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Cardiopulmonary exercise testing (CPET) -
Kardiopulmonar yuk testi
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ABSTRACT

Cardiopulmonary exercise testing (CPET) has become an
Imvaluable tool in healthcare, improving the diagnosis of
disease and the quality, efficacy, assessment and safety of
treatment across a range of pathologies. CPET's superior
ability to measure the global exercise response of the
respiratory, cardiovascular and skeletal muscle systems
simultaneously in a time and cost-efficient manner has
led to the application of CPET in a range of settings from
diagnosis of disease to prepperative assessment. The
Association for Respiratory Technology and Physiology
Statement on Cardiopulmaonary Exercise Testing 2021
provides the practitioner and scientist with an outstanding
resource to support and enhance practice, from equipment
to testing to leadership, helping them defiver a quality
assured service for the benefit of all patient groups.

» This statement outlines the katest best practice guid-
ance for the perormance of cardiopulmonary exer-
cise testing (CPET) within a healthears environment.

» Recommendations are provided on how to under-
take CPET salely, to quality assured standards and
using the mos! suilable reference values avaiiable
for the interpretation of results.

do not allow for objective measurement of
himctional c.'l;‘ml:ilf.'_"' Treadmill-based stress
electrocardiography  provides an  indirect
assessment of functional capacity but has
been shown to be poorly tolerated by elderly

B e | e B S e T Lt LSS

Adapted from the American Thoracic Society and
American College of Chest Physicians.

CPET istifadasi G¢cln gostarislor

Tongnafasliyin sobabinin miioyyonlasdirilmasi
Urak-damar xastaliklorinin qiymotlondirilmasi
Tonoffiis xastaliklorinin qiymoatlondirilmasi
omoliyyat oncasi miiayind

Fiziki masqlorin dozalanmasi

OIlilliyin qiymatlondirilmasi

Fiziki yiiks toleranthgimin qiymatlondirilmasi.

https://bmjope
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obstruction - Myocardial ® Chestwall
- Valvular * |nfiltrative
®* Anemia
® Occlusion * Thromboemboli

* Hypertension
® \Vasoregulatory
asthenia

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

American

Heart
Association.

® Vasculitis
® 1° Pulmonary
hypertension

Copyright @ American Heart Association, Inc. All rights reserved.




CENTRAL ILLUSTRATION: System Contributors of Reduced Functional and \
Exercise Capacity in Patients With Heart Failure

Reduced Pulmonary Reserve Reduced Cardiac Reserve

 Impaired Pulmonary Vasodilation and

Vascular Recruitment (Exercise-Induced PH)
« Systolic Dysfunction
» Ventilation-Perfusion Mismatch

* 10, Alveolar Diffusion
« Capillary Stress Failure
» Pulmonary Congestion

« Functional Mitral Regurgitation
« Ventricular Diastolic Dysfunction

« Left Atrial Dysfunction

» Abnormal Ventilatory Reserve

* §Respiratory Muscle Work » Chronotropic Incompetence
- Altered Mechanics (Reduced Lung e o
Compliance) « Ventriculo-Arterial Uncoupling U C Zamanl fu n kS 101N

» Abnormal Ventilatory Regulation

. fiziki is (exercise capa
« Peripheral Vascular Dysfunction : StrTE:E;ﬂ;:EZ::::;aht[es ° l ° e o l
- Endothelial Dysfunction -4 Intermiscular Fai qabl lyyatlnlll aZa ma

(¥Vasodilation/4Vasoconstriction)
» Slow Blood Flow Kinetics
+ Reduced Capillary Red Blood Cell Flux

« §Skeletal Muscle Mass

* Fiber Type Shift Sababla l‘i

 Functional Abnormalities
» Mitochondrial Dysfunction
» Biochemical Changes
- }Oxidative Capacity
= Microcirculation Abnormalities

» Anemia/lron Deficiency
¢ Obesity
« Nutritional Factors (Unhealthy Diet)

« Impaired Autonomic Regulation « Autonomic Adaptations

* $Metaboreflex

Other Contributing Factors Skeletal Muscle Dysfunction

Del Buono, M.G. et al. J Am Coll Cardiol. 2019;73(17):2209-25.




Table 3 American College of Cardiology/American Heart Association guidelines for

cardiopulmonary exercise testing

Class Indication

[ (indicated) 1 Evaluation of exercise capacity and response to treatment in
patients with heart failure who are being considered for heart

transplantation

2 Assistance in the differentiation of cardiac versus pulmonary
limitations as a cause of exercise-induced dyspnoea or impaired

exercise capacity when the cause is uncertain

[Ia (good supportive Evaluation of exercise capacity when indicated for medical reasons
evidence) in patients for whom the estimates of exercise capacity from exercise

test time or work rate are unreliable

[Ib (weak supportive 1 Evaluation of the patient's response to specific therapeutic
evidence) interventions in which improvement of exercise tolerance is an

important goal or end point

2 Determination of the intensity for exercise training as part of

comprehensive cardiac rehabilitation

III (not indicated) Routine use to evaluate exercise capacity

> Albouaini, K., Egred, M., & Alahmar, A. (2007). Cardiopulmonary exercise testing and its
application. Heart, 93(10), 1285. https://doi.org/10.1136/hrt.2007.12155



KPYT (CPET) ilo hansi parametrlor
olculs bilar?



CPET zamam alinan naticalar U¢ parametrin
olculmasi il9 hesablanir:

- 02 istehlaki (VO2)
- Karbon gazinmin xaric olunmasi (VCQO2)
- Ventilyasiya (VE)

Alman naticalor orqanizmin fiziki yiik zamam gaz
miibadilasinin miixtslif xiisusiyyatlorini toyin etmoyos imkan
Verir.




American Thoracic Society/
American College of Chest Physicians

ATS/ACCP Statement on Cardiopulmonary
Exercise Testing

THis JOINT STATEMENT OF THE AMER

was avorten v me ATS Boawo o \AJOrK rate — yerina yetirilmis yiikiin hacmi (Watt-la)

MNoveMmeer 1, 2001

Metabolik gaz miibadilasi gostoricilori:
TABLE 10. MEASUREMENTS C

Measurements O2 istehlaki (VOZ2) vo CO2 istehsal (VCO2)

féf%ﬁ'{f';; exchange Respiratory exchange ratio - Tanoffiis miibadils nisbati -
v:ntiﬁ:z? : h (RER:VCOZ/VOZ)

Pulmonary gas exchange

e Ventilyasiya gostaricilori: SpO2, VE , VT, tonaffiis say1 (RR),

Detmton arawrevations: Gs A yentilyasiya ekvivalentlari O2 (VE/VO2) vo CO2 (VE/VCO2).

fr = respiratory frequency; HR = hea
dioxide pressure; Pa;, = arterial oxyge

2., - anerl oygen sawraton; Sp., « — Urok-damar géstaricilori: O2 pulse, UVS, EKQ-da ST

Ve = minute ventilation; Vo/VtT = ra

wh - work ate. Adapted by permiss— gequmentindoki doyisikliklor va gan tazyiqinin geyri-invaziv
monitorlanmasi



Table 2 Normal cardiopulmonary exercise testing variables

Variables Normal value

Peak oxygen content (PVo3) >84% Predicted

Ventilatory anaerobic threshold (VAT) >40% PVo, (40-80%)

Maximum heart rate (HRmax) >90% Age predicted

Heart rate reserve (HRR) <15 Beats/min

Blood pressure (BP) <220/90

O, pulse (Vo,/HR) >80%

Ventilatory reserve (VR) MVV-VEmax >11 litres or VEmax/MVV x
100 <85%

Respiratory rate (RR) <60 Breaths/min

Minute ventilation/carbon dioxide output ratio <34

(VE/Vco,) at VAT

—_____J

MVV, maximal voluntary ventilation; VE, expired ventilation.

o  Gostoricilarin doyismasi klinik naticalorin

Adapted from ATS/ACCP Statement on Cardiopulmonary Exercise Testing.® piSlasmasi ilo alaqedardlr (m(.)rtal Ity1 morbldlty;
hospitalization, admission to ICU, length of hospital

stay)



Standart avadanhq

1 — AT monitoru;
2- maska, hacm sensoru va gas analizatoru;
3 -12-lead ECG;

4 - ergometr (veloergometr, tredmil, s.);
5 - puls oksimetr,

6- qas analizatoru;

7- nafas vo ECG gostaricilori ila displey.

https://www.researchgate.net/publication/356238804L ARTP_statement on_cardiopulmonal
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1 VO,peak

[=SV x HR x (a—v O, difference)]

1

Cardiac structure and function

* /1 plasma volume

= . cardiac afterload

« LV peak diastolic filling

¢ LV compliance

* LV ejection fraction

* J WV dimensions (remodeling)

Pulmonary function

« . Respiratory fatigue

* “ Ventilatory efficiency

+ 1 Lung diffusion capacity

« 1 Ventilation/perfusion
matching (4. dead space)

Muscle structure and function

* ™ mitochondrial content

1 oxygen utilization

™ type 1 aerobic fibers

1 time for lactate production
J time for oxygen extraction

i

L] L] - -

Vascular structure and function

4 vasodilatory function
< arterial resistance

4 blood flow distribution
1 capillarization

https://clinic
health-an




Vo, and Vco,

Peak VO?2 - Pik oksigen istehlaki

Gostoricilor yasa, cinsa, fiziki gabiliyyat
$AViyyasing, ¢akiya va xastaliyo goro COX dayis
Maximal VO2 yashlarda< 20 ml/kg/dagq; elit

idmancilarda >90.

Ventilatory >
threshold

Proqnozlasdirilan pik gostoricinin (Peak VO
>85%-nin alds olunmasi alverisli hesab olu

Urak catismazh Ucln 14 ml/kg/daq o
prognozu aks etdirir.

https://www.ccjm.



Ventilyasiya haddi
(Ventilatory threshold - VT)

Anaerob metabolizmin artdigi noqtadir. VE/VO, va Vco, ayrilorinin kasismasi

VT-da VOZ2 istehlaki saviyyasi maxVVO2
saviyyasinin 40-60% - ni taskil edir.

VE/VO,

VE/Vco,
Gostaricinin <40% olmasi fiziki yiiko

toleranthgin asagi olmasi va ya
patologiyadir.

VE/Vo,and VE/VCO,

Ventilatory
threshold




ATF ucun enerji monbayi

Aerobic Anaerobic
Glycolysis Glycolysis
Glycogen Glycogen

8

Glucose [ADP + PI Glucose |ADP + PI

Pyruvic acid

Sufficient
Oxygen

1

Pyruvic acid

Insufficient
Oxygen

!

[co, + H0|[ aTP ] [Lactic acid]




Aerob va anaerob metabolizm

Aerobic Metabolism

Carbohydrates

CgH120g + 602 —* BCO, + 6H.0 + 36ATP

(glucose) ' , |

RQ=1.0 Respirator miibadilo amsah
(RER)

Fats

CigH3202 + 230, —* 16C0Os + 16H-0 + 130ATP
|

(palmitate) l |
RQ =0.71

Anaerobic Metabolism

CeHi20s —* 2(pyruvic acid) —* 2 H* lactate + 2ATP
(glucose) (lactic acid)

H* lactate + Na*HCO;  —* Na* lactate + HoCOj3

H:CO3 — ™ COs + H20

https:/7/clinicalgate.com/cardiop
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The ventilatory equivalents for oxygen (VENVO2) and carbon dioxide (VENCO2) and their association with first
and second VT which form four training zones during an incremental CPET. VT ventilatory threshold, RCE:
respiratory compensation point.

doi: 10.1136/hrt.2007.121558


https://doi.org/10.1136%2Fhrt.2007.121558

Testin naticasing asason fordi masq zonalari

Exercise Heart Rate Zones

e =
150 o
T el
=
=n
&b
Zone HR [/min]
E: Top > 160
D: Development 148 - 160
C: Intensive Endurance 123 - 148
B: Extensive Endurance 122 - 123

miidyyan olunur

------- 1.8

v [km/h]

82-B:6
?1-0 e B-2
6.4 - 7.0

519.- 595
344 - 519

246 - 344

¥ [km/h]

Please adapt the above given heart rate values to the sport activity being performed by adding or
subtracting the following beats per minute:

=10 for Cycling, -5 for Walking, -20 for Swimming.




Elevated

VE/VVCO2 slope (mailliyr)

Normal

Ventilyasiya hacmi / CO2 xaric olunme
(I/daq)

Ventilyasiyanin effektivliyini aks etdi
Normada 25-30 I/daq - 1 litr CO2 (g
Gostoricinin artmasi ventilyasiyanin
samorasizliyini (ventilyasiya-perfuziya
uygunsuzlugunu) aks etdirir

>34 1/daq klinik cohatdon shamiyyatli
hemodinamik iirak-agciyor xastaliyi
(iirok ¢catismazhgi, agciyor hiperte
AXOX) gostarir

Prg/content/84/2/161/tab-figures-data
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UVS pik gostaricisi (Peak HR) - pHR iimumiyyatls prognozlasdirilandan > 85% -
dlverisli hesab olunur - Yasdan, fitness saviyyasindon, BB- gobulundan asihdir - YUKUnN

tadrican artmasi il> xatti olaraq artmalidr
Ehtiyat UVS (HRR) - Xronotrop aktivliyi aks etdirir
(UVS max — sakitlik UVS) / (prognozl. UVS max - sakitlik UVS),

Norma > 80% beta-blokatorlarda olmadiqda; > 62% BB-qobulu zamani. Daha asagi
gostaricilor = xronotrop catismazliq

Heart rate recovery va ya UVS-nin barpas1 (HRR):
(UVS max ) — (UVS barpa dovrunin ilk dagigasinda)

HRR > 12 normadir

< 12-bltln populyasiyalar tGc¢tin anomal;

< 6 UC score sisteminda sarhad géstarici kimi gabul olunur
VO2 / work slope - Is vahidi G¢in oksigen istehlaki.
Normal doyar 10+1,5 ml/dag/watt-dur.

Veloergometriya ilo toyin olunur; asagi doyarlar iirak catismazhg: va ya KAX za
anaerob yukUin artmasim aks etdirir.



CPET-in vasitasilo UC-nin agirhq daracasi va
prognozunun giymdtlondirilmasi



\ L.

CPET NOTICOSI - SAGLAM 49-YASLI SOXS, BRUCE 46-YASLI XUC OLAN S9XS, NYHA 111 FS,
PROTOKOLU MODIFiKASIYA OLUNMUS BRUCE PROTOKOLU
< 3500 PVo, = 3500
E £ — Vo,
£ 3000 — ;g 3000 [~ - NEDn
S 2500 S 2500 —
< O
g 2000 z 2000 —
o c
= 1500 - _;_ 1500 — VA{‘ |
= £
= 1000~ S 1000 |- ‘v
o L = 500 PVo,
&' 500 iy A
7l I I I N I I I A [T ol __ | | L '
0 -1 O ] 2 3 4 5 ]
-2-101 23 4567123 4 D oy .
Rest Exercise Recovery es! xercise ecovery
Time (min) Time (min)
Vo, proqressiv xatti artma PVo2 of 14 ml/kg/min (4 MET),

Peak Vo, (PVo,) = 3.09 1/min. prognozlasdirilanin 42% (yas, cins va ¢akiya gora)



A new prognostic algorithm that is structured on a multiparametric decoding scrutiny
employing the stepwise introduction of PVo,, VE/VVCO, slope, and peak respiratory
exchange ratio (RER).

]_

["E" 2 '“";"9/ min [‘ﬁ-' 8 n:‘/ksf miﬁ] [m 8 m;':g/mm]
i - |
[ i ][ RER=1.15 ] fowpoii?s ][ ;E;Z;c%zs ][ ok
L[l?ﬂigh risk ] \-[ Very high risk ] \.[ Moderate risk J

The arrow indicates that patients with intermediate exercise capacity (ie, PVo, of >10 and
<18 ml/kg/min) and excessive ventilatory response (ie, VE/Vco, slope of >35) have a
total mortality rate that is comparable to that detected with a PVo, of <10 ml/kg/min
(whole population). (Adapted from Corra and Mezzani“'.)

https://www.ncbi.nl



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2000933/#ref31

Y Centro Cardiologicn CONTACT HOW TO REACHUS FIND ADOCTOR
Monzino

Research for care INTERNATIONAL OFFICE  ABOUT MONZIND CLINICAL ACTIVITIES PATIENT SERVICES RESEARCH DOCTORS & ALUMNI

MECKI Score: The Metabolic Exercise test data combined
with Cardiac and Kidney Indexes

The MECKI Score is an anonymous tool for calculating the risk of chronic systolic heart failure, created using data obtained from a

multicenter study based on over 2700 patients with an average follow up of more than 3 years. The tool is reserved exclusively for the

clinical support of treating physicians.

The MECKI Score project is continuously evolving and the registry currently includes more than 7500 patients with an average follow up of
more than 4 years. It constitutes a continuous source of data for scientific studies aimed at optimizing the study of the prognosis of

patients with heart failure.

In order not to generate alarmism, it is recommended to patients who want to use it to perform the online test always with their own

doctor, i.e. the general practitioner or the treating cardiologist, able to correctly interpret the result and its effects on therapies.

Centro Cardiologico Monzino is available to collaborate with the treating physician in the analysis of the MECKI Score results, by contacting



.:E@' Centro Cardiologico CONTACT HOW TOREACH US FIND ADOCTOR
. Monzino

Research for care INTERNATIONAL OFFICE ABOUT MONZIND CLINICAL ACTIVITIES ~PATIENT SERVICES RESEARCH DOCTORS & ALUMNI

PEAK V02 (%PRED] VE/NCO» (SLOPE]

15 35

HEMOGLOBIN(G/OL) NA, (MMOL/L)
12 135

LVEF (%) MDRD(ML/MINJ
35 56

23.00% risk of cardiovascular death or heart transplant within 2 years



CPET scoring system for patients with HF

Cardiopulmonary exercise testing scoring system for patients with heart failure

Variable Value
Ventilation/carbon dioxide (Ve/Vco,) slope =34

Heart rate recovery® =6 bpm
Oxygen uptake efficiency slope =14

Peak Vo, < 14 mUkg/min

Score = 15 points: annual mortality rate 12.2%; relative risk > 9 for transplant, left ventricular assist device, or cardiac death.
Score < 5 points: annual mortality rate 1.2%.
4a Maximum heart rate minus heart rate at 1 minute in recovery.

<b 2 points if on a beta-blocker.

https://www.ccjm.or

Points
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Abnormal General

Responses Selected Patterns
assocjated conditions
5
High VO,/HR Chronotropic
Low peak HR insufficiency )
™ -
Low Peak VO, and VT > lc"'-""{'a“"'!’
Low AVO,/ AWR Low stroke volume Pulmonary mpairment
Low VO,MHR > CHF \ vascular
disease :
High VENCO, Inefficient A y
High VD / tidal volume pulmonary p
Increased P{(A-a)O, gas exchange . COPD
y. > Ventilatory
Low breathing reserve Impairment
Dynamic hyperinflation 4
Reduced inspiratory flow  Vocal Cord Dysfunction
Erratic breathing pattern ~ Hyperventilation syndrome J
Early or absent VT _ O extraction
High C.0./ V0, Metabolic _ _ - | or utilization
Low VO, HR myopathy Autonomic dysfunction J Impairment

Abnormal HR or blood pressure

Balady G J et al. Circulation. 2010;122:191-225

~ American
‘ ’ Heart
Association. Copyright @ American Heart Association, Inc. All rights reserved.




Table 6 American Thoracic Society/American College of Chest Physicians: usual cardiopulmonary exercise

respomnse patterns

Heart Pulmonary
Measurement failure COPD ILD vascular disease Obesity Deconditioned
PVo, 1 1 l l l for actual, N 1
for ideal weight
VAT l N/ Norl | N Norl
l/indeterminate
Peak HR Variable, N L, N in mild 1 N /slightly | N /slightly | N /slightly 1
in mild
0, Pulse L Norl Norl L N 1
VE/MVV x 100 Norl T NorT N NorT
VE/Vco; at i T T N
VAT
VD /VAT T T T T N
Pao, N Variable 1 1 N/may T
P(A-a)o, Usually N Variable, usually T T May 1

T




EACPR/AHA Scientific Statement

Clinical Recommendations for Cardiopulmonary Exercise
Testing Data Assessment in Specific Patient Populations

Appendix 2.  Prognostic amd Diagnostic Stratification for Patients With Heart Failure

Primary CPX variables
N B - — o e A L T g L g R

son tandffiis CO2 tozyi

Rat systolic B8P respanse during exercise Aterad rhythim, ectopic fod, and or 5T segment changes during ET
ardlcer in reciveny: did not lead 1o tedt termination

Patient reason for test termination

Anging

_Inurpl-‘utlnn

# All variabies in green excellent prognoss in next 149 years {=90% ovent free)
— Maintasn medical managensent and retest w4 years
& Greater number of CPX and standard ET varables in rediyellowiorange mdicatve of progressively worse prognoss.
= Al CPX varables in redt nsk for magor adwerie event gctremely high in next 1-4 years (5008,
& Greater number of CPX and standard ET varcbles in rediyslicwlorange mdicative of increasing HF diseaso severty,
= Al CPX vanables in red: expect sgnificantly diminished cardiac outpet. elevated neurchormones, higher potential for secondary PH
» reater number of CPX and standard ET variables in redfellowl/orange warrants strong consideration of more aggressive medical managensent and

surgical cotions

(lirealion, 2012:126:2261-2374.1

End-tidal CO2 pres

Peak VO2
VE/VCO2 slope

EOV - exercise oscil
ventilation — hype
and hypopnea
ilo periodik t



CPET zamam fiziki yukloma tisullari:
tredmil va ya veloergometr?




Table 1 Exercise equipment: cycle ergometry vs treadmill

Variable

Cycle Treadmill

Peak oxygen content (PVo03)
Work rate measurement

Blood gas collection

Noise and artefacts

Safety

Weight bearing in obese subjects
Degree of leg muscle training

More appropriate for

Lower  Higher

Yes No

Easier = More difficult
Less More

Safer Less safe?
Less More

Less More

Patients Active normal subjects

Adapted from ATS/ACCP Statement on Cardiopulmonary Exercise Testing.
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Performance of Heart Failure Patients with Severely Reduced
Ejection Fraction during Cardiopulmonary Exercise Testing on
Treadmill and Cycle Ergometer; Similarities and Differences
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Abstract E:lci.Enm.nd.' I'i:a.ltux}'lqen :l:rl'uum:pl:im I:"l."ﬂ‘:]- mrasured Ery c:m:li.l:lp'ulmm\aqr eRETCsE
testing (CPET) is a significant predictor of mortality and future transplantation in heart faibure
patients with mml}- reduced sjection fraction (HFEF). ﬂ!-pu!m x!ul:l:.r evaluated the differenoes
in peak Y05 and other prognostic variables between treadmill and eycle CPETs in these paBients.
Methods: in this cross-over study design, thirty males with severe HEEF underwent CPET on both a
treadmill and a r}"dz ertpu'melm' within 2-5 dﬂ?‘l apart, and n:r:pm'lm'll CPET parameters betwmen
twor exercise test modalities were compared. Resuits: Peak VOn was 23.12% higher on the treadmill
than om cycle (2055 = 3.3 we. 1669 + 3,00, p < (KN, respectively). Minute ventilation to carbon
dicadde production (WE/ VOO, slope was not different between the two CPET maodes (p = 0330
There was o strong positive cormsation between the VE/VCUe slopes during treadmill and cydle
Ir-:lznﬁ ir =074 P 0001 ) VEATD: !lupc wis mot related to Pr\alr. :erpi.ral'm}r :x.l:h:mge ratico
(RER} in either modality (tresdmill, r= 0.13, p = 048; cycle, £ = 025, p = 0117). The RER level was
significantly higher on the cycle engometer (p < 0001} Conclusson: Peak VO; & higher on treadmill
than on q-ﬂeeqqm:m.-irr i severe HFcEF pnl:i.rrl.l:l. In addition, "-’E."‘I."C‘.'Jz :lnpe ms nol a mndal.i.{"!,r
dependent parameter and is not related to the patients’ effort durmg CPET.

Kevwords: cardiopulmonary exercise testing; heart failure; peak VO, treadmill; cvcle ergometer;
exercise st mode

1 Taibem s abd s

HFrEF pasiyentlords tredmil test zamani
Peak VO2 veloergometriya zamani alinan
naticodon daha yuksakdir.

VE/VVCOZ2-slope gostoricisi metodikadan va
pasiyentin sinaq zamani gostordiyi soydon asili
deyil.



Noatica

- CPET - orqanizmin fiziki is qabiliyyatinin (exercise capacity)
qiymatlondirilmasinin qizil standartidir

- HF xastalorin diagnostikasinda, simptomlarinin kamiyyatco
qiymatlondirilmasindd, riskin miidyyanlosdirilmasinda, proqnoz va

terapevtik miidaxilolorin miivoffoqiyyatinin qiymotlondirilmasindo muh
rol oynayir

- CPET gostoricilori ilo hesablama skalalari vo alqoritmlori xastaliyin
agiriliq doracasinin vo proqnozunun qiymotlondirilmasini asanlasdirir

- CPET naticalori qiymatlondirilorkan asagidakilar nazors alinmahdir

Veloergometriya yerino yetirilmis yiikiin hocmini (work rate) birbasa
hesablamaga imkan verir.

Tredmil sitnag1 zamam VO2-nin pik gastaricisi veloserqometrind
yuksokdir.
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