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Variavels estudadas - Valores de referéncia
e —

Objectivos:

- identificar as principais variaveis estudadas na PECP
- caracterizar as suas respostas normais durante a PECP

- discutir a seleccéo dos valores de referéncia
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Variavels estudadas

DEVICE/ANALYZER  PRIMARY DERIVED

VE/Veo,
VE/Vo,

Flow f, W, VE
Co, \I: PETCO,, Voo,
0— PeTd, Vo,

Work Raba

R.AT

peak Vo,
Q, pulsa

Ergomeder AV I AWR

Cuff ————— Blood Prassure

ECG Heart rate
—{ PQRST complexas Paltern changes

Oximater Spo, \ Approximate Sao,
P{s—a)o,
Arterial line Pao, P{a=-er)co, VoivT
or sampla Paca,
Hb, COHb
pH, lactate
Saaq,
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Variaveis estudadas (2)
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Variaveis estudadas (3)
——————

= @
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Parametros Metabolicos
—_—

®VO, max
@VCO,

@ limiar anaerobio
® RO e RER
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Consumo de O,

—————

e Individuo normal (repouso) = 250 mil/min
ou = 3.5 ml/min/Kg

(exercicio) ate = 4000 ml/min

e atleta = até 20 vezes o seu valor basal

(ATS / ACCP, 2003)

ESTeSL - HBD 05



Consumo Maximo de O,
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Relagédo VO, - Poténcia
-

normalmente o VO, aumenta quase linearmente
com 0 aumento da poténcia.
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Relagdo AVO, - APoténcia(2)
I ——————————
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Relagéo AVOE - APOténcia

valor normal (teste incremental progressivo)

8,5 -11 ml/min/watt (ATS/ACCP, 2003)
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Producao de CO,
e

Limiar Anaerobio
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Producao de Co,
T

V CO, OVE x (F. CO, - 0.0003)

0.20 I/min (indiv. saudavel em repouso)
VCO,
> 4 |/min (indiv. treinado exerc. max.)
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Limiar Anaerobio

-
AT (LA)

iIndicador do “ Inicio ” da acidose metabdlica
causada predominantemente pelo aumento da
concentracao do lactato arterial durante o
exercicio

(ATS / ACCP, 2003)
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Limiar Anaerobio

Gold Standard : determinacéao directa do lactato
(método invasivo)

Base das determinacdes nao invasivas :

® producao de CO, aumenta com tamponamento do lactato
pelo bicarbonato.

» andlise dos padrdes de VO,, VCO, e VE
V-SLOPE (mais popular)
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Limiar Anaerdbio — V-SLOPE

Vcoz
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Limiar Anaerobio — V-SLOPE Modificada
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vo,
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Equivalentes Ventilatorios

VE / VO, VE / VCO,

~N S

exprimem a ventilacao necessaria ao
consumo / eliminacao de 1 litro de O, / CO,
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Limiar Anaerobio — Equivalentes Ventilatorios

VE /VO, , VE/VCO,

» VE, \'/O2 e Q/CO2 fl linearmente até exercicio abaixo do LA

e acima do LA, \}CO2 M mais que VO , (V-SLOPE )

® Nno inicio: VE acompanhaVCO , (tampon. isocapnico )
(mas M em relacao ao VO ,)

» com 1 da poténcia VE M mais que VCO 5
(M ve 1vco,, J paco, e PETCO,)
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Limiar Anaerobio
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Limiar Anaerobio — valores normais
—_—

® 50 a 60 % do VO, max previsto
* 40 - 80% (grande variacao da normalidade)

e inferior a 40 % possivel limitacao cardiaca,
pulmonar, ou outra alteracao no aporte ou
utilizacao de O,

(ATS / ACCP, 2003)
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Parametros Ventilatorios
—_—

@volume minuto
® reserva ventilatoria

® VT/IC
® curvas débito-volume
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Parametros Ventilatorios

e
eaumenta para manter pressoes arteriais de O, e CO,

einicialmente por aumento do VC (a custa de VRE e
VR) e

contracgo dos d|m|nU|(;ao da CRF
mUsculos expiratorios
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Parametros Ventilatorios

R ———————
® volume corrente e capacidade inspiratoria

VT/ I C (Wasserman et al. 1999)

e VT (exercicio) — raramente excede 75% da CPT
(basal)

e FR (normal no pico do exercicio): < 60/min

(ATS / ACCP, 2003)
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Volume minuto - individuo normal
e

e exerciclo leve e moderado

® njveis elevados de exercicio  (>60% vo,MAX)
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Volume-minuto ( VE )
R ———————

normal: 5a 10 L/min

exercicio: > 100 L/min (individuo normal )
> 200 L/min ( atleta )
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Capacidade Ventilatoria

—_—m o
Maxima Ventilacao Voluntaria (MVV)

edirecto:
MVV (L/min) =MVV em12s x5

sindirecto:
MVV (L/min) = FEV1 x 40
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Reserva Ventilatoria (BR)
———————

® (VE,4ix / MVV ) x 100
(ind. normal até ~ 50% ; lim. inferior da normalidade — 15 %)

e MVV — VEmax ( normal > 11L/min)

(ATS / ACCP, 2003)
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Curvas de debito - volume




Trocas gasosas

*P(A-2)0O,

oVD/VT

* Pal,

e PaCoO,
*P(a—-ET)CO,
*VE/VO, e VE/NVCO,
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Gradiente Alvéolo-arterial de O,
—————

P(A-a)0,

e medida da eficiencia das trocas gasosas
do alvéolo para o capilar pulmonar

® mede a diferenca entre a PO, alveolar
iIdeal e a PO, arterial
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P(A'a)OZ
——————
e valor normal (repouso): ~ 6 mmHg (inf. a 10 mmHgQ)

¢ valor normal durante exercicio (max): ~ 20 mmHg

e Limite da normalidade: ~ 35 mmHg

e Calculo
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P(A'a)OZ
—_— —_—

A (Neimal) B (Obei) ¢ {Agstr )
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VD /VT

a partir da PaCO, e PEco,

VD / VT = (PaCO, - PECO,)/ PaCO,

(subtrair o espaco morto da peca bucal: 30 — 110 ml)

PI%COZ: P do gas alveolar e do espaco morto
expirado (mmHgQ)
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Espaco Morto
————

(EQUACAO BOHR)

VD(L) = VT(L) x (PaCO , — PECO,) — VDm (L)
PaCoO, B

PECO, = VCO,(L/min) X (PB — 47 mmHg)

VE (L/min)

m— PaC02 E NAO PETC02 (ATS / ACCP, 2003)
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VD/VT - resposta ao exercicio

——————
podem provocar modificacao da VD/VT:

e aumento VI —

e Broncodilatacéo induzida pelo exerciclo = aumento do

volume vias aéreas intrapulmonares (tb de conducéao)

e agravamento ligeiro das V/Q — aumenta VD/VT
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VD/VT - resposta ao TECP

e valor normal em repouso - 0.30 a 0.40

e valor normal no pico exercicio:
e jovens =<0.20

e adultos<40A=<0.28

e adultos>40A=<0.30

ATS / ACCP, 2003
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VD/VT
—

VA/Q mismatch

.=
A No
Jur 2 @

star W.R. ——
BYAr Adapt. Wasserman et al, 1999
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VD/VT - limitacoes

® Nao € sensivel nem especifica para as

doencas pulmonares (deve ser interpretada
cuidadosamente)

e muito afectada pelo padrao ventilatorio

(assim deve ser também considerado o volume de
espaco morto (valor absoluto)

ESTeSL - HBD 05



Equivalentes Ventilatorios

————— ——
A (Normat}
30—
VE
. — -
’;Vc:c&z{ ) 40 . ;
. 30 N>~
VE,. {—) 20 b
Q-
Adapt. Wasserman et al, 1999

valor normal no nadir

e VE/ VCOZ— 26 a 30 (|Im normal: 34) (ATS/ACCP, 2003)

» VE/VO, —22-27
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Equivalentes Ventilatorios

d

50

VE/ Vco, =) 40+

| 30

VE
Yo, (—) 20-
(0-

A (Normat)

B [Obs)

.

I‘.h-""l-
e e -

CRer, #V0) -

Wasserman et al, 1999

VE /VO, , VE/VCO, - avaliagao nao invasiva V/Q
nadir VE / VCO , — estima alteragoes V/Q

AT: VE / VO, , VE / VCO, Tl — hiperventilagdo ou 1l espaco
morto (V/Q)

Y medir PaCoO,
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Equilibrio Acido-base

lactato em repouso <1 mmol/l

e exercicio pesado: acidose metabdlica intensa

!

U bicarbonato e pH

fim do teste: 6 (+ 2) e 4I (+ 2,5)

| HCO5 e 1 lactacto (mmoln) -
2 minrec.: 8,4 (+2,5)

[ (Wasserman et al, 1999)
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Aumento do lactato e diminuicao do bicarbonato

La  (mEq./L)
([0 Very Heavy

Heavy

Moderate

PRI g -

24 HCO-; (mEq./L) Moderate
z2
Heavy

20

1]

I

Very Heavy
14 :
I5 III:. IIE- ill:I iIE. !II:I 3‘5 ‘Iu qIE. 5IIj

LT Time (min) Wasserman et al., 1999
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Parametros Cardiovasculares

e frequéncia e reserva cardiaca
e pulso de O,

e débito cardiaco

@ pressao arterial
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Frequéncia Cardiaca

e
e relacao quase linear com VO

e atingir FCmax (prevista) — indicador de
esforco maximo (ou quase) e portanto de
VO, max.
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Relacao entre FC e VO,
_— M- -

e normal:

relacao quase linear
H.R.

*-Normal INicio — por vezes n3o linear
—1 poténcia — quase linear

Vo,

adapt. Wasserman et al., 1999
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Frequéncia Cardiaca estimada
S ———————

mais usados:

210 — ( Idade x 0.65)

valores semelhantes até aos 40 anos

(ATS/IACCP, 2033)
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Reserva Cardiaca:
e

e Diferenca entre a frequéncia cardiaca maxima
prevista e a frequéncia maxima no exercicio

e Expressao do potencial aumento da FC no fim
de um teste de exercicio maximo
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Pulso de 0, (VO,/HR)

. Narmal
VO, /HRE /
Y
{S.V. X C(u—i}oa] . ~ "OAD
TR
_f:'"-'

| -— Increosing WR.—=
EXERCISE

Wasserman et al., 1999

REST

e valor normal: > 80 % (ATS/ACCP, 2003)
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Pulso de O,

VO,/FC= volume sistolico x C(a - v) O,

® estima volume sistélico (extraccao normal
de O,) (controverso)
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Débito Cardiaco (Q)

- melhor indice da performance cardiaca no exercicio

VO, e Q variam linearmente (individuos saudaveis)
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Q - Meétodo de Fick indirecto

——————
Q (I/min) =VCO , (ml/min)/ C(v —a)CO , (ml CO,/l sangue)

® PaCO, (nao estimar por PETCO,)
* PvCO, - rebreathing CO ,

|

e CO,> PACO, (7 —15%) (ref: PETCO,)
e1a2vezesvol corrente (1-31L)

e CO,—equilibrio entre saco e alveolo

e [ CO, | = capilar pulmonar

® PvCO, estimada pela curva dissoc. HD  wassemanetal, 1099
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VO, medido e C(a — v)O , estimado

Principio de Fick
e utiliza VO,

e pressuposto: C(a — v)O, aumento linear
(15 ml/dl)
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Pressao Arterial
e

Pressao arterial

e Sistolica aumenta com a poténcia
e Diastolica aumento inferior ou quase nulo
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Resposta normal
——————

naaas
S —

8!
| &

Normal changes from rest (A} after three minutes” exercise (B), and afier six minutes” exerdse (C). Note the upsloping 5T segments

BMJ, 2002

_[ ESTeSL - HBD 05




Valores de referéncia

SELECTED REFERENCE VALUES FOR MAXIMAL INCREMENTAL EXERCISE TEST

Variable Equations® SEE
Work rate, kpm/min 20.4 (ht) — 8.74(age) — 288(sex) — 1909 216
Vo, L/min 0.046(ht) — 0.021(age) — 0.62(sex) — 4.31 0.458
HR, beats/min 202 - 0.72(age) 10.3
O; pulse, mi/beat 0.28(ht) — 3.3(sex) — 26.7 28
Ve, L/min 26.3(VC) ~ 34 231
AT, L/min (Vo) 0.024(ht) — 0.0074(age) — 2.43 0.316

Definition of abbreviations: HR = Heart rate; SEE = standard error of estimate; Ve = minute ventilation; Vo, = oxygen uptake.
Adapted by permission from Reference 427.
* Sex, male, 0; femnale, 1; age, years; height (ht), centimeters.
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Valores de referéncia

— SELECTED REFERENCE VALUES FOR MAXIMAL —
INCREMENTAL CYCLE EXERCISE TEST
Variables e _Equations*
Vo,, mi/min, male W X [50.75 — 0.372 (A)]
Vo,;, ml/min, female (W + 43) x [22.78 ~ 0.17 (A)]
HR, beats/min 210 % 0.65 (A)
O, pulse, mi/beat Predicted Vo,max/predicted HRmax
Ve/MVY, % 72 + 15
AT, L/min (Vo,) > 40% Vo, pred

Definition of abbreviations: AT = Anaerobic threshold; HR = heart rate; Ve =
minute ventilation; Vo, = oxygen uptake.

Data from References 235, 533, and 210.

* Age (A): years; height (H): centimeters; weight (W), kilograms.

Predicted weight men: 0.79 X H -~ 60.7. Predicted weight women: 0.65 X
H — 42.8. When actual weight > predicted, the predicted weight should be used
in the equations. Wasserman and colleagues introduced new corrections factors
E{l 210), which have not yet been published in peer reviewed journals.

v
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Valores de Referéncia

—_—_— mm e e e e ———
VOZ_ Peak

sobrecarga ponderal — aumentar o VO, Peak
previsto em 6 ml/min por kg de peso acima do

previsto para o sujeito se for usado um
cicloergbmetro

® peso previsto:
homens: W =.79 x H - 60.7
mulheres: W = .65 x H—-42.8

e treadmill — multiplicar VO, Peak previsto por 1.11

—[ Wasserman et al., 1999
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Valores Normais

SUGHRESTED GUIDELINES FOR NORMAL MAXIMUM CARDIGPULMONARY

B EXERCISE VARIABLES DURING CYCLE ERGOMETRY TESTING IN ADULTS

Vo, Reaponaes

Vo,max = 84% predicted

Anagrobic threshold =>40% Vo max predicted

AVOAAWR =829 mL/'min/vy

Heart Response

D, puise >80%

Heart rate reserve (beatsimin] <15 bpm

Blood pressure = 220/90

Breath!ng Responses _ |

Breathing reserve VEmax/MVV =>75% MvW-Vemax >11 L

VTiVe <55

Frequency (breaths/min) < G0 brpm

Fulmonary Gas Exchange (Peak Values)

VENCO, at anaerobic threshald =d4

VDT <0.28

Fla-ET)CQ, < (]

Paa, =80 mm Hg

Pa-a)0, <35 mmHg

Data from multiple sources

E! ESTeSL - HBD 05 Wasserman et al., 1999




SUGGESTED NORMAL GUIDELINES FOR INTERPRETATION OF CARDIOPULMONARY
EXERCISE TESTING RESULTS*

Variables Criteria of Normality

Vo,max or Vo,peak > B4% predicted

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

Heart rate (HR) HRmax > 90% age predicted A

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

Blood pressure < 220/90

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

Ventilatory reserve (VR) MW — Vemax: = 11 L or Vemax/MWV X 100: < 85%.
Wide normal range: 72 = 15% 4

Respiratory frequency (fr) < 60 breaths/min

Ve/Vco; (at AT) < 34

Vo/Vr < 0.28; < 0.30 for age > 40 years

Pao, > 80 mm Hg

P{a-a)0; < 35 mm Hg

* Maximum or peak cardiopulmonary responses except for anaerobic threshold and Ve/Vco, at AT. ATSAARC, 2003

Wasserman et al., 1999
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Impossivel concluir com base nas
respostas individuais

Importante apreciar a evolucao
durante o teste

Questionar a adequacao dos valores
de referéncia
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