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VARIAVEI

* VO2 pico
VO2 no LA
VE/VCO?2 slope
Pulso de 02 (VO2/FC)
“Oxigen uptake efficiency slope” — OUES
Ventilacao periddica
Recuperacao da FC

Pet CO2 em repouso
“CPX score”
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2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

Exercise testing in patients with HF:
- is recommended as a part of the evaluation for heart transplantation and/or mechanical circulatory support

(cardiopulmonary exercise testing);
- should be considered to optimize prescription of exercise training (preferably cardiopulmonary exercise testing);

- should be considered to identify the cause of unexplained dyspnoea (cardiopulmonary exercise testing).

- may be considered to detect reversible myocardial ischaemia.
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Miocardiopatia Isquemica (IAM ha 60 dias)
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VO2

(ml/kg/m

in)

FC (bpm)

VO2/FC
(ml/bt)

Vel/incli
(Km/h
e%)

R

110
(92%)

10,1

5,1 km/h
0%

0,95

VO2 pico
(10:00)

120
(77% da
pred)

9,6
(74% do
pred)

5,3
km/h
1,0%

1,02
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> 0u = 20 MLk min

< 0mikg'min' e > ou = 15 mUkg! min

< 15mlkg"min" e > 10mUkg" min'




Capacidade funcional normal
VO2 > 85% do predito

CF reduzida leve
60% < VO2 < 85% do predito

CF reduzida moderada
40% < VO2 < 60% do predito

CF reduzida grave
VO2 < 40% do predito
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Peak VO, and VE/VCO, slope in patients with heart
failure: A prognostic comparison

Ross Arena, PhD, PT,* Jonathan Myers, PhD,” Syed Salman Aslam, MD." Elsa B. Varughese, MD,"” and
Mary Ann Peberdy, MD, FACC" Richmond, Va, and Palo Alto, Calif

Am Heart ] 2004:147:354-60
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n =448

CV = Classe Ventilatoria

CV-l = VE/VCO2 slope<29.9 n=144
CV-Il = VE/VCO2 slope 30 a 35.9 n=149
CV-1ll = VE/VCO2 slope 36 a 44.9 n=112
CV-IV=VE/VCO2 slope=245.0 n=46

Arena R et al

Circulation 2007;115 april 23
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LE2 Renato neste slide a idéia é s mostrar que diversos autores estudaram esta variavel, na realidade ndo pretendo parar muito nele.

Vc acha necessario dividi-lo?
Luiz Ritt; 6/7/2010



Ventilatory Efficiency and the Selection of Patients for Heart Transplantation
Antonio M. Ferrewra, Jean-Yves Tabet, Lutz Frankenstein, Marco Metra. Miguel Mendes.
Christian Zugck. Florence Beauvais and Alain Cohen-Solal
Circ Heart Fail 2010:3:378-386: originally published online February 22, 2010:
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Maximal exercise oxygen pulse as a predictor of mortality
among male veterans referred for exercise testing

Ricardo B. Oliveira®®, Jonathan Myers®, Claudio Gil S. Araujo®®,

Joshua Abella®, Sandra Mandic® and Victor Froelicher®

Eur J Cardiovasc Prev Rehabil 2009
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Re VO?2

Table 2. Cardiopulmonary Exercise Test Results in 55 Control Subjects and 153 Patients With Dilated Cardiomyopathy
o ' Patients With Dilated Cardiomyopathy

. Group | Group 2 Group 3
Control Subjects {peak Vo, {peak Vo, (peak Vo, -
=15 mi‘fmin =10 ml/min =10 ml/min p Vale
Young oid per ke) per ke) per kg)  Between Groups
(n = 30) (n = 25} (n = 79) in - 49) in— ) (by ANOVA)

Age (yr) o 25455 483 = 11.2° 46+ 11 534x 9 565 = 11544t < 0.0001
Duration of exercise (5} Lo 1,350 = 306 1,070 = 493 856 = lagt 619 % 1083 H5 = 1125 -2 0.000)
Rest heart rate (beatsimin 822+ 138 736 =96 %9+ 18 8319 O = 104.## - 0.0001
Peak heart rate (beats/min) 184017 157 £ 22¢ 157=24 137 + 268, 135 = 8% 51 < 0.0001
Recovery heart rate (beats/min) 12=159 105 £ 18 106 = 2.5 9 = 225 00184 10.009
Vo, at resi (ml/min) Ne=TT X4+ 70 Co2M2xT 183 + 75§ 787 0.005
Vo, at AT (ml/min) 1,708 = 733 1,444 + 643 930 = 353+ Ti3 = 20285 42> 145# 4 < 0.0001
Peak Vo, (ml/min) 2,798 + 863 2198 = B6S 1536 = 344 LOW £ 15833 631 = 1731100 < 00001
Peak Vo, (mi/min per kg) 416+99 A8 19630 B 88z 158550 < 0.0001
% predicted value Vo, 106 = 19.7 102 £ 152 644 £ 134 4761965 3377445 - (.0001
Peak RER : 12601 12+0.1 126 =613 125 082 1.3 =413 0.9
Peak VE (liters/min) 107 = 32 896+ 378 76.7 = 195 §87% 128 SLaz44E <1 9001
Peak VE/Vro, N4=58 Hi=xs ) x67F 4783 63 + 1@t S 00001
RVo. 51724 481 =28 29097 2= 0655 138 = U643 4 - (i
| pVo, (5) ) 677 265 89+ 39 108 = 446 PI+Sa78 16 = 54 ' < 04001
RT{5) . @B IFH L YA B Ry [ SIFET9 RRAJEN [ . L2128
RRT 352161 298 =228 1.7 = 067 127 £ 0461 095 =053RIT Y < (A
Vo, at RT (mi/min) - 35258 303 = 169 31 =110 198 = 6152 175 = 717 4§ < 0.0001
tRec (5) . 76.5 + 26.4 689 * 36 : 127+ 12 140 = 722 209 = 156# 5% : <:'o.nm1. _
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OUES

OXYGEN UPTAKE EFFICIENCY SLOPE
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Davies LC et al Eur Heart J 2006;27:684-90
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* PEt CO2 repouso

PrrCO;2:</>33 mmHg

Am Heart ] 2008;156:982-88




Recupera
area de VC

Peak VO =14

Peak V02 10.1-13.9

Peak V02 £10

Survival, %
3 3

Y

Followup, mo

Figure 1. Kaplan-Meier survival curves for peak oxygen uptake (Vo)
subgroups.

Hazard
Groups Ratio 95% Cl P Value

Peak \;’o2 =14 mL-kg"-min! 1 (Ref)

Peak Vo, 10.1-13.9 with

VeVco, = 34 or HRR, <16 1.81  1.07-3.05
Peak \;’02 10.1-13.9 mL-kg"-min” with

VeNVco, =34and HRR, <16 3.51  2.33-5.29  <.001

Peak \;’02 = 10 mL-kg"-min" 3.11 2.07-4.68  <.001

Abbreviations: \.r‘oi, oxygen uptake; V&/V'co, slope, minute ventilation/
carbon dioxide production (Vco,) slope; HRR,, heart rate recovery
at the first minute.

slope em

Z g
' i

Survival, %
2
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H

Followup, mo

Figure 2. Kaplan-Meier survival curves for peak oxygen uptake (Vo)

subgroups adding the minute ventilation—carbon dioxide production

(Ve/Veo,) slope and heart rate recovery at first minute (HRR, ) for

subjects in the intermediate range.

iA) Peak Vo, 14 mL-kg"-min.

(B} Peak Vo, 10.1-13.9 mL-kg-min"' and abnormal Ve'Vico, slope or
HRR,.

{C) Peak Vo, 410 mL-kg-min1.

(D) Peak Vo, 10.1-13.9 mL-kg "'min" and abnormal VeVco, slope
and HRR,.

Ritt LE, Oliveira RB, Myers J et al. JCRP 2012



A cardiopulmonary exercise testing score for predicting
outcomes in patients with heart failure

b - . b M .
Jonathan Myers , PhD,™” Ross Arena, PhD,  Frederick Dewey, BA,” Daniel Bensimhon, MD,
Tachia Ahaella MTY @ Toan Hen B  Danl rhace MEA d Marcn Caarzi MTY DhTy © and Mamr Ann Deheedss MTC

d

Circulation ﬁﬁ“;‘;’.‘-‘ia“

Heart Failure Associations

Validation of a Cardiopulmonary Exercise Test Score in Heart Failure
Jonathan Myers, Ricardo Oliveira, Frederick Dewey, Ross Arena, Marco Guazzi, Paul Chase,
Daniel Bensimhon, Mary Ann Peberdy, Euan Ashley, Erin West, Lawrence P. Cahalin and
Daniel E. Forman

Circ Heart Fail. 2013;,6:211-218; originally published online February 7, 2013;

doi: 10.1161/CIRCHEARTFAILURE.112.000073
Circulation: Heart Failure 1s published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX
75231

pontos
OUES - 3 pontos
PETCO2 - 3 pontos

VO2 - 2 pontos
Total: 20 pontos

Am Heart ] 2008;156:1177-83



ﬁdditiue prognosﬁf* 'I.l"IIi 15 i"‘l'F 3 f’“li“l'liﬁﬁiilf‘l"‘lﬁﬂ‘lﬂl ﬂVﬂff‘i{‘ﬂ tact crnra ii‘l
patients with hear

Luiz E. Ritt**, Jonatha
Daniel Bensimhon &', E

Age,y
Male sex, %(n)
BML, kg/m?

Medicatons £(n)
Beta-blocker

ACE inhibitor

Diuretic

Ejection fraction, %
MYHA class

Peak VOz, ml™" kg™ min™"
Peak RER

VE/VICO: slope

OUES

HER,, beats

Resting PerCO,, mm He
CPX summed soore
Combined Events, % (n)

#p < 0U05 versus Weber D.
* p = 0,05 versus Weber A
T p < 0,05 versus Weber B1.
¥ p < 0,05 versus Weber C.

Event - Free Survival (%)

100
1
ul Chase #
o B
*her C Weber D
990) (n262)
W_' * *
+ 13 59 + 13
¥ (688 2" BO% nanl"
+ 6.0 30+ 75
m—
L (678)" 73%(185)"
% (598)" 63%(165)"
| % (592)" 78%(174)*
0 + 142% 29 + 147"
+ 0.7 30 + 06"
D
1+ 16% 80 + 13"
- 0+ 014 1.08 + 017"
+ BT 44 4+ 13*
0 + 049" 107 + 044"
+ 11% 13 + 13
w0 + 47" 32 + 50°
+ 467 94 + 38"
T T T T T 5% (163)*F 35.9% (94)*F
0 10 20 30 40

International Journal of Cardiology 178 (2015) 262—-264




®Classe Weber B (VO2 15 — 20 ml/kg/min)
@®Reducao moderada capacidade funcional

@Classe ventilatoria IV
®@Recuperacao VO2 = 200" (VN <90 seg)

@®@Comportamento hemodinamico deprimido

@FC pico=120; FCrec 1= 114 bpm
(2 6 bpm; VN > 16 bpm)
@Score TCP: 18

@FC limiar =91 bpm e carga 2,4 Km/h




AHA Scientific Statement

Clinician’s Guide to Cardiopulmonary Exercise Testing
in Adults

A Scientific Statement From the American Heart Association

Gary 1. Balady, MDD, FAHA, Chair; Ross Arena, PhD, FAHA: Kathy Sietsema, MDY
Jomathan Myers, PhDD, FAHA: Lola Coke, RN, Phl); Cemld F. Fletcher, MD. FAHA;

Dianiel Forman, MD; Bapry Franklin, PhD, FAHA; Marco Guazzi, MD, PhDD; Martha Gulati, MDD
Stewven J. Keteyian, PhI); Carl I Lavie, MD; Richard Macko, MD:; Donna Mancini, M
Richard V. Milani, MD, FAHA; on behalf of the American Heart Association Exercise, Candiac
Rehabilitation, and Prevention Committee of the Council on Clinical Cardiclogy; Council on
Epidemiology and Prevention; Council on Peripberal Vascular Disease; and Interdisciplinary Council
on Quality of Care and Outcomes Fesearch

(Circulation. 20010;122:191-215.)

European Heart Journal Advance Access published September 5, 2012

European Heart Journal POSITION STATEMENT
EUROPEAN doi:10.1093/eurheartj/ehs221

SOCIETY OF
CARDIOLOGY

EACPRIAHA Joint Scientific Statement

Clinical recommendations for cardiopulmonary
exercise testing data assessment in specific
patient populations

Writing Committee
EACPR: Marco Guazzi (co-chair)', Volker Adams?, Viviane Conraads?,
Martin Halle4, Alessandro Mezzani’, and Luc Vanhees®

AHA: Ross Arena (co-chair)’, Gerald F. Fletcher?, Daniel E. Forman’,
Dalane W. Kitzman'?, Carl J. Lavie'"'2, and Jonathan Myers'3
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