Harpy3o4yHoe TecTupoBaHue
C ra3oBbIM aHanNM3oMm

BblbIXaeMOro Bo3ayxa
(3procnnMpomeTpus)



LIENWV MPE3EHTALM

TepmunHonoruga
[TaTodunsmonormns
[lpoBegeHue TecTa
[lpeaoctaBneHne OaHHbIX
[loka3aTtenu nccnegoBaHUS
XCH

Peabunutauuga



CARDIO-PULMONARY
EXERCISE TEST (CPX)

* Ergospirometry
* Spiroergometry

« CepaeYHo-nerovYHbIn Harpy3o4dHbIn TeCT
(CIT)

o OpProcrnmMpomMeTpus
* CnnpoapromeTpus

* Harpyso4dHasa npoba c razoBbiM aHanM3om
BblbIXaeMOro Bo3ayxa



SAHEM HY>XEH CJIT?

«Bbl HUKOrAa He
Kynute noaep>XaHHblA
aBTOMOb6UMb, HE
NpoexaB Ha HEM U He
ybeansLumnch, Kak
paboTaeT ABurartesnsb
Ha xoay. To e camoe
KaCaeTCs N OLEHKN

dyHKUMN cepaua»

PobepT A. bptoc, MeanymHckas
LUKOMa BaWMHITOHCKOIO
YHuBepcuteTa, 1940-u roa



CEPAOEYHHO-COCYOAUCTAA
CUNCTEMA

Air sacs

Oxygen in l Carbon dioxide out

Trachea
Aorta
Pulmonary arteries

re Pulmonary veins




PACXOL NOTPEBITAEMOI'O O:
BO BPEMA HAI'PY3KW

Cepaue 4%
Koxa 11%
Hpyroe 2%
Moar 4%
[To4KK 3%
Mbiwubl 73%

KKT 3%

Weber KT, Janicki JS, eds.: Cardiopulmonary Exercise Testing:
Physiologic Principles and Clinical Applications. Philadelphia:WB Saunders,1986



OBECIEYHEHWE METABOJIMHECKUX
MOTPEBHOCTEMW MNMPU HATPY3KE

NeroyHas 0, fjn CO, CepaeyHbin BbIOpOC
Air sacs lm 4 — 6 n/MmvH
BEeHTUNAUMNA . .
(VE) ‘«“’A ':i. ' 5 - ::Irr:'nannary arteries U
ﬂ | no 20 n/muH
T B38-10 pa3

‘ JKCTpaKuma O,
' Body tissue 2504 > 70%

Weber KT, Janicki JS, eds.: Cardiopulmonary Exercise Testing:Physiologic Principles and Clinical Applications. Philadelphia:
WB Saunders,1986



IPIOCIMMPOMETPUNA

OOHOMOMEHTHAas ouUeHKa PyHKLUOHarnbHOro
COCTOSAHUS cepaevHO-CoCyaNCTOoM
CUCTEMbI, OblXaTENbHOWN CUCTEMBbI U
KneTo4yHoro metabonuama:

« CTeneHb HapyLLEHNA

* MecTo HapyweHun (cepaeyHo-cocygucTas
CUCTEMa, KPOBb, NErkne, MblLlLibl)

* [1lporHos

Wasserman K (ed) Principles of exercise testing and
interpretation. Lippincott Williams & Wilkins; 2011



[TOKASAHUA K
OPIOCINMMPOMETPUW

XpoHuyeckasn
cepaeyYHas
HeAoCTaTOYHOCTb

[JnarHos
TsxecTb
[MporHo3, oToop Ha
TpaHcnnaHtauuto (1 A)
AdhekT neveHus

OnddepeHunanbHbin gnarHos npu
oablwKe/ yTOMMSIEMOCTH

Xupyprus
Kapanoxupyprmsa

[NMokaszaHus K onepauyumn
OueHka 3dEKTUBHOCTH

Ctpatudukaums pucka

Peabvnutauus

JKcnepTn3a
TPyAOCNOCOOHOCTHU

U3yyeHne natoreHesa,
MeXaHU3MOB Nne4vyeOHbIX
BO34EeUCTBUA

lMpodeccuoHanbHbLIN U NOOUTENBLCKUN
CMoOpT, CNOPTUBHasA MeguLUHA

Wasserman K (ed) Principles of exercise testing and
interpretation. Lippincott Williams & Wilkins; 2011
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Spirograhensystem 210D from the company Dargatz, 1954 in KéIn Source: Gas exchange according to Atwater and Benedict 1900 in USA



OBOPYLOBAHWE OJ1A CIT
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[ PEFUCTPATOP KK |
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[MPOBEOEHWE TECTA

Tpeomun

- BRUCE

* Modified BRUCE

* Naughton
BenoapromeTtp

« 25 BT+25BT

* (Kaxable 2-3 MUHYThI)
« 50 BT+ 50 BT

* (Kaxnoble 2-3 MUHYThI)




YCHOBUA NMPABUJIBHOT O
[MPOBELEHWA TECTA

TpebyeTca agekBaTHas (00ObIYHO
exxeaHeBHas) KanmbpoBka 0bopyaoBaHMUS.

YyeT TemnepaTypbl, BNaXXHOCTH
nomMmeLlueHusa.

KoHanumoHnpoBaHne nomeLLeHus.

[IpaBUNbHbLIM pa3Mep Macku U NIOTHOE
npuneraHue.



RAMP-TEST (Pamn-TecT)
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[TpaBUIbHbIN BbIOOP NMPOTOKONAa
NOBbILLAET TOYHOCTb pacyeTa

25

20

15

<————— Bruce protocol

Measured VO, (mL/kg/min)

10

5 10 15 20 25

Estimated VO, (mL/kg/min)

Postgrad Med. 2010 Nov;122(6):68-86



OCTAHOBKA TECTA

* Kputepumn BbINOMHEHUA TeCTa — NMUMUTUPYIOLLMNE
CUMNTOMbI OAblLLKa NU/MNn yCcTanocTb,
Tpebylolne npekpalleHnst Harpy3kn («s
bonblle He Mory!y)

 Kputepumn 0OCpOYHOro npekpalleHna Tecta U
NPOTMBOMNOKa3aHNA cTaHOapTHbIe



KAK OMNPELENENTD,
NEVNCTBUTENBHO NN YCUNUE
EbINO 3HAYUTENBHbLIM?
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LLUKAJIA BOPT A

Bannbl Ycunue HCC
6 HeTt

7-8 OyeHb-04eHb criaboe

9-10 OueHb crnabeesy

11-12 [10BOSbHO C

13-14 bnunako K cu

15-16 CunbHoe (T4

1quHb CUnb '._ .' ‘ w-f’i'%f

19

OyeHb- oqu_




[lpeacTtaBneHne pe3ynbTaToB TECTa
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[lpeacTaBneHmne pes3ynbTaToB TECTA
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OCHOBHbIE NoKa3aTenu aprocnmpomeTpMM

200310231111300 SCHREIBER FABIAN  30.04.2003 14:50:01

Wasserman 1= VE/Lac f{t) Wasserman 2= 02-Puls/HF f{t) Wasserman 3= VY02/A/CO2 f{t)
VE [I/min] Lac[mmol/l] 02 pulse [ml/beat] HR [1/min] V02 [I/min] VCO2 [I/min]

160 1 AlT ,’\ MV '12 35" A '220 7.0‘ 7.0
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Wasserman 4= VE f(¥CO02) Wasserman 5= V-Slope Wasserman 6= EQ02/EQCO2 f(t)

VE [/min] VCO2 [I/min] HR [1/min] EQO2 N [%] EQCO2
1601 e P 7.0 it -220 60132 T 60
1331 . 190 50128 50
1071 4.71 160 404p4 40

801 1 ,_,pﬁ / M30 309204 &, 30

534 231 -100 20 - 20

271 1 70 10 \ 10
i VCO2 [I/min] e VO2 [ifmin] |, i Time [min]
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Wasserman 7= VT f(VE) Wasserman 8= RQ f{t) Wasserman 9= PETCO2/PETO2 f(t)
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61 = V ]n 1.8 Rt 140 7140 s 1407140
51 VCinax 1.61 1204120 1204120
41 1.41 100440 /T 1004100
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Measurement values at AT: -

Time [Load [HR |[RR |[VE [BR  |vco2 [v02 |02-Puls{Ra  |vO2ATiref [EQCO2 [EQO2 |VO2iky | Ret

0:08:40 323 182 394 9914 3161 4264 4370 2401 098 148% 2279 2224 6426 gL




OCHOBHbIE NoKa3aTenm 3procrnmMpoMeTpum

VO2 peak — nukosoe
noTpebrneHne Kkucrnopoaa
(n/MWH, MIN/MUH X Kr)

VCOZ2 - BblgeneHue
yrnekucnoro rasa (f/MvH, |
MIT/MWH X Kr)

VE — muHyTHas
NMeroyHasa BeHTUNAUnS
(n/MnH)

47!

VO2 [Ifmin]

VCO2 [fmin]

r7.0

5.8

b4, 7

3.5

x

2.3

+1.2

0.0

20.0

Al'l - notpebneHune
KMCNOpOoAa Ha YPOBHE
aHal3pobHoro rnopora
(n/MWH, MI/MUH X Kr)




OCHOBHbIE NoKa3aTenn 3procrnmpoMeTpun

RER (respiratory exchange ratio) — pasHuua mexay
BblablxaemMmbiM CO2 n BabixaembiM O2 — nokasaTenb
npuraraemoro ycunus

O2/nynbc — kucnopoaHsi nynsc (Mn O2/MCC) — oTpaxaeT
N3MEHEHNE yaapHOro obbLema

PetCO2 (partial pressure of end-tidal CO2) —
HanpskeHne COZ2 B KOHLUE Bblgoxa (MM PT.CT.) — OTpaXaeT
KoHUeHTpauuto CO2 B BblAbiIxaeMOM BO3ayXe

VE/MVV — oTHolleHe MakcumarnbHON MUHYTHOW BEHTURALUY
BO BpPeMs Harpy3ku K MakcumManbHOW rmpou3e0s1bHOL
BEHTUNSALUN



OCHOBHbIE NoKa3aTenn 3procrnmpoMeTpun

VE/NCO2 slope — adhdheKkTUBHOCTb BEHTUNALMN,
COOTHOLLIEHME BEHTUNALUKN 1 Nepdy3nn

OcunnnatTopHasa BEHTUMALIUSA — 0CcoBbIi OCLUNNIATOPHbIN

naTTepH BEHTUNALNKU, CBA3AHHbIN C NPOrHO30M Y NMaLneHTOB C
XCH

[TyNbCOKCUMETPUSA — HachlleHne kposu 02



[MTMKOBAA (MAKCUMAIJIBHARA)
PUSNHECKAA PABOTOCITIOCOBHOCTD

MNpenen 1 cepaeyHoro Mpegen akcTpakumm O,
BblOpoca

y (70-80%)
(COKpaTuTesbHbIN pe3eps)

" e

[penen pocta notpedbneHna O, — MakcumarbHasa dpusndeckas
PaboTOCNOCOOHOCTL




MakcumanbHaga vs. ['lnkosas

paboToCnoCcObHOCTL
A

’ 1.

3 AL

E Vo, .

&

s

(@)

B

: Peak VO, —— @ R

=

|

o

g |

>

S |

Exercise Intensity

Postgrad Med. 2010 Nov;122(6):68-86



DOn3nonorn4yecknit OTBET HaA HArpy3Ky

YpaesHeHUe DuKa

Resting VO, = C.0. X A-VO, Difference
Maximal Exercise VO, = C.0. X A-VO, Difference
= HR (2-3x resting) X SV (2x resting) X A-VO, Difference (3x resting)

CHuxkeHune VO, peak

obycroBneHo akTopamu e
HapyLlaroLwmmmn i
OOCTaBKy Kucrnopoaa g
nmbo "= ez
yTUnm3awmio Kkmcnopoga 015 i O bioos ATV 0.20 mk g cos

' Adolf Fick (1870)



OueHka dyHKUMOHAalbHbIX HAPYLLUEHUI

®yHKUNOHaNbHbIN Knacc

NoBcegHeBHas aKTUBHOCTb
BonpocHukn

TecTbl C 4O3UPOBaAHHOM
xoaboon (6-MuH)

Harpy3o4Hble TecTbl 6e3

ra3oBOro aHanmsa (MoLHOCTb U
BPEMSs1 Harpy3ku, BoIYMCIEHHOE
notpebnexune O, (MET)

Harpy3o4Hble TecThbl C
n3MmepeHueM noTpeodneHuns
OZpeak (An)

npu XCH

CybbeKkTUBHbIN METOM, HU3Kada Koppenauma ¢
VO,

CyObeKkTUBHbIN METOA, HU3Kas/yMepeHHas
koppensauus ¢ VO,

YMepeHHasa koppenauna c VO, . PesynbsraThl
3aBUCAT OT MOTUBALUMN, TPYOHO OLEHUTb
ycunue 0oSIbHOro

YmepeHHas BOCNpon3BOAMMOCTb,
BblYMCNEHHOe noTpebneHne O, MOXeT
npeBbiaTb UCTUHHOE

«30N0TOM CTaHAApPT» OLEHKU
TONEePaHTHOCTU K Harpys3kKe, BbICOKas
BOCNPOM3BOANMOCTb

Fleg JL et al. Circulation 2000,102:1591-1597, M.l lNonmasckas 2011



CBA3b VO2zpeak
N dYHKUMOHANBHBLIX BO3SMOXHOCTEW

BbigarowmMmca cCnopTcMeH 60-80

3ﬂ0pOBblﬁ 21-29
HEeTPEHUPOBAHHbDbIN

Knacc TsikecTb XCH VO, peak VO Makc. cepaeHbIn
2 2 MHAOEeKC
MI/MUH/Kr AT e
M/ MUH/Kr
A OTcyTcTBYyeT-nerkas >20 >14 > 8
B Jlerkasi-ymepeHHasn 16-20 11-14 6-8
C YMmepeHHas- 10-16 8-11 4-6

BblpaXeHHas

D Tskenas 6-10 5-8 <4

Weber KT, Janicki JS, eds.: Cardiopulmonary Exercise Testing:
Physiologic Principles and Clinical Applications. Philadelphia:WB Saunders,1986



®YHKLUMOHAJTbHbLIN KITACC — OLIEHKA
NI NBAMEPEHWE?

I e

11 N 1A

. |4 g
®K cooTB. VO, I —
(Weber KT et al.) vV e

IV 11 11 1

OueHeHHbIn PK (NYHA)

Patterson et al. Am J Cardiol 1972; 30



VO, IMHEMHO CBA3AH C PABOTOW

2000~
max VO, NHorga VO, nukoeoe
| onpeaenswT rno
150 1 1° neperocumocTn arpyskm B
e
BaTTaXx.
1000 1 100
BaTtTbl
500 1 50
0 — 1
-2 0 2 4 6 min.

JE Hansen et al, Am J Cardiol 1987 59,669-674



HAI'PY3KA HE OTPAXAET VOZ2

[1noxas kannbpoBka
apromeTpa

OXxunpeHune

VO,

KnanaHHasa natonorus
NBC

Kapgunomuonatug

[lepemexatoLlascs

CnopTcmeH

Hopma

PasHuua VO,

KapauwanbHasa
nartonorusi

XpomoTa

IlerouyHas rmnepTeH3uns

20 40 60 80 100 120
BartT



BEJIKA J11 OLUMBKA T1PU

12 -
10

METs

O N b~ O R

PACHETE?

10

Ao nocne
peabunutaumm peabunutauum

1MET = 3.5 Mn/MUH X Kr

B paccueTt

O cnupoaproMmerTpus
(namepeHue)

NepeoueHka Ha 38% oo peabunutauum n 93% nocne Hee

Milani RV et al. Am J Cardiol 1995:; 75



[MTPOMHOCTUHECKOE
SHAYEHWE VO,

VO, peak NMporHo3s Ha 1 roa
MI/MUH/Kr
<10 NMnoxown
(< 14* (MakcMmanbHasi CMepPTHOCTb)
B COYETaHUU C HU3KUM BbliCOKMn pnck «0onbLIMX»
CAL) XUPYPruyeckmnx onepaumn
10 - 18 MpomeXyTouHbIN
>18 Xopowun

*BKJIlOUAA NAUUEHTOB
C KJlanaHHbIMKN MOPOKaMMU

Gitt K et al in:Cardiopulmonary exercise testing
and cardiovascular health. Myers J et al. Ann Intern Med 1998;129:286-293

Editor Wasserman K 2002;Futura publ:63-77



MPOMHOCTUYECKOE 3HAYEHWE
VO, NP XCH

BbixknBaemocTb, %

100 7

50 A

Yoo,

>\< 70% (48%)

94%

VO,< 14 mn/muH/kr

47%

VO, < 14 mn/muH/Kr +
ConyTcTB. naTtonorus

18 24

>14 Mmn/MuH/Kr

——[pynna 1
= ["pynna 2
[pynna 3

MeCAL bl

pynna 1 -
TpaHCcnAaHTaumsa
3anJlaHnMpoBaHa

pynna 2 - B
TpaHcnaHTaumm He
HY>XAarTCs

pynna 3 - B
TpaHCn/1aHTauuu
OTKa3aHo

(He pasnuMyanucob
no BO3pacTy,
OB,
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OLIEHKA TTPOI'HOSA BOJIbHbIX OO
KAPOVNOPEABUJTMTAL NN

12169 myxunH: M,
AKLW, NBC

4-29 (7.9) net
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1336 cmepTeun ot IBC
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Prediction of Long-Term Prognosis in 12169 Men Referred for Cardiac Rehabilitation. T
Kavanagh et al. Circulation 2002; 106: 666-671.



Prediction of Long-Term Prognosis in 12 169 Men Referred
for Cardiac Rehabilitation

Terence Kavanagh, MD, FRCP(C); Donald J. Mertens, MD, MSc; Larry F. Hamm, PhD;
Joseph Beyene, PhD; Johanna Kennedy, RN; Paul Corey, PhD; Roy J. Shephard, MD, PhD

Background—Predicting the risk of cardiac and all-cause death in patients with established coronary heart disease is
important in counseling the individual and designing risk-stratified rehabilitation and secondary prevention programs.
Cox proportional hazards and Kaplan-Meier survival curves were thus completed on initial assessment data obtained
from patients referred to an outpatient cardiac rehabilitation center.

Methods and Results—A single-center prospective observational design took peak cardiorespiratory exercise test data for
12 169 male rehabilitation candidates aged 55.0%9.6 years (7096 myocardial infarctions [MIs], 3077 coronary artery

bypass grafts [CABQ F
(median, 7.9) yielded COHC]“S]OHS

all-cause death. We 1

powerful predictor off Whether a cardiac patient 1s referred for rehabilitation after
values of <15, 15to ]

and 039 for cardicc | MI, CABG, or the onset of IHD, the most important single

VOjts the only othd

A1l e Qe 3k, predictor of both cardiac and all-cause deaths is the Vozmk as
Conclusions—Exercise | meagured by cardiorespiratory testing.

prognosis in men af

(Circulation. 2002;16vro00=071)

Key Words: exercise m prognosis m coronary disease m survival

Previous authors have discussed the predictive value of cases of ischemic heart disease [IHD]), referred 13.4+3.9 wecks
exercise test data in subjects with established heart after the event.
disease. However, conclusions were generally based on




OUEHKA MNMPOIMHOS3A Y
XEHLWWH, BOJIbHbIX NBC

0.751
$
'E 0.50
7 Log Rank P = 0.0013
0.25
o'oo T | T T BB T
0 5 10 15 20 25

Follow-up (yrs)

Peak Oxygen Intake and Cardiac Mortality in Women Referred for Cardiac
Rehabilitation. T Kavanagh, et al. ] Am Coll Cardiol 2003; 42: 2139-43.



OPIOCI'MNMPOMETPUA —
OUEHKA ANMHAMWKU VO, peak

* YBernuyeHue
NepeHoCUMOCTH
Harpy3ok Ha 1%
CHMXXaeT CMEepPTHOCTb
oT UbC Ha 2%

* NameHeHne VO, peak
He3aBUCUMbIU
npeankTop
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Prognostic Value of Training Induced Change in Peak Exercise Capacity in Patients With Myocardial
Infarcts and Patients With Coronary Bypass Surgery. Vanhess L et al. Am J Cardiol 1995; 76: 1014-19.



BEHTUNATOPHbIV NMOPOI
(=aHa3poOHbIN Nopor)

MoOMEHT, Npn KOTOPOM BEHTUNALNS
Ha4YMHaeT pacTy HEMPOMNOPLIMOHANBHO
MPUPOCTY Harpys3KMu.

CBdA3aH C HakonneHnem B KpOBU JakTaTa
He 3aBUCUT OT MakcuUMaribHOro ycunus.

OTpa)xaeT NepeHOCUMOCTb NOBCEOHEBHbIX
Harpysok.

IMeeT NporHocTnyeckoe 3Ha4YeHue.



[TyTn kaTabonnama rmnoKo3bl

AHa3pPOOHLIN TMMUKONU3

noKo3a

3He|l)rm=| « » Ht

- NMupyBaT > NakTraT

----------

DI CQZ o H MuTtoxoHapumn
XUVpHbIe KUCIOThI y !
NS Avuetun Co-A A3pPOOHbLIN MUKONN3
AHMUWHOKUCNOTHI
\ - aneprun — [N
co Lukn
2 Kpebca

> H* —— TpaHcnopTHas ceTb



[TyTn kaTabonnama rroKo3bl

* A3pOOHBLIN

1 Monb rnoKo3bl — 36 Mmornb ATO

C;H,06+6 O, - 6 CO, + H,O + 2820 k[>x/mMonb.

e AHa3pOOHbLIN

1 Monb rMwKosbl — 2 Mosib AT® + 2 monb NakraTa
CeH,05 + 2 H,PO, + 2 A =2 C,HO; + 2 ATO + 2 H,0.




BbluncrneHme aHaspobHoro nopora
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Alessandro Mezzani Eropean Joumal of Preventive Cardlology 2013 20: 442



«Talk test» — cnocobHOCTb cCBODOAHO NoaaepXxmuBaTthb
Pa3roBOp CBUAETENBLCTBYET O TPEHNPOBKN HUXKE
aHa’pOobHOro nopora

‘] g
2 wz)’g‘ « BanuausmnpoBaH y CNOPTCMEHOB, 3A40POBbIX
< d‘%&* nobpoBonbLeB 1 6OMNbHbIX cepaeyHo-
3 e COCYANCTLIMM 3a60MeBaHNAMM
: -_»f"‘“" « MoXeT ncnonb3oBaTbCA NPU Pa3NUYHbIX

Buaax Harpy3oK Ha BbIHOCIUBOCTb
(Tpegmun, xoabba, ber, BENo3promMeTp,
anunc, crten)

 [1pocCT, He TpebyeT crneunansbHOro
obopynoBaHUs 1 nepcoHana
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Reed JL, Pipe AL. Curr Opin Cardiol.
2014,;29(5):475-80



RER — nokasaTtenb
npunaraemoro ycunums




RER — respiratory exchange ratio

ObixaTenbHbI KOIPPULMEHT - PasHnua mexay
BbliaensgemolM nerkumm CO2 1 notpedbnaemMbsim 02 3a1

MnH (RER = VCO2/VO2)

RQ NMoka3saTenb npunaraemMoro
1.8 AT ycunms

1.6 [Nokom RER < 1

1.4 Ha BbicoTe Harpy3kn RER =1

[octatoyHoe ycunne RER =
1,1 TUXEeHNne aHaspobHOoro
opora)

1.24

1.0

0.81

Time [min]
0.0 ' 4.0 - 8.0 ) 12.0 ' 16.0 ' 20.0




Breathing reserve (BR)

ObixaTenbHbln peseps (OP) — pasHuua mexay
MaKCUManbHOW NIEMOYHON BEHTUNALUMEN HA MUKE

Harpy3ku (VE) n makcumansHOM Npon3BOSIbHOM
BeHTUNAUMen (MVV, max voluntary ventilation),

% ot MVV, KOTOpbIX HE NCMONb3yeTCA Ha NUKe
Harpys3ku

0P =100 (MVV — VE) / MVV

Kak paccuutate MVV?



Breathing reserve (BR)

A MOC;:

DXEJ

Bpemna, C

MVV — makcumanbHbIM NOTOK BO34yxa 3a nepsble
12-15 cek Bblaoxa (B nokoe)

MVV = ODB1 x 35 (40)



Breathing reserve (BR)

VE [l/min] Lac[mmol/l]

160, 12
MVV

133+ +10

107 1 -8

80+ -6

§31+-+— 4

27 1 -2
Time [min

0.0 20.%

B Hopme MVV - VE =2 11 n;
0P = 20%



AP PEKTUBHOCTb NNEMOYHON BEHTUNALIUN

[1lporHocTn4eckas 3Ha4MMOCTb
OnpepeneHue

VE Taxénaa XCH 59,9

34
0 . 12 23 35 a7 sfavco2 Wmir;]fo H O p Ma 2 1 ! 5
VE/NCO2 VCO2

Metra M et al.Am J Cardiol 1992;70:622-628
Chua TP et al. J Am Coll Cardiol 1997;29:1585-1590



BeHTunaunoHHble aksuBaneHTbl no O2 n CO2

KonuuecTBo BO3ayxa, He06XoaMMoe Anst MOCTYNNEHUs B
oprannam 1 nutpa 02 (VE/NVO2) v Boinenenns 1 nutpa

coz2 (VE/VCO2)
EQO2 N [%] EQCO2
60132 AT 80
50428 50
40+24 LA0
30420 /ij\% .30
i - -

20416 / e . 20
10412 10
0 . . . v ' v v — Time [min] 0
0.0 4.0 8.0 12.0 16.0 ' 20.0




[lporHocTnyeckoe 3Ha4veHue
komoOuHauun All n adodpeKTMBHOCTU

BEHTUITALNA
1 — ANl = 1imn/kr/muH + VE/VCO, <34
ﬁ
0,9 -|_L|L
0.8 P<0,001
0
N
0,7
ANl <1imn/kr/MuvH
+ VE/VCO, > 34
0,6
0,5 T T 1
0 6 12 18 24

Ljum no: Wasserman K (ed) Cardiopulmonary exercise testing and
cardiovascular health. Armonk, NY: Futura; 2002:71



OAbllwka/cnabocTb Npu Harpyske:
anddepeHUmnanbHbli ANArHO3

BonesHu

-Nerknx:
O6CTpyKTMBHbIE ——
PecTpukTnBHbIE R

NHTepcTnumanbHbie
-FTPYAHON KJIETKWU [MaTonorma nero4YHbIX COCynoB:
T2J1A

JlerouHasa rmnepTeH3uns

e

Jlero4Hsbie
kposoo6pawenne CO2

NBC
XCH [
AHeMund
MaTonorus
CucremHoe nepupepnyeckmx
kposoo6pawenne C0O2 ek
4&%&%%%%%
O)xxupeHue S
MuonaTtua i
AeTpeHnpoBaHHOCTL Wasserman K (ed) Principles of exercise testing and

interpretation. Lippincott Williams & Wilkins; 2005, moduc.
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CPX Response Deconditioning Chronic Heart Pulmonary
Failure Disease
Peak VO, Decreased relative Decreased relative to Decreased
to age- and gender- age- and gender-matched relative to
matched standards standards age- and
< 10 mL/kg/min gender-matched
consistent with very standards
poor prognosis
vT Occurs early Occurs early Normal
relative to peak VO, relative to Peak VO, (40%—60%
(< 30% peak VO,) (< 30% peak YO,) peak VO,)
VO, /Work rate Normal Reduced Reduced
slope < 10 slope < 10
O, pulse Normal Decreased Normal
VE/VCO, slope Normal (20-30) High High
(30-60) (30-60)
Breathing reserve Normal Normal Decreased
O, sat (Assessed by Normal Normal Decreased
pulse oximetry or ABG)
EOB None Can be present Normal
PetCO, Normal Low Low
(3040 mm Hg)

VE/VO, slope




DpProcnmpomMeTpust B Kapgmnopeadbunuraumm

Muscle limitation

Peak VO,
<15 ml/kg/min.
(50 or 60% of pred) Central hemo-
yes o dynamic limitation

VO, @ AT
< 30% VO, predicted
et a—
[ N
no yes
| i\
Improve muscle = ;ove
mass and aerobic muscF:e s
capacity l
Combined:
moderate Rc;s; ;tlanngoe
reensc:itraar;oci/ high intensity
(1-BRM > 60%)

training

l

HRR < 30
beats/min
e
| -
yes no
/ \
Improve endothelial

Improve aerobic function, muscle
capacity perfusion and central
l hemodynamics

v

e::;::,:ze Steady state aerobic

training (low endltl\:a:cle ttralnllng or
g i integrva?t‘::lzlz
training) g




[loTeHumnanbHble NPUYNHLI
Heyga4yHbIX TECTOB

 TecT 0o4YeHb CUINBbHO 3aBUCUT OT MOTUBAaLUMUMU
nauneHTa — «a 9 MOr eLle», «a 4YTo, HY>XHO BbIno
oonbLUEe?».

« TecT 3aBUCUT OT NPaBUITBHOIO
MHCTPYKTUPOBAaHUSA NaumeHTa (yny4dLleHune
pesynbTaTa npu npaBuiibHOM 0by4YeHun).

« TecT TpyOooeMoK 1 Anga Bpava n naymeHTa —
obuiee Bpemsi Tecta 40-60 MUHYT.



[TlyTn pelleHuns

MoTuBauus

Pa3bacHeHue

Oby4yeHne — NpoOHbLIN TecT
OOHO 1 TOXE BpeMS TecTa

CobrnogeHne ycrioBmn NpoBeaeHns Tecta
(Npnem npenapaTos, NULLN, KYpeHue,
apyrve Harpyskiu)



[MTPABUJIBHAA MOTUBALINA
0O TECTA

I, i

EXERCISE

Some motivatio




