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How to assess exercise capacity - Ergometry
6-minute-walking-test (6MWT)
Cardiopulmonary exercise testing (CPET, CPX)
el L iERhEE S -

EFEMIN. 65 S 1TMhR(6MWT)LAK
DAmEEN ( CPET, CPX )
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What do you mean you’re out of breath" I haven’t
SRR Y, switched it on yet!” . 7
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FEF-Eh =
————

Cardiovascular Physiology - 1
MM*EE%-

heart minute volume and O,-uptake

o DESHOHE (HMV) FIESEE

e HMV = heart rate HR x stroke volume SV
HMV=/HR x SE=SV
e equivalent to oxygen-uptake (assuming a constant peripheral Ausschdpfung

avDO,)

S5HEERF (RXIEENINEIERE. shafbkaxE)

40
HMV

(I/min) 30
20

10
0

trained _yllZx1d

o

== Heart failure (CHF) DARIE (B0 HERIB)
-z - Severe heart failure BRI

I |

Intensity (Watt)
wmE (R4T)

e linear increase in Watt in healthy and trained subjects

S Z AR ER A E AT ES & B K

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Physiology - Basics -

SIEG REHA SIEG PHYSIO-SPORT

FEF-Eh =
—————

Cardiovascular Physiology - I1
i I 5 4 EE -1

heart minute volume and O,-uptake DESHOHEMREEE
e HMV - 5-61I/min at rest
- 15 -20 I/min in young healthy adults
- > 40 I/min in highly-trained athlets
HMV - 5-6 |/min 1K 28
15 -20 I/min FREEREMNKAS £
> 40 |/min S2EIIZRRYEE) 5
e linear increase (Watt) in healthy and trained subjects
ZHINGHNERNZINE (R45) 248IMEK

e stroke volume SV = enddiastolic - endsystolic volume EDV — ESV
BEESV= §F5kRER- I 4a REAE R

e EDV - depending on LV-filling-pressure and LV-compliance
FHRREAR R - BUR T AZERBENAEZEIRME

e ESV - depending on contractility of myocardium and afterload
IRZEAREAB IR - BURT/OAVURAE MR OZE e Al
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Physiology - Basics
EIEF-Eh

Cardiovascular Physiology - IfI

IDMEEET - III

heart minute volume and O2-uptake

DES#HOCHIETIREE

exercise: increase of O,-uptake 8- to

10-fold R BE=1EKS8-101E
by

HR: 2-4-fold

IR 2-4 (8

SV: 50% — SiEE: 50%

HMV 4-6-fold o 0HEE4-613

+ blood distribution from the splanchnicus

into heart and peripehral muscles

MR MABERNCBEFIIMNE LA

CR — how to assess exercise capacity

Roland Nebel — SiegReha
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Physiology - Basics -

SIEG REHA SIEG PHYSIO-SPORT

FEF-Eh e
—————

Cardiovascular Physiology - IV
lL.\JIu‘*'EE—? IV
Heartrate and -rate-Reserve (HRR)
IDEHLEEE (HRR)

e HR_..: 220 - age, with a variety of approx. 15% - ,sufficient"
RANDER: 220 - Fig, MY15% - “[EE"1F

e HR _.: 208 - (0,7 x age (y))

BAODE: 208- (0.7 x F#R  (y))

e (half-)supine-ergometry: slower HR-increase due to higher
SV, increased venous reflux and elevated left ventricular filling
(F-) MEMI-IIERZFEMNL: BFSEEHS, ODEFEASRE, #2ikEiR
g, EOEREAS

e trained persons: slower increase of HR at same exercise level
SR80 MBELEHIKET, LFRIEKES

o further relevant influences: acute disease / environment:
temperature / air pressure/ humidity / ...

H—THEXEN: [EERRAR: RE/SREEE....
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Physiology - Basics -

SIEG REHA SIEG PHYSIO-SPORT
o op i h e e

Cardiovascular Physiology - V
DMEEHRSE -V

e Heartrate und -rate-Reserve (HRR) - trainable
o IDEFMLEMMTE (HRR) -a] A1 4k
RIS (B0 5IE)
untrained trained
igg : Heart failure (CHF) 421l ST
HR (/min) 160 -
LE (I 140 -
oH) 120 -
100 -
80 -
60 -
40

Intensity (Watt)
mE (FL45)

e trained persons: slower increase of HR at same exercise level
SRR BELHEhKFET, ODFRIEBKEE
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Physiology - Basics -

SIEG REHA SIEG PHYSIO-SPORT
A B e

Cardiovascular Physiology - VI
i INE £ - VI
Heartrate und -rate-reserve (HRR)

DFEFMOEER (HRR)

HRR = HR ., pred — HR__, act
« ILEREFE= RRNOERMITHE - RAORLFRME

e < 10 bpm: ~ exertion level
< 10 bpm:~ HiIFHKI
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Exercise capacity o

N—— 2y SIECREHA. SIEG PHYSIO-SPORT
IETEE /] -
Evaluation of physical fithess and exercise capacity
S IMEREENEE RS
e In CR evaluation of physical fitness and the individual dynamic
exercise capacity should be performed by a safe, standardized,
inexpensive and non-invasive procedure with diagnostic (and
prognostic!) information :
FOREESR, MizBE—1T%ZE. e, MENRMIFEANEN BRI
(G IMERKEM MAIZIZENEE ], FENBZEEIFENER:

e 1. bicycle ergometry (standard in European countries)
o SERIUIRENL (FMNERGATTIE)

o 2. treadmill ergometry (standard in the Americas,...)
o SSRIFEMRMIT (EEFHIIFATTIE)

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise capacity o

SIEGREHA  SIEG PHYSIO-SPORT
‘E Ej] I , , \o

Aims of exercise testing

ERDMHAY B iR

» Assess physical fitness and (aerobic) endurance capacity
THEERERN(BE)N I8N

» Obtain references for ,exercise presciption®
RMF B NSEER

* Provide clinical diagnostic and prognostic information
RAIGRIZEATEER

» Evaluate the necessity of (further) invasive diagnotics and/or therapeutic
measures
W& (HE—F ) RN 28R F/E e T E R Z %

* Functional capacity: the ability to undertake physically demanduing activities
of daily living
INeelEeE] . MNBHBEFPINEENAIAEE

* most activities of daily living represent exertion at submaximal capcity

HEEEPRARSEENERRRIRREEIAIES T

Guyatt 1985, Trappe and Ldllgen 2000, Solvay 2001, Fletcher et al 2001, Bjarnason-Wehrens 2010
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Exercise capacity o

SIEGREHA  SIEG PHYSIO-SPORT
‘E Ej] I , , \o

When to perform exercise testing in CR?
O ER E PR =1 TIEEhA?
e 1. at the beginning of / before starting each CR: individual >

Lexercise presciption"
B REsRENF MRS/ aIBEERER: TA> Bt

e 2. in between CR to controll effects of ET and to adjust ET intensity
during CR
FOBEEE PIEHIEn)GRNR, FREHRBE.,

e 3. at the end of CR to evaluate the efficiency of ET and to give
individual further information for appropriate ET in CR phase III
T OREERR, THMEEIZRINEE, HEE T ACHNHE—FTER, X
WEETF OREE NERRIEENIIETE.,

Bjarnason-Wehrens 2010
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Exercise Testing - Protocols o
el - 5 A

o Established exercise protocols
BRtRRYEEN 5 R

e bicycle ergometry: sitting /supine (or leg) ergometry
IEEITNFEEM N : LAMPEML (SKEBRER) ThERZFEMX

o treadmill ergometry: USA, protocol: Bruce, Naughton, Balke
SEEEMRAE : 3£ E, 184]: Bruce, Naughton, Balke

e arm ergometry: PAD, massive overweight, insult
ERRThFRENN: SMEIIRR. mEBE. mifh

e 6-minute-walking-test (6MWT)
6 7L 1Tl

e Rowing ergometry: specific for athletes
FZHENE: EIRER

e Running / high altitude medicine etc : field tests: mobile
L /EEN EFEE: e Bam

e Swimming: Gegenstromanlage: used by National Olympic Centres

K EWE: EZREMIL S HOMER
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Exercise Testing - Protocols =

o — N I 1Y SIEG REHA SIEG PHYSIO-SPORT
B - A s

o Contraindications of cardiopulmonary exercise testing !!!
 ILBIEENTNREMN N R RE

Absolute s yqEE=E Relative™  1E53 28 R fiE
® Acute MI (within 2 days) SIEOHUEE (2KA) e Left main coronary stenosis or its equwalenfi§;fxéﬂzl(E:—';TE;'5
® High-risk unstable angina SETREROLRE ® Moderate stenotic valvular heart disease smeyge s o Bk RS
® Uncontrolled cardiac arrhythmias causing symptoms of hemodynamic ® Electrolyte abnormalities BERSE
compromiseAR B 2 LR i SRV M EN ) F B AR ® Tachyarrhythmias or bradyarrhythmiags 3R 4 (; 1%9&,%‘}2/L,\EjJL4_§
® Active endocarditis  SEzfjii IR A e Atrial fibrillation with uncontrolled ventricular rate /C\FEREA,
e Symptomatic severe aortic stenosis TR P2 5B B S BB A e Hypertrophic cardiomyopathy  BEEM L Lix\x}“

; : 0
® Decompensated symptomatic heart failure SRR NEIE e Mental impairment leading to inability to cooperate 2‘5@?;%’3 ~
/ A

I : : 5 "
® Acute pulmonary embolus or pulmonary mfarctlon 2 MERe FoUFHIAE @ High-degree AV block = e (= SR

® iac di .
I mh B *Relative contraindications can be superseded if benefits outweigh risk:

aggravated by exercise (eg, infection renal failure, thyrotoxicosis) i
e Acute myocarditis or pericarditis ‘& 7'<~ BRIB. FIRBRINEE ' R FERRIFE IS 22 IE A LA 2 B

® Physical disability that would precluh‘e salf’e arﬁ aHeqf‘J’tAtest
performance  pepacre 2 oROMIR R INA S ATE R

® [nability to obtain consent
TEREBRE

Fletcher et al 2001
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Exercise Testing - Protocols i

SIEG REHA SIEG PHYSIO-SPORT

@il - HE il
—————

e Rates of Perceived Exertion (BORG-scales RPE and CR-10)
- BAESRREE (BORGEXRRPEFOIEEE-10)

RATING OF PERCEIVED EXERTION (RPE)

Borg's Scale  (Gunner borg 1982): Modified Bor% Scale: }?ﬁ_ﬁ;iﬁ
BORGEZX ¢ 0- at rest R ‘i
7- very, very light JEELR
8- 1-very easy R 5
9-very light RE 2- somewhat easy BLER S
10- .
11- fairly light THEHE 3-moderate
12- 4- somewhat hard BLEE Y

5. hard E:
REYE

rg 1962 and 1982
very hard TREE

September, 2017
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Exercise Testing - Protocols i

igﬁb;lj!“ 'Iit _ H % SIEG REHA\VSIEC PHYSIO-SPORT
—————

o Rates of Dyspnea and Angina (CCS, NYHA)
- FIRAMAOREEE (NMEXNOODENDS, ALOENDS)
x1: AAGEDESONEIEBES R R2: MEXROMEMNEDERFNOLDRED X
T b' 1 Table 2. Grading of Angina Pectoris by the Canadian
a e Cardiovascular Society Classification System

New York Heart Association Chon

Ordinary physical activity, such as walking or climbing
stairs, does not Cause anging, Angina occurs with

strenuous. .'.|;m|, = ;rrnlc nEed exertaon af work of

Classification of Heart Failure
Class |

recreation

Symptoms of HF only at activity levels Class 1l

Slight limatation of ordinary activity, Angina occurs when

walking or climbing stairs rapidly, walking uphill, walking

Class Il
Class I

that would limit normal individuals >

Symptoms of HF with ordinary exertion
Symptoms of HF with less than ordinary
exertion

or stair climbing after meals, in cold weather, in the win,
or under emetional stress, or anly during the few hours
after awakening, Angina occurs after walking more than 2
beved blocks and ¢limbing msoee than 1 tight of ordinary

stairs at a normal pace and under normal conditions.

c‘ass 'v Symptoms Of HF a' feSt Class 11 Marked imitations of cedinary phywsical activity. Angina
occurs when walking 1-2 kevel blocks and climbing
2 1 flight of stairs at & normal pace under normal conditions
Source: Reference 9.
Class IV inability to perfoem any physical activity without discomfon
Symptoms of SNRING May ber present al rest
Sowvce; Rederence 7

CR — how to assess exercise capacity

ACC/AHA guidelines 2005

EEORZE/EE BN ZTER2005
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Exercise Testing - Protocols o

o — N I 1Y SIEC REHA SIEG PHYSIO-SPORT
B - A s

¢ Which form of testing should be chosen — Bicycle ergometry
o ROEFEFNEL AR -G Eh TR FE
o Performed either sitting or (half-)supine:
o Afusy (F) (PEMUL#HT
= Sitting predominantly in ambulatory centres
EEMNRERE RO EE R L ZRL
» Half-supine predominantly in inpatient CR centres
ERREOERE R OEEZEFEMU
» advantage: safe, hon-weight-bearing, better ECG-lead quality, better reproductibility,
additional procedures in supine position (stress-ECG, PA cath), less movement artefacts in
spiroergometry

i B2 TRE. BEFNOBERSERE. BRI, (MEMIERIMERE (-0
BE. PARE. HRENEPBHNNEED)

» disadvantage: possible lack of coordination / experience in certain persons, orthopedic
problems, PAD patients
L ASTEABARERR MMAM/ZE. SRIOE., INEKEREE

= focus: elder or insecure subjects, obesity, post- stroke, post-CABG or other (thoracic) surgery,
children, but also trained cyclists

En: FEIIBERERORLNE. EH. FXE. SRS EBERNEMBIEFARG
ILE, BESTIIGNBEITEENR,

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols o
el - 5 A

¢ Which form of testing should be chosen - treadmill ergometry

© RO R SE R FARE

o performed in less CR centres: greater muscle mass, VO, 10-15% higher
o REEXMAENORREFRLEN: fIRREEAR. HEESH10-15%

= predominantly in ambulatory or sports-scientists co-led centres
FEARIFEMNRE S GBI ER K ES 5ERE P O0HTT

advantage: more natural way of moving, higher workloads

»birds fly, fish swim, man runs™ — Emil Zatopek (Czech marathon runner, 1950s)

ME: EFEhAXNEEAR. EaNIFEAT S %, &, A - Emil Zatopek (1950F 15

BRIABE5)

disadvantage: bigger, more expensive, noisier, unsafer by higher workloads, worse ECG
quality, lack of BP control, less accurate and ? worse reproduction by subject’s learning

S FA, B, BEER. aESNIERG FTEAZE. DHEEREREZE. ROMEEH
. BANER. AR ENIE, MARMYEE

focus: younger or more experienced and secure subjects, PAD patients, post-PCI / no
(thoracic) surgery, adolescents, but also trained runners in phase III

£Ba EFRGEALKNNLERNZIHE. INEERREE . f2RERDIKTNIETT G/
T (BEE) FAR. FME, UERE=MENZ)IETE5E

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols

@il - HE

0N\
SIEG REHA SIEG PHYSIO-SPORT
\e,.~

o Exercise protocols — bicycle ergometry

CR centre, hospital
(,routine"), Occupational
Medicin

50 Watt (75-100 Watt with
normal performance )
50 Fu4% (75-100 Fu4%, FRIM

eDIEEEFRL. Eft (“BM) E£E)

BRI s
reports, nuclear medicine
ke, REF

Pneumology (incl. BGA,
pulmonary artery catheter)#fi
"E (BEBGA. MoK SE)
Children)LE

Sports Medicineizohi &=

CR — how to assess exercise capacity

50 Watt (25 Watt with
reduced performance)

50 Fu45 (25 Bu4s, RINKF[FZ
{E%)

25 (50 Watt)

25 (50 F4%)

1 Watt /kg 1 45 /5

50 Watt 2 50 F4F @
100 Watt & 100 F 45 &

= = TN B = N[/
mod. after Lollgen 2005,Cardiopulmonary Exercise Testing Lodllgen 20051@3@/%,@%@%%%qu

Roland Nebel — SiegReha

BN R-ERINRE NN

25 Watt / 2 min
25 F45 12 o8

25 Watt / 2 min
25 EfF /2 7

25 Watt / 2 min
25 F4%5 12 o

0,5 Watt /kg / 3 min

50 Watt /2 min
50 Watt /3 min
25 Watt - near maximal levels

September, 2017



Physiology - Basics ~
B BT o

Exercise protocols and ADIsizzh A =/ B ® & & &6
 linear correlation of 'VO, and workload (Watt)

EEEAIENE (R MEMEER

‘VO2 (I/min) Energy expendure (kcal/min)

4,8 24

4,2 / 20 Sports competition JEEIEE

3,5 / 17 running 13 km/h, hardest work
B 13 km/h, RFEHWNIIE

2,8 / 14 running 11 km/h, very hard work
11 km/h | +OFE

2,1 / 11 running 9 km/h, cycling 20 km/h
B25 9 km/h, 35% 20 km/h

1,5 8 running 7 km/h, garden work

B5 7 km/h, 2 THE
0,9 5 walking 5 km/h, light work

REBRS km/h, B TIE
0,0 0

Workload (Watt) 50 100 150 200 250 300 350
faf (R)
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Exercise Testing - Protocols
el - 5
s

Exercise protocols and oxygen-uptake- XI
B A RMBERE-XI

GRADE (%)

0\
SIEG REHA SIEG PHYSIO-SPORT
\Ud

* Naughton s

o EXxercise protocols - IV -
N —— =2 w ha o 3mph
- BRIAFR-IV Tl | -
- 5 2mph m_pn
® treadmlll: opmen_yLomeh, 2med — -
o Eﬂi*n: Walking’ not running ! ! ! (o] 5 10 15 20 Z.I:')lME3O(mi:)5 40 45 50 55 60
E, ~EwLS! |
A0 30[‘ 35—@ 35F©
L~ — — CONSTANT 5.0 mph — = > © 3ok ———- CONSTANT 3.3 mph— — — — — » 30l
25 251
25— 25k
20+ 20+ R
= 20F 20+
15— 15+ %J 15 5 6,7.8 mph
x L |
10 10 10k lobLZy 3,4, 5
5 5t : 5 5
Oo é |fo |:5 2:0 21‘5 oo - é |=0 |:5 2:0 2{5 00 é I=O I=5 Z:O 2:5 ﬁZ;O OO é I;O llg 0 a 5 10
TI'X\E 1(:min) d TIME (min) éME I(lzm) TIME (min) TIME (min)
stran : dlke
Bruce (modif.) Ellestad Harbour

Fig: Wasserman, Principles of Clinical Exercise Testing, 2005
[E]: Wasserman, I&REs0HEHIEN, 2005

September, 2017
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Exercise Testing - Protocols o
el - 5 A

Exercise protocols and oxygen-uptake- XII
B A EHEREE-XII

Bruce - Protocol

mEHAE
R
walking pace !!!
ERTE

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols -

§— N TN (Y i — SIEC REHA SIEG PHYSIO-SPORT
B - A e
.,

Exercise protocols and oxygen-uptake- XIII
B A EMBEE-XI

Bruce - Protocol

25 modified (German
o , _ o0 Cardiac Association,
20 %o Steigung / 3 min 18 DGK)
R 16 Trappe and Ldllgen
15 14 HEMAREIThR
0 12 (BEOIRBNS)
10
5
5
0
0 km/h
27 27 27 4 54 67 8 88 kKM

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols -

§ — N TN (Y " — SIEC REHA SIEG PHYSIO-SPORT
B - A e
.,

Exercise protocols and oxygen-uptake- XIV
G RBARE-XIV

30 Naughton — Protocol
N 7R &G 5 26

25 % Steigung / 3 min 22,5 2 24

20 20

20 17,5 17,5

15
14
15 12,5
10,5

10

5 3,5
0

3,2 3,2 3232323248 48 48 48 48 55 55 55 55 km/h

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols
el - 5

o\
SIEG REHA SIEG PHYSIO-SPORT
\e.”

Exercise protocols and oxygen-uptake- XV

Bl A RMBEE-XV

25 Balke - Protocol

B BREAE
20 % Steigung / 1 min 20

17,5
15 :
15 125 ~1 MET / min 1
10

10 7,5

5
> 2,5
0 m/h

33 33 33 33 33 33 33 3,3

CR — how to assess exercise capacity Roland Nebel — SiegReha
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Exercise Testing - Protocols i
el - 5 e

more important advantage (++) or disadvantage (-): ZBEEENEAEMHE (++) TAMEHE () ;

less important advantage (+) or disadvantage (-) REBBREMFEE (+) IAFEHE ()

Feature Treadmill Cycle
TR B, B1T%

Higher maximum VO, and Higher maximum O, pulse +
Similarmaximum heart rate and maximum V. +
Familiarity of exercise ++
Quantitation of external work i =
Freedom from artefacts in ECG, airflow, and pressure 56 ++
tracing
Ease of obtaining arterial/venuous blood specimens _ ++
Safety (fewer musculoskeletal injuries) +
Usefulness in supine position +
Greater experience in the United states i
Greater experience in Europe i

Wasserman 2011

w



Exercise Testing - Protocols o

o — N I 1Y SIEG REHA SIEG PHYSIO-SPORT
B - A s

o Exercise protocols - IX

o BEIAR-IX

1. step test (3 - 6 min / level > steady state)
amlhin 3-62H/ EE>RENRS)

2. incremental test ( 1 min / level)
NN (198 BR)

3. ramp test (continous, max. 16 sec / level)
AN (T8, &2 160/ BR)

4. endurance-protocol (only one defined workload)
MARE (RE—MENLIIERE)

spiroergometry: introduction of breath-by-breath-analysis and introduction of
9-panel-plot by Wasserman —

[FEIRENE : N BBOMKRZESSHF1Wasserman 9B 517

no need for steptests no more

AEEBM ML

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Incremental vs. Ramp Exercise Test Protecol

SIEG REHA SIEG PHYSIO-SPORT

R vs. RURIEEINIES »
INCREMENTAL - RAMP +
fe1 8 S

WORK WORK
T4k I

TIME TIME
RE B8]

exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols =

ﬁﬁb;l}l“ 'Iit _ H % SIEG REHA\VSIEC PHYSIO-SPORT
—————

Exercise protocols and oxygen-uptake- XVII
BRI AEMREE-XVII -

- “ A éﬁ% 7 150()}_15'0'—%‘ ‘gf “E 1500
o Exercise protocols - X e el | | o BB 5
s—EbH% X £ ii 2. isiahe N % E 10004100 | manuel e ”@a £ Fo00 =
prey 2 1000-10(:_‘9%{{ : \‘~ 10003 S soo-g}wﬁmﬁ‘ r?gisoo =
o3 5 10 \?0 GOF 5 10 \150
Zeit [min) Zeit [min]
e a. step test e
N RN LY - 3-6m =
. AKME | o |l
- | 3-6min
e b. incremental test : :
° ig%ﬁi}ﬂu -I‘:_[t V0,1.21 S [ 1200
_ . S S
e C. ramp protocol e Te | [T e B
S| Lob SRS E 2 A2 )
o RUEIE HIEEE A o
d. endurance test 7777 e
e MINLR LIRS J

8-12min
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Exercise Testing - Protocols o

o — N I 1Y SIEG REHA SIEG PHYSIO-SPORT
B - A s

Exercise protocols XI
BRI A E XI

1. Resting phase (1 - 3 min)
RE2ME (1-377%F)

2. Reference phase (2 - 3 min - unloaded pedaling)
EHEME (2-370W-ThafTEE)

3. Exercise phase (continous - 8 - 12 (15) min)
S ER (354E-8-12 (15) o)

4. Regeneration phase (3 - 5 min - unloaded pedaling)
EiEx (3-50% -ITRTHEF)

Total duration 8-12, max. 15 min ! (not with well-trained athlets)
SERRHR8-120, &2157%! (IZ&BZNEoiaf~EL5)

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols o

o= el Sl SIEGREHA  SIEG PHYSIO-SPORT
B, - A s
____________________________________________________________________________________________________________

Exercise protocols and oxygen-uptake- XIX

BRI A R E=-XIX

o EXxercise protocols - XII
V6, RENAE - XII

BR=
Rest /
unloaded peda
KB ENE R B
> Exercise / Watt
3 min 3 min 8-12 min exercise 4-5 min regeneration BoI Y

3 35 8-125 $155 5N 4-55 P F

e Time-schedule in CPET
IAmIEEN TR RST [B) 2%

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Exercise Testing - Protocols o
el - 5 A

Maximum exercise capacity E-Ex imguéﬁ

eestimated relative maximum exercise capacity:
HH3T SR ARG RN REF R & {E:
ein untrained healthy subjects between 20 —30 years

RN, EFRAV20-305 MIZINE
3,0 watt per kg body weight in men EM4EFZAREI.0FRAF
2,0 watt per kg body weight in women THEFHIE2.0F4F
edecrease with increase in age BEEHIEE TR
e (10% per decade in men, 8% in women) (BMS10E10%, KI48%)
eAmerican Collage of Sports Medicine (ACSM), in Europa modified by Reiterer (1977)
(max. age 64 years, invalid in obesity)
EEIGHEZS (ACSM), iZEFUN HReitererfEiT (1977) (RAEN 64 %, BBHFE TN
eJones: 1. variables: sex, age, height

2. variables: sex, age, height, weight
JRER 1. TE: I”_iL%IJ FiR, 55
TE: 5, FiR, 85, A&

eNordenfeldt (1985) 1?5 #43(1985)
eWorld Heath Organisation ( ), with predominantly only ~ 75% in comparison to
other workgroups > to low
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Maximum exercise capacity (Watt) - © & KiGzheE (B4F)  Nordenfeldt 1985
F B i 1085

weight{x& age (years)&Fir (%) Exercise capacity
Lt Alter (J.) EohREH
(kg) 20-29 30-39 40-49 50-59 60-69 70-79

> 162 > 159 > 157 > 142 >123  >103 Good fiR
108-162  106-159 105-157 95-142  82-123 68-103 Normal E¥
94-108  93-106  92-105  83-95 72-82 6068  Slighty decreased 32 & Tk

<65 67-94 66-93 65-92 59-83 51-72 43-60 Decreased Tk
40-67  40-66  39-65  36-59  31-52 26-43  Muchdecreased KifE Tk
< 40 < 40 <139 <136 <31 <96 Very much decreased /=& T %
> 169 > 167 > 164 > 149 >129 >107 Good 1EE
[13-169  111-167 110-164 99-149  86-129 72-107 Normal IE&
99-113  97-111  96-110  87-99 75-86  63-72  Slighty decreased BE T %

65-85 70-99 69-97 69-96 62—87 54-75 4563  Decreased T

42-70 4260  41-69 3762  32-54 2745  Muchdecreased KiET#
< 43 <42 <41 <37 Y <27 Very much decreased ™ & T %

> 177 > 174 > 172 > 156 > 135 =>112 Good LB
118-177 116174 115-172 104-156 20-135 75-112 Normal IE&E
103-118  102—-116 100-115 91-104 78-90) 66-75 Slighty decreased 12 E T [&

> 85 74-103  73-102  72-100  65-91 56-78  47-66 ~ Decreased TR
44-74 44-73 43-72 39-65 34-56 2847  Much decreased Kig Tk
< 44 < 44 < 43 <139 <134 <28 Very much decreased /=& T [F
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\&.~

Maximum exercise capacity (Watt) - © & XE5hgeh (B

weight{iRE age (years)Eig (%)

79

> 267 > 253 > 239 > 208 >170 > 132
178-267 169-253 160239 139-208  113-170 88-132

156-178  148-169 140-160 121-139  99-113  77-88

<55 111-156  106-148 " 100-140  87-121 71-99  55-77
67-111  63-106  60-100  52-87 42-71  33-35

<67 <63 <60 <57 <42 <33

=Sk > 261 > 246 >214 >175  >136
183-275 174261 164-246 143-214 117-175 90-136

160-183  152-174 144-164 125-143  102-117  79-90

55-70  115-160 109-152 103-144 89-125  73-102  57-79
69-115  65-109  62-103  54-89 44-73  34-57

<69 <65 <62 <54 <44 <34

> 283 > 268 > 253 > >180 > 140
188-283  179-268 169-253 147-220  120-180 93-140

165-188  156-179 148-169 128-147  105-120  81-93

> 70 118-165 112-156 105-148  92-128  75-105 5881
71-118 67-112 63-105 55-92 45-75 35-58

<71 <67 <63 <55 <45 <35

Nordenfeldt 1985
HEFHYF 1985

Exercise capacity

SBREE N
Good 1R

Normal IE&

Slighty decreased 22 E T [%
Decreased T[&

Much decreased KigTF[&
Very much decreased /=& T [&

Good 1R

Normal IE&

Slighty decreased R E T %
Decreased T[&

Much decreased KigT[&
Very much decreased =& T [&

Good 1R

Normal IE&

Slighty decreased 22 E T %
Decreased T[&

Much decreased X1g F[&
Very much decreased ™ & T [&

CR — how to assess exercise capacity
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SIEG REHA SIEG PHYSIO-SPORT

FEF-Eh e
—————

Maximum exercise capacity (Watt)
RAEGEIINEE (F45)

1.predicted exercise capacity — formulas
IEENINRETIN - 2230
eJones (without weight):
IR (TTIRE)
oW, (M) = (2526 x KH (m) — 9,08 x age — 2759) x 0,163 (+£18%)
oW  , (F) = (950 x KH (m) — 9,21 x age — 756) x 0,163 (£22%)

eJones (with weight):

- IFH (BIRE)

oW, (M) = (2169 x KH (m) — 9,63 x age + 4,0 x KG — 2413) x 0,163 (+18%)
oW, (F) = (950 x KH (m) — 9,21 x age + 6,1 x KG — 756) x 0,163 (£22%)

eWasserman (with weight) FLZFE/RE (B{KE) : non validated Rk
oW, (M) = [KG x (50,72 — 0,372 x age) — 5,8 x KG - 151] /10,1
oW, (F) = [(KG + 43) x (22,78 — 0,17 x age) — 5,8 x KG - 151] /10,1

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017
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Maximum exercise capacity (Watt) and maximum treadmill pace
SREME (R NRARSNSE

Physically active persons (level)

Physically _ AEEhiERE (KF)
inactive
persons fair good very good maximum
RZABTizohE — WA 3 JEETF RAEE
NP & -3
NP @ -2.5 2,629 3,0-3.3 34-3,8 3,9—-
(Watt/kg max.)
Endurance ffif 73 trained 4,1-4,5 4,6-5,0 5,1-5,5 5,6—
persons 23)||& 3,3-3,7 3,8-4,2 4,3-4,7 4,7
(Watt/kg max.)
Cyclists BRITES 4,5-5,0 5,1-5,6 5,7-6,1 6,2—
Cyclists B EITESE 3,7-4.2 4348 4,9-53 S
(Watt/kg max.)
NP & 9,5-10,5 10,612 12,1-14 14,1-16
NP @ ascendence 7,3-8 4 8,5-9,7 9,8-11,6 11,7-13,4
(km/h max. bei 5 % V}I—.%\.w
Athlets EENE d 14-16 16,1-18,0 18,1-20 20,1-22
(track and field) (B#E) Q 11,5-12,5 12,6-14,1 14,2—16,0 16,1-18
(km/h max. bei 5 % . ascendence
AN Bachl 1981, 1987
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American Thoracic Society EEMiEM=

%ﬁ’i}lﬁﬁﬁiﬂﬂﬁﬁbfﬁ . .
ATS Statement: Guidelines for t?le Six-Minute Walk Test

Tuis OFFICIAL STATEMENT OF THE AMERICAN THORACIC SOCIETY WAS APPROVED BY THE ATS BOARD OF DIRECTORS

0\
SIEG REHA SIEG PHYSIO-SPORT

\Ud

March 2002
CONTENTS pulmonary exercise test (1, 2). Other professional organiza-
AP tions have published standards for cardiac stress testing (3, 4).
POSE £ P Assessment of functional capacity has traditionally been
Background - : i R
. s e o done by merely asking patients the following: “How many
Indications and Limitations z : TR 3 =
Sy flights of stairs can you climb or how many blocks can you
Contraindications o . : .

walk?” However, patients vary in their recollection and may

Safety Tasues report overestimations or underestimations of their true func-

Technical Aspects of the 6-Minute Walk Test : :
g:t?:;:egrfgfr'ﬁ%im 1960 B HA , /R 72 FF fthan self-reports. In the early 1960s, Balke developed a simple

AY I\\-I\- : I A N Y
e e R T BRI, BT e
. ME—N =0t 5] ER field performance test was then developed to evaluate the
{{lécf?:;fersgtslon /)‘UE | AE#TEHEI‘ETJERW level of physical fitness of healthy individuals (6). The walking

E’\]'/"_'j?i‘ftﬁ%_, ;EﬂZ{E;E\:IjJﬁE test was also gcjap_/ted to assess disability in patients with
PURPOSE AND SCOPEEﬁEjj . chronic bronchitis (7). In an attempt to accommodate patients

with respiratory disease for whom walking 12 minutes was too
This statement provides practical guidelines for the 6-minute

walk test (6BMWT). Specifically, it reviews indications, details

CR — how to assess exercise capacity

Roland Nebel — SiegReha

exhausting, a 6-minute walk was found to perform as well as
the 12-minute walk (8). A recent review of functional walking
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B - A s

e The 6 minute walk test (6MWT)
+ 6L 1T

e depending on CR centre's availability, experience and tradition
o HRIBOIRREFORATAY. Z2IAESR

e Advantages

o HHEH

e submaximal test (relevant for functional capacity in ADL)
o REXKAFENX(5GHEAFEENPOTIREHRENHEX)
e can be performed by non-doctors

o TLUBSEEAERE

e requires only little equipment

o REFERIINZF

e can be performed with 3 - 5 patients at the same time

o AL3-5NBEARNHIT

¢ meet the needs of weaker / weaker patients

- 7] DU B B R 55 RY B AYFE K
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American Thoracic Society =E#EEH=

ATS Statement: Guidelines for the Six-Minute Walk Test

2\ 2=t 1
THis OFFICIAL STATEMENT OF THE AMEQ@\’%EEOIJEJIQIJIOIJTEU@AE%PPROVED BY THE ATS BOARD OF DIRECTORS
MarcH 2002

than self-reports. In the early 1960s, Balke developed a simple
test to evaluate the functional capacity by measuring the dis-
tance walked during a defined period of time (5). A 12-minute

Walk ; OWCVer, palienis vary I their recollection and may
Safety Issues report overestimations or underestimations of their true func
Technical Aspects of the 6-Minute Walk Test p 5 ;

; 2 N tional capacity. Objective measurements are usually better
Vi p
g:tci]:rlll;eg rfg;‘,ﬁ?;im . 960E1t§gﬁ ’ EI;/J\%J | than self-reports. In the early 1960s, Balke developed a simple

U N A N 1 M=t EG 3T test to evaluate the functional capacity by measuring the dis-
gﬁgfi‘:rexsigznce ‘E HE:'I | "1E] $E§'£ﬁt’\ JEL tance walked during a defined period of time (5). A 12-minute
Interpzetation UHJJE_/l\ A?:Eq:ﬂ' /[F_HT_I'|ET_|E§|7\] field performance test was then developed to evaluate the

/= 0F =5 5 M7 2 level of physical fitness of healthy individuals (6). The walking

References T 1TEE R ) FIHGELINEE test was also adapted to assess disability in patients with
b . S . :

PURPOSE AND SCOPEl":tL ﬁbjj S chronic bronchitis (7). In an attempt to accommodate patients

with respiratory disease for whom walking 12 minutes was too
This statement provides practical guidelines for the 6-minute exhausting, a 6-minute walk was found to perform as well as
walk test (6BMWT). Specifically, it reviews indications, details the 12-minute walk (8). A recent review of functional walking
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LSS

A BAREE
6 HEITIANEZTARIT, BE—FKKN., HEF
1BIREE . MMBHAEEENER, EELRE3I0XKK, E
BRER3IKNEINC, BEANEINS, Bifsn (hEE
BOKEBIESRTZR) NE=MNE BRI,

A. Technical aspects
The 6MWT should be performed indoors, along a long, flat, straight, enclosed
corridor with a hard surface. The walking course must be 30 m in length. The
length of the corridor should be marked every 3 m. The turnaround points are
marked with a sign (e.g. traffic cone). A starting line, which marks the beginning

and end of each 60-m lap, should be marked on the floor using brightly colored
tape (figure 1).

www.Kklinikum-muenchen.de/Child-EU/en/care/checklist/SOP-6-min-walk-test.pdf

CR — how to assess exercise capacity Roland Nebel — SiegReha
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REQUIRED EQUIPMENT American Thoracic Society
ATS Statement: Guidelines for the Six-Minute Walk Test

1. Countdown timer (or stopwatch) e A
2 Mechrlnic,-ll l.—l Counter E:\I;S{r»lzl&;gl.SIATI;MLN¥ THE AMLRI(',\rxsTumzA(lZ:‘ IETY WAS APPROVED BY THE ATS BOARD OF DIRECTORS
' A | EERRNE
3. Two small cones to mark the turnaround points 645 1Tt IER
4. A chair that can be easily moved along the walking course
5. Worksheets on a clipboard
6. A source of oxygen After the first minute, tell the patient the following (in
/i Sphygmomanometer even tones): “You are doing well. You have 5 minutes to
5 00.”
8. Telephone )
9 Aut P tedelect defibrillat When the timer shows 4 minutes remaining, tell the pa-
ﬁﬁﬁq‘%ﬂon]a ed electronic defibrillator tient the following: “Keep up the good work. You have 4
i minutes to go.”
1. 7T 28 (T*’l\ﬁ) When the timer shows 3 minutes remaining, tell the pa-
2. T =z3 tient the following: “You are doing well. You are halfway
ffﬁ/\%&ﬁ 12|55E5<]‘$’5' #ITHRIC done.”
7/ /\\\L'f-.r ZITL
4 —3ki5F. BEEEISHENE When the timer shows 2 minutes remaining, tell the pa-
385 ’ AE tient the following: “Keep up the good work. You have only
> 2 minutes left.”
S. Umﬁﬂt}itﬂ’jl{’ﬁﬁ When the timer shows only 1 minute remaining, tell the
6_ ,}E patient: “You are doing well. You have only 1 minute to
7 M
8. BiE Do not use other words of encouragement (or body lan-
guage to speed up).
9. AED C

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017
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e The 6 minute walk test (6MWT)
« 6L TN
o good correlation between first and second test:
o B—IRMEBEIIRMR RIFRIER S
800 —

§700 + ®
;ug 600 + .:.0.. 2
.s [
o

[
3 & 500 -

o.o'“

£ 3 400 + n=35
3 r=0,87 (p < 0,01™)
2 300 + ICC=0,71 (p < 0,01***)

< 8 200 : : : : : |
N 200 300 400 500 600 700 800
Walking distance (m) - Test 1

Schell 2013
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@il - HE =

e The 6 minute walk test (6MWT)

« 6L TN

e good correlation between indoor and outdoor test:
. corridor - rectangle

800 N ”
3, . ERAIZIMUKRIFEEN: FE - B
) ¢ oo’
> 700 + &
3 © o
72 2 600 5
m-—~ 0 i o
0 . W
aog g . Ny
= a ® 500 4 e n=46
— =09 ~ ° e r=0,92 (p <0,01***)
=3 & ICC = 0,94 (p < 0,01***)
H:f]L} | 400 . | } : |
3 400 500 600 700 800
5 Walking distance (m) — outdoor (rectangle) Schell 2013
park i =l = (5 2
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@il - HE -

e 6 minute walk test (6MWT) - Prognostic value

o 6T - FEHTE

e 1-year-mortality in CHF-patients (n=) depending on 6MWT
(Level 1 < 300m, Level 4 > 450 m) = o.o1

1210 ZIBAY1 FIFTR T i (T% : m)
10,23
10 A
7,88
8 4
3
£ o
§ 4,109
%T:% " 2,09
2 | l
0 - - — v
Level 1 (n=176) Level 2 (n=241) Level 3 (n=214) Level 4 (n=201)

Performance Level %I}rlﬂqu

CR-- hovs 1.0 avsess (yercize capacity  Roland Nebel — SiegReha September, 2017
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@il - HE il
—————

e 6 minute walk test (6MWT) - Prognostic value

« 6 HEITINN - FEMME

o 1-year-Hospitalisation in CHF-patients (n=) depending on
6MWT (L&Vel 1 < 300m, Level 4 > 450 m)

45 - 4001 @ Total Hospitalized B Hospitalized for Congestive Heart Failure
40 - B ONRIBRTEERE RIF6DFTITM (1

l 33,61 p < 0,0001 |

< 300m, 4% > 450

35 -+

30 - 27,44
25 -
20 -

15 4

=
H
1%
Patients Hospitalized %

10 4

Level 1 Level 2 Level 3 Level 4
Performance Level %I)nﬂkz'z
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o Optimal reference equations from healthy population-based
samples using standarized 6MWT methods are not yet available:
Held B ERRENG DTS ITINNGE, MERARFEFEARPIFEIN
RIMSEHE

e median 580 metres for men (n=117)

o B AF1Y580% (n=117)

e median 500 metres for women (n=173)

o IAFEH500K (n=173)

(Miyato S et al 2000)
e median 630 metres (n=51 older subjects)
o FH630K (n=51TFKZWE) American Thoracic Society

ATS Statement: Guidelines for the Six-Minute Walk Test

Tuis Ort L STATEMENT OF THE AMERICAN THORACIC SOCIETY WAS APPROVED £ ATS Bo, ¥ DIRECTORS
\1 )()2
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Association of Long-Distance Corridor Walk Performance With

Mortality, Cardiovascular Disease, Mobility Limitation, and Disability
Newman A B et al. JAMA 2006;295 (17):2018-2026

KIEBEMSITRUMAETE., LMERR. ESIRHIFIERIK R

e significant prognostic value (p<0.01) (n=2324) for T —
« HFUTHEEZENTAGNE(P<0.01) (n=2324) e et

395 Excluded From Long-Distance

H Corridor Walk
= total cardiovascular events 173 Abnomal Vil Sgns o
\ ’ Electrocardiogram Resulits
= IIE\ 'fZ'SI l_}\.[m. 'quﬁ: > 24 Recent Cardiac
t |. Symptoms or Surgery
u 198 Recent Chest Pain,
mortality £ el

] §E T\__ $ or Fainting

Y

. i m m O bi | ity 2680 Eligit_)le for Long-Distance
N — Corridor Walk
= NEDS
356 Unable to Complete 400 m*

u red U Ced mO bi I ity 105 Unable to Walk 2 min

IF-HLb 42 153 Heart Rate >135/min
. /EE}J Hbjj —FBEF - 82 Leg Pain
33 Chest Pain, Feel Faint,
or Short of Breath
71 Other

Newman A et al 2006 !

2324 Completed 400 m
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Osnabriick

Cardiopulmonary Exercise Testing (CPET, CPX)
Spiroergometry — Ergospirometry
ILAHINEEIZENMIK (CPET, CPX)

I 0% = 3 7€ -/CA B Th RE 328

4

CR — how to assess exercise capacity Roland Nebel — medicos.Osnabriick October. 2014
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Karlman Wasserman — UCLA, California, USA

Karlman Wasserman - I AKZZ0 0%, NFEEL. EE
Wildor Hollmann — DSHS Cologne, Germany

Wildor Hollmann - f[EEEAFE SRR, EE
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Coupling of External Ventilation =
and Cellular Metabolism — Wasserman’s Gears L T

1E£+A

hin BIE 4% ank
Mito- VO /6\ /\ VO
chondria 2 . Pulm. Art. Inspired 2
Consum.
@ h Muscle LA Circulation 1 Ventilation ;& %
CO, Syst. Art. Expired
Vv
Yeo, L/\_/ L/U\J \/ \icoz )
E;LT’CE@HF A E;LT’CTWHF
- DR -

® Obstruction UEE=

® Heart disease
i@ ® Restriction PR

HERt ® Obesity b gl
= Loronary yxd,

=S s @ Airflow
zE-= obstruction - Myocardiaf,\jj| ¢ e Chestwall 22
- Valvulaty, g * Infiltrative 323t
®* Anemia
\ =
HZE e Occlusion ® Thromboemboli  [ft4 4122
=[ME e Hypertension ® Vasculits  [ME&E%
IC=2ERE . Vasoreg.ulatory ®q° Pulmonqry kS E
7 asthenia hypertension

Roland Nebel — SiegReha September, 2017
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Determinants of Peak VO2: the Fick Equation_ —
IRERAENRERZE: FickGTzE =

SIEG PHYSIO-SPORT

. B .
. Cardiomyopathies
g;rsn;x:ngzgi L Pa0, Skeletal muscle
N .
SR Valvular Heart Diseases kA D E dySfunCtlon
SE/BEZa K= IR S Hemoglobin BRAINESE
Drugs Conditioning MmaER Capillary
5L B -
3T Sao, density
Genetic factors
MERMNE | EMMEZRE
RIEER -
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General Mechanisms of Exercise Limitation.........
\o,.~

Pulmonary Jf

= Ventilatory &S

= Respiratory muscle dysfunction [

AN A THEERERS
= Impaired gas exchange
= SERRZIR
Cardiovascular O\IE
= Reduced stroke volume
BE=RED
= Abnormal HR response
INE:d=d- g,
= (Circulatory abnormality
BUHARARE

= Blood abnormality M&S%E

e Peripheral 4}E
= Inactivity &L
= Atrophy ZE43
= Neuromuscular dysfunction
HZ AR THEERERS
= Reduced oxidative capacity of
skeletal muscle
FEAELEDRD
» MalnutritionE A~ B
e Perceptual Ei
e Motivational &p#l

e Environmental #fi&

CR — how to assess exercise capacity

Roland Nebel — SiegReha
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CPET/ CPX/ SpiroergometrYI ErgOSPirometl‘Y SIEGREHA  SIEG PHYSIO-SPORT
LIRS RN DI AR /D FiSERR LS / PR B E [ DT aelhid

symptom-limited exercise test

o FERBRFIMEIETONI

e measures airflow/ ventilation, O,-
consumption, CO,-production,
SpO, or PO,

- MESKIRMER. EFE. Stk
=E. IEWMESEEDE

e allows calculation of peak oxygen
consumption, (an-)aerobic
thresholds VT1 and VT2

- AFTRIEERSE, )FaEER

SHE1AESH2

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Overview: CPET Measurements o

L LY —— ol SIS A SIEG REHA 3 SIEG PHYSIO-SPORT
Zrid: ILEmIEENINEENN = -
e

- work T{E
- VO, IREE
- VCO, —FitixHitE

R BRASMEE
SpO, MEIBFE
Art. blood gas [;RS

- VT1, VT2, (VT3) @S, - lactate ZLE&
BEW2 ((BSR3) « CP L\l

e HR IHZE
- ECG I
- BP ME

dyspnea 0K B ¥
leg fatigue BEERIESS

R

exercise capacity Roland Nebel — SiegReha September, 2017



Indications for CPET o

SIEG REHA SIEG PHYSIO-SPORT

ICNBRT BE 1038 L FiE =
—————

e Evaluation of dyspnea [0} FEMAYIE(L
e Distinguish cardiac vs pulmonary vs peripheral limitation vs other X% /C\EvsHfivs4t & R filvs E fth
» Detection of exercise-induced bronchoconstriction #MEEHIEAE LTS EWYE

= Detection of exertional desaturation #= H 4 ES IMAE

Cardiac and Pulmonary rehabilitation O\ffiEE
= Exercise intensity and prescription EnEEFILL
= Response to participation N#HEZE5HKRMN
* Pre-op evaluation and risk stratification FRiT4#1X k&5 2%

Prognostication of life expectancy (VO,-slope at AT, ...)

Tt EF e CaAHBES SERBETANGRE,...)

Disability determination (occupational medicine) 5%J&:ME (AR ES)
Fitness evaluation  f2EEi¥{h

(Diagnosis)  (i2H#f)

Assess response to therapy iF{& X1 3877 80& L

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



Mortallty in CHF Patients (pre-beta- blocker era)

SEONRBBEFHIELE  (FIPZE RRHATHHL)
e —

e Nixon et al, NEJM 1992

- ERNF, (MRB=EZFEHRE) 1992iF
e 109 patients with CHF for 8 yrs from CPET

- RIBOMINEEGENNE, 109 T B EMONRIBNESE

= Peak VO, >81% predicted 83% survival
» B EREE >81% FN{E 83% HE#FE

» Peak VO, 59-81% predicted 51% survival

»  IEEREE 59-81% FE 51%4 73

» Peak VO, <59% predicted 28% survival
» EEREE <59% FlE 28% A7

Mancini et al, Circulation 1991

B&5E4%, CirculationZé, 1991
» Peak VO, >14 ml/kg/min:
»  BEIRSEE > 14 ml/kg/min

= 1-yr survival 94% 2-yr survival 84%

» 1FEEFE 9% QELETFER 84%

» Peak VO, <14 ml/kg/min:

- IFEREE <14 mi/kg/min:

= 1-yr survival 47% 2-yr survival 32% 1FE4%FE 47% 2FEAFERI2%
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Prognosis - Cardiac Transplant Evaluation

?ﬁjl a - IL:\HE*%*E -qu1E SIEG REHA\./SIEG PHYSIO-SPORT
B

Group 1: Peak VO2 <
14 ml/kg/min,
<O Group 1 transplanted

& Croup 2 P
A Group 3 H1: IBEER=<14 ml/

; 100 kg/min, B8
=
z Group 2: Peak VO2 >
e 14 ml/kg/min,
= 50 transplant deferred
=
3 H2: IBEREZ>14 ml/
kg/min, F1EH#IR
0 Group 3: Peak VO2 <
0 6 12 18 24 14 ml/kg/min, not
Duration of fO”OW-up, mo transp|ant candidates
Survival f ted ( 1) and rejected ( 3) A3 IEERAE14
urvival curves for groups accepted (group 1) and rejected (group : < E A
for transplant are similar but are significantly reduced compared with ml/kg/mln;i—ﬁﬁfﬂfjj&
group 2 (P <0.001). The numbers in parentheses are the number of *Eﬂ%LA

patients remaining at each point in the survival analysis.

Mancini et al 1991
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Weber — classifiation for CHF .

% 1E -! E'Elt’\ jj %'ﬁ% ﬁ # SIEG RfHA\VSIEC PHYSIO-SPORT
e

1B IR B E NN 5 2

K =y
X rERE Er EPN T (A }
EADIHEE

MFERRE

MEER|FE

MHEEIEE
o8
FETE
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Lactate Threshold .

SIEG REHA SIEG PHYSIO-SPORT

ZLEZ R {E =
—————

The lactate Lactate Curve

measurement shows the ZLEe R 2%
sudden increase in

lactate
\:.
AN E R RF F
|E_l

il
RANIE

r
>"§;
VaS
_H
ol/L)

e N & oo o

150 200 225 %0 218 300 450
Power (Watts)
geE (F4)

September, 2017
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Determination of VAT1 from panel 5(V-Slope metl

}A g 5 [yIJJ L-E 9‘6% —" Iﬁﬂ 1 (V S I O pe I£ ) SIEG REHA\/SIEC PHYSIO-SPORT
LSS

8 4.0rllljlfl1IIllll'llTl
a - N
5 300 / :
| 305‘ ‘ /S
A= u .
g 2.0 / -
~ - -
- N Sl/ _
~ |.0F /-'/ -
S - -
(&) Oop/llllxlllllllLLLlnl_‘

I 0O 1O 2.0 30 40

Vo, (L/min-STPD)
IBE 8

—51
gl
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Ventilatory Equivalents for 02 and CO2 -~
S5 s1tmBsE=

\Ud

e Ventilatory equivalent for carbon dioxide = Minute ventilation / VCO,

“HAMAmNBSSE=0RSRE —SftRHIEE
= Efficiency of ventilation
BSWE
= Liters of ventilation to eliminate 1 liter of CO,
BEILAFHEEA AT Z & i
e \/entilatory equivalent for oxygen = Minute ventilation / VO,

FABSOE=-BoBESRE BE=
= Liters of ventilation per liter of oxygen uptake

BRBIAARSFZE/LATTHIESE

September, 2017
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Determination of VT1/VT2 from panel 6 (also: ventd&i,;gﬂgmyglgpts
MEIGMEVTIVT2 (AK: BSEHE

—————
VT1 VT2

s ESH 1 ESK 2
Bl Al / |
SN voe
o VE/VO,
“ VEero second slope
#E2
A PETCO,
(i)
= |
o« Deerdiae 4 >
6 . . I‘ v T T T .
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Normal Exercise Tldal Flow-Volume Loops S

SIEG REHA SIEG PHYSIO-SPORT

—— .u.a. = S ®
1 Bj]ﬁﬂ _l.uzl‘f; *' 23% -
Young adult age 30 years Oider adult age 70 years
Max VO, = 42 mLfkgimin Max VO, = 43 mL/kg/min
ViV = 0.12 VNV, = 028
10 - PaO,=92mmHg - .= Pa0, =84 mm Hg
EY PaC0, =34 mm Hy PaC0, =34 mm Hp
B - o, V=86 Limin - V=88 Limin
el | Vo= 14 Limin | V =32 Limin
T 4] .
3l
g ? 1 .
= 0 . a ‘ —
w 5 0 TLC 7 186 RV 2 1
-2 - ".‘. : - :
4 - -
.‘ T ™ e i
8 - -
-10 - -
Volume (L) Volume(L) AJRCCM 2003
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Wasserman’s 9-Panel Plot
Wasserman 9E 9

SIEG REHA

0N
SIEG PHYSIO-SPORT
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CPET Interpretation
I EMIZEN TN EE NIz %13

0\
SIEG REHA SIEG PHYSIO-SPORT
\Ud

Peak VO, HRR BR AT/VO,max A-a Diff
BEREE OXRMEE BNRARE ATEBERSEE AaZED

Normal >80% <15%
IEE

Heart disease <80% <15%
DA 9

Pulm vasc disease <80%  <15%
fifnl I B R A

Pulm mech disease <80% >15%
IR EER S

Deconditioning <80% >15%
EENEMA

>30%

>30%

>30%

<30%

>30%

>40%

<40%

<40%

>40%

>40%

normal
EE

normal
IEE

increased
2

increased
=

normal

IE®
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S umma ry Of C P ET SIEG REHA/.\SIEC PHYSIO-SPORT
IDETIEENINEENIN B 45 =

e Cardiopulmonary measurements obtained at rest may not estimate functional capacity
reliably

o EMRBEEREAVO AT £ R BE T A I St S 1T TN RE 1L RE S

e CPET includes the measurement of expired oxygen and carbon dioxide

o DFEEIINEEMH B SN T HNES M Z e E

e the Borg scale is a validated instrument for measurement of perceptual responses

« BorgERE—THEURIEANEN KRNI R

e CPET is essential in pre-op evaluation and risk stratification, prognostication of life
expectancy, therapy control (medication, devices like CRT) and disability determination

o LENGENINREMNAEARBITHMERM XD R . FllFas. a7 iE6(Z51), REFESIXFNER
B)NARENE S EEREERN
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“"Normal” Values .

s SIEC REHA SIEG PHYSIO-SPORT
“E%"{E -

TABLE 17. SUGGESTED NORMAL GUIDELINES FOR INTERPRETATION OF CARDIOPULMONARY
EXERCISE TESTING RESULTS' il i R TN E I 45 SR A 2 I 2 45 R

Variables ZF& Criteria of Normality = 2547 &
Vo;max or Vopeak  BEESXEHIERERRE = 84% preclicted
Anaerobic threshold  TTEBRE = 40% Vo,max predicted; wide range of nommal (40-80%)
Heart rate (HR) 2= HRmax = 90% age predicted
Heart rate reserve (HRR) — /OFRfiEE HRR < 15 beats/min
Blood pressure  mmE < 220/90
0z pulse (Vos/HR) MEHE (BEEINE) > 80%
Ventilatory reserve (VR) -z hEs MWW = Vemax: = 11 L or Vemax/MVV x 100: < 85%.
HawE
o Wicle nommal range: 72 + 15%

Respiratory frequency (fr) LRUCZES < 60 breaths/min
VilVeo, (at AT) Z&EMARBSYEE (EX&EW ) < 34
Vo/\r A T8 TR < 0.28; < 0.30 for age > 40 years
Pao, HBKEDE = &0 mm Hg
P(A-2)0; < 35 mm Hg

AR E DS

=

Am | Respir Crit Care Med Vol 167. pp 211-277, 2003
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“Typical” Response Patterns on CPET ﬁd
(S ENTHEEN 2 B S8 B s s =
ST

M= .. ISMEPHE |gEY AER¥ EENER
DAIRE  [hhss fhim A

INRIER
m&pkis

BEMEE

/_/\

BoBESE/5Ai%

FEIBFRE

R E D EE
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ApproaCh to InterprEtation Of CPET SIECREHA/.\SIECPHYSIO—SPORT
OISR EENR AR »

-
American Thoracic Society/
American College of Chest Physicians

ATS/ACCP Statement on Cardiopulmonary
Exercise Testing

This JoiNt StATEMENT OF THE AMERICAN THorAcic Sociery (ATS) axp 1HE AMERICAN CoLLEGE oF CHEsT PHysicians (ACCP)
Was ADOPIED BY THE ATS Boarp or Direcrors, Marcu 1, 2002 Anp ey 1HE ACCP Heavtn Science Poricy COMMITTEE,
Novemeer 1, 2001
e Is the exercise capacity normal?
S Ao —
BINEENIEE A7

= peak VO,, max work rate
BEREE, RALERER
e Is the cardiovascular response normal?
N 2 T 1E B 4.2
= HRvs VO,, O, pulse, anaerobic threshold, VO, vs work rate
DR vs REE, MEKE, TERE, BEE vs TR
e Is the ventilatory response normal?
WS RNIEEA?
= V/MVWV, max RR, PaCO,
BoBSE/HEANBRE, ANRMES, skl —aSthkoE
= Is gas exchange normal? S{AIRIEEA?
Vp/V+, Vg/VCO,, Pal,, P(A-a) O,, SpO,
FIBERRNE BoBRE/_SNMREIEE, lkEDE, MEsIkEDEE
& B E

7’

CR — how to assess exercise capacity Roland Nebel — SiegReha September, 2017



