 9

Asimina Paspala® Evdokia Sourla®

Nikolaos Chavouzis? Alexandros Garyfallos® Paraskevi Argyropoulou?

loannis Stanopoulos?®

78 SSc patients
with exertional
dyspnea

Peak VO3

}

Normal (= 80% predicted) or
low (<80% predicted)

3
\AT

VE/VCO,@AT \
Normal (275% predicted) Normal (<34)

+

Rest SPO2 >95% and
ASPO> 4%

Breathing reserve
<11 liters

+
Peak VO3

N group l
AT

low (<80% predicted)

low (<75% predicted)

+

T3

Rest SPO2 >95% and ASPO; <4%

VE/VCOz2@AT

i~

Normal (<34)

High (= 34)

g

RL group

VE/NCO;@AT

Normal (<34) or
high (=34)

+

APETCO;
Decreasing

APETCO>
Neutral or increasing

I PV group |

v

II LvD groupl

Respiration 2016




[TeplOTATIKO 20

AvTpag, un KatvioTAS e Nmag BapuTtnTtag UIP kal dUoTrvola oTnv KOTTWaon

2016
2TTipouéTpNoN
FEV1=71,2%
FVC=76,3%
DLCO=63,1%

CPET

VO2=87%
AT=60%
RReserve >11 lit
VE/NVCO2@AT: 39

Echo kapdiac¢
SPAP=37 mmHg

2017
2TTIPpOUETPNON
FEV1=71,9%
FVC=73,2%
DLCO=55,2%

CPET

VO2=79%
AT=55%
RReserve > 11 lit
VE/NCO2@AT=47

Echo kapdiac
SPAP=45 mmHg

2018
2TTIPOUETPNON
FEV1=70,8
FVC=72,8%
DLCO=49,5%

CPET

VO2=73%
AT=51%
RReserve =10.8 lit
VE/NCO2@AT=54

Echo kapdiag
SPAP=53mmHg
RHC

MPAP=48 mmHg




PETCOZ2 and VE/VCQOZ2 for the diagnosis of pulmonary
vasculopathy among patients with DUO

Likelihood of pulmonary vasculopathy accounting for

| exertional dyspnea of unknown cause
0= *x  Normal
l ® PPH
50 -
o
unlik
: "
e
suspect
R -
& likely
o 20
= ) g lik
.-g % very likely
o4 5| F| =
20 s 60 80 100 120

Yasunobu et al. CHEST 2005



Cardiopulmonary exercise testing improves diagnostic

specificity in patients with echocardiography-suspected

pulmonary hypertension

OR(95% Q1) P Value f-Coefficient OR (95% C1) P Value
Age 0.98 (0.95-1.00) 0.08 -0.09 0.92 (0.85-0.98) 0.012
Sex 2.15(0.71-6.5) 017
BMI 0.78 (0.66-0.93) 0.006 -0.75 0.47 (0.26-0.85) 0.012
CPET parameters
VO, peak, mL/min/kg 0.86 (0.77-0.95) 0.005
AT, mL/min/kg 0.75 (0.61-0.93) 0.008 -0.35 0.71 (0.52-0.96) 0.03
PerCO2 mm Hg 0.72 (0.62-0.83) <0.001
Lowest VE/VCO, 1.37 (1.17-1.61) <0.001
VE/VCO, slope 1.37 (1.17-1.59) <0.001 056 1.76 (1.24-2.48) 0.001

08

Sensitivity
o
(]
1

0.4

109 [

AUC value:0.98, P<0.001

02
‘0.0

02

T T
04 06

1 - Specificity

0s8

1.0

88 pts with potential PH based on Echo:
27 PH (PAH or CTEPH), 61 non-PH

Zhao et al. Clin Cardiol 2016



I Cardiopulmonary Exercise Test Characteristics in _
Patients with Chronic Obstructive Pulmonary
Disease and Associated Pulmonary Hypertension

Sebastiaan Holverda Harm J. Bogaard H. Groepenhoff Pieter E. Postmus
Anco Boonstra Anton Vonk-Noordegraaf

BO - *1

70 :

60 . . 25 COPD patients with deteriorating
= . - symptoms (10 with PH and 15 without
g o - at PH after RHC)

& 304 u

(peak VO2, VO2/HR, AVO2/AWR similar)

0 I T
C COPD-nonPH COPD-PH
100 - 100 -

{ . b - e
% # o
B0 80
Respiration 2008;76:160-167

70 T T 70 T T DOI: 10.1159/000110207

a rest exercise b rest exercise




Exercise capacity in idiopathic pulmonary fibrosis: The effect of _
pulmonary hypertension

AFrRODITI K. BOUTOU,! GeoraGIA G. PITSIOU,' loannis TRIGONIS,' DEsPINA PAPAKOSTA,?2
PAscHALINA K. KONTOU,' NikoLaAos CHAVOUZIS,' CHRYSANTHI NAKOU,’
PARASKEVI ARGYROPOULOU,' KARLMAN WASSERMAN?® AND loanNIS STANOPOULOS'

IPF patients
sPAP = 35 mm Hg sPAP 36-50 mm Hg sPAP > 50 mm Hg
n=35 n=30 n=16
WR max 70.2 = 19.4% 59.3 = 15.6* 455 = 14.3%
WR max, % predicted 61.6 = 21.2% 56.5 = 10.4* 42.8 = 10.2*
VO, peak, % predicted 60.3 = 18.2 61 = 143 484 =126
[ VO; peak, mokg/mimn____ | 12.9 = 3.8% 13.2 = 3.9*% 10.5 = 2%
AT, % 53.4 = 19.2%* 51.1 £ 13.2 37.9 = 148*%*
AT, mL/kg/min 11.8 £ 2.3* 10.6 = 3.1* 78 £2.1*%
VO, /HR peak, % predicted 65.2 =~ 21.3 73.1 = 148 53.9 = 136
VO, /HR peak, mL/beat 86 = 1.8* 82 = 2.3* 6.1 = 1.6¥
PETCO,@AT 326 =42 324 =33 26.1 = 4.6
30.2 = 3.1 31.7 =39 26 = 4.2
VENCO,@AT 43.3 = 9.9%* 48.1 =83 57.1 £ 9.3**
VENCO,@VO0; peak 46.3 = 6.2*% 492 = 9.1 60.1 = 14.7%*
AVO,AWR 8.9 = 2.9%+ 76 =27 5.9 = 1.9%*
Ve max, L 59 = 13.2 549 =~ 16.8 50.1 =119
Vit max, L 1.3=05 1.2 =06 1.1 = 0.7
Ve peak/MVV, % 87.5+298 82.2 ~ 24.1 839 =379
BR, L 221209 19 = 14.2 17.9 = 19.2
VI/IC 097 =04 0.85 = 0.8 083 =05
RR peak 452 = 108 48.1 - 9.4 504 =14
HR peak, % predicted 863+ 119 87.1 =113 852 + 124
Sa0,; at rest, % 95.2 = 2.8%* 935 22 91 £ 3.4**
Sa0,; peak, % 87.2 = 4.9%* 829 =33 808 = 1.3**

Respirology 2011



2. NUAVTIKEC TTAPAUETPOI YIa TNV BapuTnTa Kai TNV TTPOYVWoN
¢ [NAY

Table 13 Risk assessment in pulmonary arterial hypertension

High risk >10%

Clinical signs of right heart failure Absent Present
Progression of symptoms No Rapid

Syncope No Repeated syncope®
WHO functional class LIl |
MWD >440 m <165m

Peak VO, >15 mU/min/kg Peak VO, Peak VO; <1 | ml/min/kg
Cardiopulmonary exercise testing (>65% pred) | 1=15 m/min/kg (35-65% pred.) (<35% pred.)
VEVCO,; slope <36 VENCO, slope 36449 VENCO, slope 245

BNP <50 ng/ BNP 50-300 g/ BNP >300 g/l

DT e e NT-proBNP <300 ng/ NT-proBNP 300-1400 ngfl NT:proBNP >1400 ngf
RA area 18-26 cm?
) ) o RA area <I8 cm? o e RA area >26 an?
Imaging (echocardiography, CMR imaging) No sericardial effcion No or mm :mcardnl Pericardial effsion
RAP <8 mmHg RAP 8-14 mmHg RAP >4 mmHg
Haemodynamics C1 225 Vmin/m’ C12.0-24 Umin/m’ Cl <2.0 Umin/m’

Sv0; >65% SvO, 60-65% SvO; <60%

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



[TapakoAouBnon aoBevwv pe MNAY

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

At baseline Every 3-6 Every 6-12 3-6 months after In case of clinical
months* months* changes in therapy® worsening
m:::ﬁ:ﬁimam ! ! ! * !
ECG + + + + +
6MWT/Borg dyspnoea score + + + + +
| CPET + + + I
Echo + + + +
Basic lab® + + + + +
Extended labs + + +
Blood gas analysis® + + + +
Right heart catheterization + + + +

ESC/ERS guidelines for the diagnosis and treatment of PH, Eur Heart J 2015
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[leploTaTiKO 3
AobBevnc 51 eTwv pe BpouBoeuoAikn MY

MNMpo Bepartreiag
2TTIPOUETPNON
FEV1: 109,8%

1 éTOoG apyodTEPQ
2TTIPOUETPNON
FEV1: 107,6%

FVC: 112,6 % EvdaptnpekTo FVC: 110,9 %

DLCO: 47,6% un Kai DLCO: 69%
eAEYXOHEVN

CPET aoknon CPET

Peak VO2=49% Peak VO2=71%

AT=36% AT=43%

VE/NCO2@AT=57

Echo
sPAP=81 mmHg

VE/NCO2@AT=39

Echo
sPAP=36 mmHg

RHC
MPAP=27 mmHg




Bosentan treatment in patients with primary pulmonary hypertension
receiving nonparenteral prostanoids

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

Baselme 3 months  p-value
Work rate W 43120 63117 <0.0001
fema beatsmin” 133416 139£16 0.0
V0 max mL-min” kg™ 10223 138436 <0.0001
AT mL-min” k' 102422 117429 0007
Peak oxygen pulse mL-beat™ 57415 68420 0.0004
V'Emax Lomin” 4585145 ST6EIS0  <0.0001
VEV'CO, at AT* 231149 4494103 0.004
Peak SBP mmHg' 120417 139221 <0.0001

20 patients with PPH under
inhaled iloprost or oral beraprost
alone (baseline) and 3 months
after bosentan add-on.

V'0,max mL-min-!-kg'!

25+

20-
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10+

QAo @@ CO O
—

\\,

Basbline 3 mc'mths
Treatment

Eur Respir J 2003
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COPD treatment: the role of CWR CPET

Table 1, Effects of different types of interventions on CWR tests in COPD

Type of intervention Tiotro- ~ Oxypen(Fi0;=05) Heliox Oxygen and reha-
pium (28] [29] (30 bilitation [32}

Exercise intensity, % max. predicted 75 75 0 7

FEV,, % predicted ] ) B 0%

Change in endurance time, % +l +H45 H5 2

Change in inspiratory capacity (at isotime), % +12 4 H -

Change in dyspnea (atisotime), % -4 40 -5

Ferazza et al Respiration; 2009
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COPD treatment: the role of ICPET

TABLE 2. EFFECT OF TRAINING ON THE PEAK RESPONSES IN INCREMENTAL EXERCISE TESTS IN
WHICH AIR WAS RESPIRED

Oxygen-training Croup Air-training Group
Before Training After Training Before Training After Training

Work rate, W 54 (25) 67 (24) 54 (27) 64 (29)*
SBP, torr 197 (23) 188 (26)* 187 (25) 187 (31)
DBP, torr 94 (10) 92 (8) 92 (14) 87(12)
Heart rate, beats/min 125(22) 128 (22) 125 (16) 130 (19)
Vo, L/min 0.89(0.22) 0.93(0.27) 0.91 (0.36) 0.97 (0.32)
Vcay, Umin 0.90 (0.28) 0.95 (0.30) 0.90 (0.39) 0.98 (0.32)
VE, L/min 34 (8) 39 (10)* 36 (11) 39 (1)
Vi, L 1.06 (0.21) 1.21(0.32) 1.11 (0.30) 1.18 (0.36)
f, breaths/min 309 (4.1) 326 (5.0) 322(7.3) 33.8(10.0)
Breathlessness 6.3 (2.5) 6.7 (2.1) 58(1.8) 59(1.5)
Leg fatique 54 (24) 46(2.7) 53(22) 4.0 (2.4)
Lactate, mmol/L 4.2(28) 48(23) 3.8(1.8) 4.6 (2.2)
Sa0y, % 94 (3) 93 (4) 93 (4) 93(3)

Emtner et al
AJRCCM:; 2003
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Exercise Limitation in IPF Patients: A Randomized Trial
of Pulmonary Rehabilitation

Robert M. Jackson - Orlando W. Gomez-Marin - Carol F. Ramos -
Constanza M. Sol - Meryl L. Cohen - Ignacio A. Gaunaurd - Lawrence P. Cahalin -
Diana D. Cardenas
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" Linear trend P<0.05 ;
3 Gantral Rehabiiation
O S 58 78 S 1011215141516 17 18 192021 222924 11 pts vs. 10 controls, 3
R months PR

Lung (2014) 192:367-376
DOT 10.1007/s00408-014-9566-9
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Luis Puente-Maestu"**, Paolo Palange’, Richard Casabur?,

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

Denis E. 0'Donnell'", Paolo Onorati“"?, Janos Porszasz®, Roberto Rabinovich™,
Harry B. Rossiter™', Sally Singh'™, Thierry Troosters'®'” and Susan Ward®

Eur Respir J, 2016



TABLE 3 Responsiveness of the tests to rehabilitation

Variable COPD PAH ILD
IET V' 0zpeak Mean 1 of 11% Mean 1 of 1- Mean 1 of
1.5mL-min~"kg™ 1.2 mL-min~"kg™’
WRpeak Mean 1 of 6.8 W No
VE-V'co, Indices
CWRET tLim Yes; several studies; Limited evidence Limited evidence
usually large effects suggests that it is suggests thatit is
Most studies responsive responsive
show 1 > MCID (105 s)
Limited comparative
gvidence suggests that it is
more responsive
than other tests
Isotime IC Yes Limited comparative
evidence suggests that
itis more responsive
than other tests
Isotime Yes

dyspnoea




TABLE 4 Responsiveness of the different tests to bronchodilators for chronic obstructive pulmonary disease (COPD),
vasodilators for pulmonary arterial hypertension [PAH) or pifenidone for idiopathic pulmonary fibrosis (IPF)

Variable COPD PAH IPF
|ET V' 0:peak Modest and inconsistent 1 few studies 152 mL-min"-kg" or
19-14%
VEVo, indices Anecdotal evidence 1 3= units/10-30%
CWRET il 16/26 (54%) and 3/11 (27%) of reviewed

lsatime IC and dyspnoea

studies on long- and short-acting bronchodilators,
respectively, showed 1 >MCID (105 ¢
Limited comparative evidence suggest that it is
more responsive than other tests
Most studies show 1 >0.2L and are associated
with improvements in dyspnoea

intensity of 21 unit on a Borg scale
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[lepioTaTIKO 40

Avdpag 62 eTwyv, KaTvioTN G (65 packlyears), pe xeipoupyroiuo NSCLC
UTTORBAAAETOI O€ TTPOEYXEIPNTIKO EAEYXO

2TTIPOMETPNON
- FEV1. 63%

- FEV1/FVC: 67

- TLC: 81%

- DLCO: 46%

- KCO: 61%

- ABGs: pO2=71 mmHg, pC0O2=48
mmHg, pH=7,41

- HEl': RBBB

- Echo kapdiag: EF=55-60%, sPAP=25
mmHg




'ERS/ESTS clinical guidelines on fitness for EEiiiiis

radical therapy in lung cancer patients e resics 200 36 1741

Cardiac assessment:

low risk or ‘ FEV1 Both
treated patient /o) > .80%
(fig- 1) |
Either oIe <80%
IExercise testing
<35% or <75% or
T X R R PR Peak Vo,* 20 mi -kg-*-mirr?
|
35-75% or
1020 mLi kg-"-min-?
v
Split function
ppo-FEV: | —Both >30%
ppo-DL,.co
At least olne <30%
<35% or | ppo-peak Vo, |
<10 mL-kg "-min~’* |
>35% or
>10 mL-kg-*-min-?
" Iobeio - ‘i
v
L:um m;nc)troor Resection up to Resection
o e calculated extent up to
are usually
not recommended. pneumonectomy
Consider other optionsY




Role of cardiopulmonary exercise testing as a I

risk-assessment method in patients undergoing
intra-abdominal surgery: a systematic reView  iisjounal o st 16 (2:177-31 2016

- AvaAoya pe 10 €id0C TNG ETTEUPAONG OI TTAPAPETPOI TNG
TTpogyxelpnTikAc maximal CPET

-VO2@AT (kupiwg) (< 11 ml/kg/min)
-VO2 peak
-VE/VCO2 (Kata TTepITITwon)

2 XETICOVTAI OTATIOTIKA OnUAvTIKA JE Ta akdAouBa outcomes:
-Eicodog o¢ ICU

-Length of Hospital Stay

-Mortality (in hospital, 30-day, 60-day,90-day, 1 year, >2 years)
-Morbidity (7-day, 30-day, 90-day, >90-day)



Perioperative cardiopulmonary exercise testing (CPET): consensus clinical -
guidelines on indications, organization, conduct, and physiological
Interpretation

Baseline Observations:
Weiaht Ideal Weight BMI Hb

Exercise protocol and test conduct:

Incremental test gradient WWatts/min Incremental phase duration: minuies
Test quality good/poor and reasons
Perceived exertion Borg, rest: Borg, peak exercise: Observer description of effort

(Borg scale, range: 1-10)

Reason exercise stopped FPatient reason and Investigators' observations

Exercise Capacity: Anaerobic Threshold and VO, peak

'IF’Uzpeak Absolute mifmin milkg/min e of predicted

Anaerobic threshold Absolute mlfmin mlkg/min % of VO.peak

WR AL AT Waits ALV O-peak Watts
RER at peak exercise

Cardiovascular Function:

Resting ECG

Exercise ECG Ischaemia or arrhythmia or conduction defect — when this occurred during test
Elz:dicte-d maximum (normmal approximately 220 — age bpm)

BF Rest: mm Hg Feak exercise: mm Hg
FPeak HR Absolute and % of maximum predicted value

Heart rate reserve Absolute and %

0. pulse Absolute and % of predicted peak exercise value; comment on profile of response
VO./WR mifiminfwatt (normal range 10 mifminfwatt; standard deviation +/- 1)

Respiratory Function:

Breathing Reserve Absolute and percentage (normal = 15% or greater than 11 Fmin)

VE/V 05 at Anaerobic (normal = 32)

threshold

VE/VCo, gradient (normal = 32)

Oxygen saturation Rest % | Peak exercise % Levett BZH’ et al. BJA
Spirometry FEY, absolute and % predicted, FEV/FVC, MYV calculated (e.g. FEV, x 40) 2018



CPET oTnV TTPOEYXEIPNTIKNA EKTIMNON

CPET (13/07/2015) CPET. (20./09/.2015) ,
(LUETA arno rnpoypauua aoknonc)

O VO2peak: 14.9 ml/kg/min O VO2peak: 17.6 ml/kg/min
(59.8%) (71%)
0 AT 10.1 mi/kg/min (41%) [ o AT: 11.9 mi/kg/min (48%)
- 5:;;5\-/18870/ 0 RER: 1.14
d : )
O VE/MVV: 93%
0 VE/VCO2@AT: 31 VE/ Veon AT°_ »
O BP, ECG: normal H / @AT:
O BP, ECG: normal




Cardiopulmonary exercise testing, prehabilitation, and Enhanced
Recovery After Surgery (ERAS)

Denny Z. H. Levett, PhD - Michael P. W, Grocott, MBBS, MD
Can J Anesth] Can Anesth (2015) 62:131-142

-Prehabilitation: Exercise training before surgery in order to
Improve functional capacity

-There is some evidence that CPET-guided structured training
program is feasible and could be effective for prehabilitation



CPET and exercise-induced bronchoconstriction

Test protocol:
« High intensity exercise (totally 8 minutes)

e >90% HR for at least 6 minutes — >85%MVV

—_
=
A

« Spirometry pre and post (2 manouvers)

|5+

Percent Fall in FEV,

« Spirometry at 5, 10, 15 and 30 minutes post

2

 FEV1 drop >10%: EIB diagnosis (gold standard)

&

« If FEV1drop >50% use SAMA

&
20 -
=
w

L]
1 15 20 30
Time (min)

« Stay at lab until FEV1 >95% of baseline

Rundell et al. J Allergy Clin Immunol 2008;122:238-46.)



2. UdTTEPACATA

- H CPET artroteAei éva onuavTiké epyaAcio yia T1n diagopiki didyvwon Tng dUoTrvolag
KATA KOTTwon, Eoa atrd Tn agloAdynon Tou JovTEAoU AoKNonG TTou eP@avidel 0 aoBevg

- H CPET artroteAei gold standard yia 1n didyvwon NG dUCTIvolag ayvwoTou
aITioAoyiag Kabwcg Kai yia Tn d1dyvwaon Tou BPOoyXOoTTaOOU ETTAYOUEVOU UE TNV
Aaoknon

- H CPET ouuBdaAAel onuavTikd oTnv d1Gdyvwon ouvvoonpoOTNTAS OE AVATTVEUOTIKOUC
a00¢eveic Kal TTOO0 AUTH CUMMPETEXEI OTN XOUNAR avoxr) oTnv KOTTwaon

- n CPET BonBd& oTnv avTIKEIMEVIKN TTAPAKOAOUBNON TOU BEPATTEUTIKOU ATTOTEAECUATOC
KaBw¢ Kal TNV TTPoyvwon Twv acBevwy JE aVATTVEUOTIKA VOOTjuaTa

- H CPET cival amrapaitnTn yia TNV TTPOEYXEIPNTIKN EKTIMNON TWV aA0OEVWYV UE KAPKIVO
TOU TTveUMOVA, KaBw¢ KaBopllel To BaBUO EKTOMRG KABWG Kal TNV METEYXEIPNTIKI TOUG
TPOYVWOoN
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“What fits your busy schedule better, exercising
one hour a day or being dead 24 hours a day?”




