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Integ rovany kardiorespiraéné - i Cesky  HIGH PERFORMANCE ,'-C”ﬁ,' .".

R , ol'ympljsky S
metabolicky test (IKMT) e FRUGRAM

Spiroergometrie + EKG
Impedancni kardiografie
Laktatove testy
Arterialni saturace O2
Svalova saturace O2
Vysetreni krevnich plynd

Kola Ergoline, Lode, Wattbike, Cylus 2
Béhatko klasické + Woodway

Airbike — horni + dolni koncetiny
Padlovaci trenazer

Veslarsky trenazér

Rumpal - parasport
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Priklad vystupu z IKMT
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vTl

1 2 3 4 5 6 7 8 MAX
Cas [min] 00:07 04:55 10:52 16:54 22:54 29:00 34:55 39:33 38:59
Rychlost [km/h] 0.0 10.0 12.0 14.0 16.0 18.0 20.0 220 220
Elev [%] 0 1 1 1 1 1 1 1 1
HR [1/min] 55 104 122 126 146 163 181 191 191
Lac [mmoll] 1.5 1.5 1.6 2.0 1.9 29 4.9 9.6
V'O2/kg [(miminykg] 113 276 354 385 474 523 614 623 63.4
V'o2 [ml/min] 882 2150 2761 3005 3698 4082 4792 4861 4948
V'CO2 [ml/min] 750 2023 2608 2835 3609 4131 5165 5750 5765
RER 0.85 0.94 0.94 0.94 0.98 1.01 1.08 1.18 1.16
VE [I/min] 25 59 69 78 96 117 156 192 184
BF [1/min] 21 31 31 36 31 39 42 54 50
VTex m 12 1.9 22 22 3.1 3.0 3.7 3.5 3.7
VTex%VC [%] 16 25 30 30 41 41 50 48 50
EE [keal’lh] 257 641 825 898 1113 1239 1475 1530 1552
CHO [keallh] 125 515 673 730 1023
CHO [a/h] 30 123 161 175 245
CHO E% [%] 49 80 82 81 92
FAT [keallh] 115 110 136 152 74
FAT [o/min]  0.20 0.19 0.24 0.27 0.13
FAT E% [%] 45 17 16 17 7
Sp0o2 %] 98 96 97 9% 95 95 94 94 94
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(ml/min) /kg
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Otazky co si ( vetsinou) nekladete omoiski pROGRAM

Centrum Sportovni Mediciny

Jaky test pouziji — vybaveni, protokol, cil testu, provedeni apod?
Jak to je s aerobnim a anaerobnim prahem a tréninkovymi intenzitami?

Je VO2max opravdu maximalni? Je odpocaty, hypoglykémie, jaka je
motivace?

Jak vysetrit kajakare/veslare/rychlobruslarku/sjezdarku/skimo/vrhace?

N



Jak to je s terminologii AP/ANP?
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Blood Lactate Concentration

Low Intensity
Training Training
Aerobic-Anaerobic
Transition

Aerobic Threshold

~

I
Moderate/High-Intensity E Interval
Training

Anaerobic
Threshold

Work Intensity

Figure 1, Oxygen concentration and lactate
production

%3 VO ; max
Reproduced from Richardson et al,, 19
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’With respect to the concept of
the ““anaerobic’’ threshold, these
data demonstrate that, during
incremental exercise, skeletal
muscle cells do not become
anaerobic as lactate levels
suddenly rise, as intracellular pO2
is well preserved at a constant
level, even at maximal exercise’’

The other hypothesis assumes that the formation of lactic acid during the

short work periods is reduced to a minimum. This would mean that the
liberation of energy during the initial phase (0.5 min) of a work of 2,160

kpm/min could take place practically aerobically. This conflicts with earlier
assumptions but seems nevertheless to give the most probable explanation
for the experimental findings related bere. Oxygen transport by the blood to
the muscles during work is both absolutely and relatively less during the short
work periods; if in spite of this the work is aerobic, this must depend upon

the amount of oxygen which the muscles dispose of at the very moment when
the work is started. The oxygen bound to myohemoglobin and to hemoglobin
in the muscles and the amount which comes to the muscles with the blood
during the 0.5 min of work must be the prerequisite for this aerobic work.

Astrand, Acta Phys Scand. 1960. 48. 448-453
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Ktery prah mate na mysli D civies ot PERFORMANCE "-'-""' ?"
Nomenklatura Biologie — 14 definic
Aerobni prah (AE)
Anaerobni prah (ANP)
Lactate treshold (LT) A | e g
Onset of blood lactate accummulation ( g N e
OBLA)
Maximal lactate steady state (MLSS)
Lactate Balance Point (LBP) s
Respiratory Compensation Point ( RCP)

Ventilatory Threshold (VT)
Kriticka rychlost ( CS)
Lactate turnpoint ( LTP)

Jamnick, PlosOne, 13, 0199794, 2018
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Anaerobni prah 4mml/l ( Mader 1985) — netrénovani studenti VS

Ani jeden vysledek na 4mmol a jeste jen pri 5 min protokolu
SD OdChylka +/ O 8 ,mnnorxhcwmonu te Threshokd Int, J. Sports Med. 6 (1985) 119

O . hﬁ" 2 Individual and mean values, standard deviations of maximal lactate steady stete from conunuous exercise 18sts, and corresponding
. 68 /O A N P La C 3 2 — 4 8 nnning speeds and heart rases The lactate valyes of both graded exercise tests are presenied in columns D and E and the corrasponding run-
I I ping speeds in column 8
el 4 —~
O ' A 8 c 0 E
o 9 5 /O A N P La C 2 4— 5 6 Constant work lasd Stepflse ifrease
I I ;
Max. lactate Work load Meart J-min swep §-min step
steady state frequency LA LA
[mmol/i} (m/s| {min'1) (mmol/l) (mmel/1)
-3 £.40 178 3.60 370
3.05 450 178 2.90 3.00
5.52 440 173 4.24 5.00
— 4.43 3,70 165 435 5.20
- 459 3.80 190 3.00 3.15
4.00 350 157 4.00 433
L am 540 184 3.30 L
5.09 3,20 185 350 85
| 3.74 430 183 240 s0
389 270 159 412 455
4.75 4.20 187 415 505
4.00 3.30 170 3.20 1%
3.19 4.10 160 3.85 a4
3.50 5.50 184 3.55 L
an 4.10 172 250 3
b 3.66 5.40 184 3.35 3
Fig. 17 Hoart rate and lactate concentration in continuous exercise 4021 4218 1755 3.501 4053
tests with fiva differant speads by subject H.C. 0.7032 0.8611 10.74 0.6027 08809
= e =




ANP — CPT model — RCP/VT2 B i PO | [ 517 -

Spiroergometrie Wasserman 1969

EEBEEEEE

kﬂ,gé

Narust VE na konci zateze

Funguje ale jen pro rychlé testy
(ramp)

V cca 25% neni vubec patrny
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Meni definice AP/ANP/LT/VT na N .
jednu univerzalni MT1 — MT2 A wr | o [ lo s |

> Science
Zones

Z2b Supramaximal

Popis intenzit je smerovany k

obecnému modelu a jde do = .
pozadi biologicka podstata

Vice je to smérovano k intenzitam . Seeerr e | paces

Near max to max Physical
Activity
Very light Moderate Very vigorous
e ngrz g Terminolog
Ight (F lnght) Some wh th rd (Modest) (H hard  to m

10- 'l1 13- 14 15 16 17 18- 19 20
Resr Etm/ywk Smewht asy, Moderate Smewhthd/ Very \/y yhd/

A pouziti v realném svete sportu a i @ i e
Z é t éi e g 0.5:1 2 3 46 7-8 89 10
Navrat Borgovy skaly a

vnimaneého usili R
Bishop, MSSSE, Nov 2025 J

Subjective
> Intensity
Descriptors

N
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prahy?

maximum

unkcéni kontinuum

pred. rest AT Max.Load
0:01:00  0:28:50 04110
- 10,0 18,0 22,0
176 - - -
327 0,99 4,54 532
3,60 0,78 4,05 5,69
43,6 13,2 60,5 71,0
- 0,78 0,89 1,07
187,15 24,09 107,22 173,85
33 37 34 49
2,99 0,65 313 3,54
- 87 43 7
300 1357 2008
78 876 1993
207 466 -
. 14,9 14,1 15,8
FETCO2 48 59 55

Cas
Rychlost
Elev

HR

Lac
V'02/kg
V'02
V'cO2
RER

V'E

BF

VTex
VTex%VC
EE

CHO
CHO
CHO E%
FAT
FAT
FAT E%
Sp02

[min]

[km/h]

[%]

[1/min]
[mmol/]
[(mI/min)/kg]
[ml/min]
[ml/min]

[I/min]
[1/min]
Ul

[%]
[kecal/h]
[kcal/h]
la/h]
[%]
[keal/h]
[a/min]
[%]

[%]

00:07
0.0

55
15
1.3
882
750
0.85
25
21
12
16
257
125
30
49
115
0.20
45
98

04:55
10.0

104
1.5
27.6
2150
2023
0.94
59
31
1.9
25
641
515
123
80
110
0.19
17
96

10:52
12.0

122
16
354
2761
2608
0.94
69
31
22
30
825
673
161
82
136
0.24
16

97

16:54
14.0

126
20
385
3005
2835
0.94
78
36
22
30
898
730
175
81
152
0.27
17
96

22:54
16.0

146
19
47.4
3698
3609
0.98
96
31
31
41
1113
1023
245
92
74
0.13
7
95

29:00
18.0

163
29
52.3
4082
4131
1.01
17
39
3.0
41
1239

95

34:55
20.0

181
49
61.4
4792
5165
1.08
156
42
37
50
1475

94

39:33
220

191
96
62.3
4861
5750
1.18
192
54
35
48
1530

94

MAX

38:59
220

191

63.4
4948
5765
1.16
184
50
37
50
1552

94

[]
N
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Zatezi indukovana obstrukce laryngu
(EILO)

Symptom intensity

Breathlessness and wheeze Breathlessness and wheeze

Dif. dg. vs. EIB ( puvodne zatézové

astma)

* Inspiratory stridor * Inspiratory and
expi oms

® Throat tightness

® Chest tightness
¢ Inhalers (3 agonists)

do not wogk * Cough following

Localisation and
symptom quality

Terapie — rehabilitace + logopedie

* Discuss diagnosis, impact on performance
© Mitigate environmental triggers

© Improve laryngeal hygiene

* Manage co-morbidities (allergy, EIB, reflux)

Program za podpory HPP COV - ; i
centralizace péce do CSM, vytvoreni ]

(anticholinergics)

doporucenych postupll a metodik

N



Podivejte se nam na negj, novy

Stybar...
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Ergometer type: Bicycle ergometer

Metabolic Rate pred. BMR = 1614 kCal’24h

Parameters Unit Pred. Max

Load w 275 340

HR 1/min 204 192

V02 mi/min 3083 4730

VO2kg mi/min/k 541 83,0

VO2HR mib 151 249

VC0o2 mi/min 4007 4556

RER 0,97

VE Ymin 1445 160,5

BF 1/min 654

BPsys mmHg 217

BPdia mmHg 166

BR % -11,0

VE/NCO2 40,7

HRR 1/min 12
Slopes AER

VCO2/VO2 slope 0,86

Oxygen Uptake Efficiency Slope
delta VO2 / delta Watt
‘ delta HR / delta VO2

% Pred.
124

94

183

153
165
114

m

at VT
145
144
223
39,0
15,7
1793
0,81
486
218
167

66,4
282

Male 16 years 570 kg 179,0 cm ID

Born: 30.07.2008 BMI: 17,79

VT1 2223 ml/min VT1 determined manually in the Ventiation graph Date of test:
VT2 3441 ml/min VT2 determined menually in the Ventiation grapt 10.01.2025 10:28:44

VO2peak 4730 mUmin | 83,0 mikg/min | pred. 3083 mi/min, 153% | Aerobic capacity: Superior

% Max atVvm2 % Max

43 255 75

75 178 93

47 3441 3

47 60,4 73

63 194 78

39 3060 67

83 0,89 92

30 916 §7

33 4.2 63

7 217 100

28 166 100

-602 36,6 -332

69 292 72

500 26 219
SUM
4004

10,791 mi/min/Watt
28,171 bpm/(I/min)

Aerobni prah - Ventilacni prah 1

168 tf/ min
187 watt
FAT MAX zdna maximalniho spalovani tuku

Anaerobni prah - Ventilacni prah 2

175 tf/ min
252 watt
Hranice udrZitelného maxima. Délka udrZeni i opakovatelnost zavisi na fenotypu cyklisty.

Dechové funkce

Maximalni ventilace

152 litrd za minutu v maximu

Vyuzitelny objem/ Tial volume

2.2 litry

Dechova frekvence/ Respiratory frequency
69 dech( za minutu

Kardiovascularni funkce
VO2max

78.3 ml’kg/min

196 tf/min

Kosterni sval

326 watt maximum na konci testu
SMO2-prutok kysliku ve svalové tkani- V % O2
100% 02 je maximum a 0% O2 je minimum
7.8 % O2 minimum v pracujicim svalu

12.4 % O 2 minimum v nepracujicim svalu

h Y
N2
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V02 [limin] VCOZ2 [I/min] ErgO1 VE [imin] PW]
4,040 T 4607325
33133 [N salo
o P A T nr f k ETi 2
2,T+3F46m w Sofk e ﬂ 71 217
207 #gps | ; 867163
LA Y
1.376.1 531108
0,7 ‘/7\" ”\\vj V w 27154
Cas [[min]
M5 70 140 20 28,0 B

s ETGOT .
X.,sz"{mm] VCOZ [limin] VE [imin] . IHli‘EI{-'l_nyn

Ergo2
HF[1/min] AF [1imin] vif  FETO2[y
220798 T 61
190175 5 ‘/_=.n 17
o
1den f""'_wnl _( ll& A1
160158 A 4016
o gt LA A "Uu' Al i
1\J\.' 4' |U '|U| II I( \&U I5
| { II [ —
1{{,__%95 e /r«CC,J.v Py v o
1051 ¥ \ 0113
0 Cas [[min]
% 7.0 140 210 280 s
Neprlma kalorimetrie _
35‘? b’yjl -P[W]  HF[1/min] CHO[I::IJ’h] _T!E E'Eﬂl;z‘ll]fll]l]
2714981 " 16671667
EA P it J '\ﬂ‘r—/‘/ 4999
T 1468 R I -3 33311333
| | ||'
il f lL\||I V- '\” { --—}mn:ua
\ Uy J
1081486~ —|,!.' +-7 T & B tilT}
o i //\ \
54 ?O'C vy vy \ 3333
/ = L
0 / \" AV s o Cas [min] |,
00 70 14,0 210 28,0 350

AT Max.zatéZ Max/Ref. AT/Ref Zotav.

“‘." .
33432 : = 4331190
17127 T ot s AR | 407-1160
Wiy ALY

e i ko110
oAV -

lvoztwe< 4,93
orfv M M 27470
00 Las [[min] | ,,
60 70 140 210 260 B

Ref. Klid

- 0:01:00

21 140

3,58 2,37

184 140

2,64 1,87

2,91 1,43

- M7

- 0,77

85,84 42,77

35 21

3,14 2,05

- 549

118

416

71

0:24:20  0:30:40 - - 0:32:40
260 300 142% 123% 25
4,41 5,08 142% 123% 0,42
184 196 107% 100% 141
2,95 3,30 125% 112% 1,33
3,16 3,91 135% 109% 1,99
50,1 56,0 - - 22,5
1,07 1,18 - - 1,50

106,67 146,85 171% 124% 67,84
43 61 172% 137% 38
2,20 2,41 7% 70% 1,79
1128 1647 - - 1101
1113 1632 - 68% 1086
28 0 54

Delta VO2/Watt nerealna

. budto spatne O2 senzor nebo
chlapec se zasadni poruchou
biomechaniky

Chlapec trénoval ,pouze” 5 tis km/rok

Pristroj byl od firmy co vime, ze ma
problemy s kvalitou a druhy pristroj
nemel servis vice nez rok

V Ve

... nutnost znat fyziologii a neverit
pristr ﬁum Vzdy nutna kontrola
vysled

,
N2
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Pasma tepové frekvence Pasma tepové frekvence
: 14.4 200 00
: AT ARCP
: o
: 10.8 150 00
E L R Y SR S deeeeme 72 £ T 100 s
S | | g £ :
= : : > = .
505—— —————————————————— i---——-——--—--—i ------- 3.6 50
(Pu:lnT 777777777 02:00 o400 o E:u-u ________ ﬁﬂ:‘lnﬁ _____ 0.0 Go:00 03:00 06:00 09:00 12:00
Cas Cas
Pdsmo TF [/min] v [km/h] V'02 [L/min] Pasmo TF [/min] WR [W] V'02 [L/min]
E: Maximalni intenzita zatéze > 195 > 11,5 > 2,59 E: Maximalni intenzita zatéze >172 > 371 > 3,68
D: Rozvoj 189 - 195 10,7 - 11,5 2,40 - 2,59 D: Rozvoj 159 -172 284 - 371 2,95 - 3,68
C: Intenzivni vytrvalost 184 - 189 9,7 - 10,7 2,23-2,40 C: Intenzivni vytrvalost 146 - 159 207 - 284 2,44 - 2,95
B: Rozsahla vytrvalost 174 - 184 85-97 1,77 - 2,23 B: Rozsahla vytrvalost 117 - 146 80 - 207 1,44 - 2,44
A: Kompenzace <174 < 8,5 < 1,77 A: Kompenzace <117 < 80 < 1,44

N,
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CPET je metoda, ktera nam umozni ,videt a pochopit” kardiorespiracne
- metabolické reakce na fyzicky stres

Maximalni test nekdy ani nepotrebuji abych mél cil vysetreni ( stejne
témer nikdy nejde o realné maximum). Jde mi hlavneé o integrovany
pohled na (pato)fyziologické reakce vysetrovaneho

Integrace fyziologie, klinického pohledu, pohledu sportovni vedy a
sportovni praxe je klicova. Potom CPET systém dokazeme opravdu
vyuzit na maximum

Iy
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