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La mesure du débit cardiaque à l’effort 
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Pourquoi faut-il mesurer le Qc  

+++ 
VE, Fr, Vt 
Vt/Débit-Volume 
(A-a)O2 
Vc 
DLCO… 

++ 
Lact, Pyr, NH3,        
β-Hydroxybutirate 
HCO3

-, pH 
+ 
NIRs, Micro-doppler 
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Pourquoi faut-il mesurer le Qc  

+++ 
Fc, TAS-TAD 
+ 
Qc +++ VES, DavO2, RVS 
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Pourquoi faut-il mesurer le Qc  

Qc 

Débit Cardiaque 

DavO2=VO2/Qc 

VES=Qc/Fc R=PAM/Qc 
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Pourquoi le Qc n’est pas mesuré  
Techniques de références  
-  Difficiles à mettre en œuvre à l’effort 
-  Notion bénéfice/risque difficile à correctement évaluer 
Techniques gazeuses 
-  Discontinues 
-  Bonne coopération du patient 
-  Difficiles à mettre en œuvre à haute intensité quelque 
soit la méthode (y compris pour les gaz inertes) 
Echographie à l’effort 
-  Discontinue, dans une position peu physiologique 
-  Opérateur et patient dépendant 
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Comment mesurer le Qc 
CE QUE JE PENSE… 
Mesure par impédancemétrie 
-  Mesure est continue 
-  Validée par rapport aux méthodes de référence 
-  Réalisable du repos au pic d’effort 
-  Indépendante de la mesure de VO2 et permet 
l’application du principe de Fick (VO2=Qc×DavO2) 
Couplée à une méthode gazeuse 
-  Double validation des valeurs de référence 
-  Calcul des shunts intra-thoraciques 
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Comment mesurer le Qc 
Mesure par impédancemétrie (Bioimpédance Thoracique) 
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Comment mesurer le Qc 
Mesure par impédancemétrie (Bioimpédance Thoracique) 

Validation versus Fick direct au repos et 
à l’effort 
 
Validation à l’effort chez des sujets 
sains 
Richard R et al. Eur J Appl Physiol. 2001 
 
Validation à l’effort chez des BPCO 
Charloux A et al. Eur J Appl Physiol. 2000  

Plus de 200 publications indexées 
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Comment mesurer le Qc 
Méthode gazeuse 
La vitesse de disparition, au niveau des alvéoles, du gaz 
inhalé est proportionnelle au débit sanguin au travers des 
alvéoles 
Deux types de gaz : 
-  Composé non inerte CO2 (état stable, intensité sous-maximale) 

 A l’équilibre 
 Exponentielle 

-  Composé inerte C2H2, N2O 
 Rebreathing 
 Extrabreath 

Warburton DE et al (Part I).  Sports Med. 1999 
Warburton DE et al (Part II). Sports Med. 1999 
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Comment mesurer le Qc 
Méthode gazeuse 
La vitesse de disparition, au niveau des alvéoles, du gaz 
inhalé est proportionnelle au débit sanguin au travers des 
alvéoles 
Deux types de gaz : 
- Composé non inerte CO2 (état stable, intensité sous-max) 

 A l’équilibre 
 Exponentielle 

- Composé inerte C2H2, N2O 
 Rebreathing 
 Extrabreath 
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Comment mesurer le Qc 
Méthode gazeuse 

http://www.innovision.dk/Products 
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Phase 1 : 
- Remplir le sac de Douglas du 
mélange 
- Connecter le sujet sur le sac, 
sur une fin d’expiration normale 
 
Mes trucs : 
A partir des données 
d’ergospirométrie : 
- Mettre 1,5 × Vt dans le sac 
- Ajuster la fréquence sur Fr 



Comment mesurer le Qc 
Méthode gazeuse 

http://www.innovision.dk/Products 
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Phase 2 : 
- Laisser le sujet respirer sur sa 
fréquence spontanée 



Comment mesurer le Qc 
Méthode gazeuse 

http://www.innovision.dk/Products 
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Phase 3 : 
- Déconnecter le sujet du sac dès 
que la mesure est effectuée 
- Attendre 2 à  4 minutes pour 
faire la mesure suivante 



Comment mesurer le Qc 
Méthode gazeuse 

http://www.innovision.dk/Products 

11e Journées francophones  ALVEOLE 2016 – Lyon  10-11 mars – R Richard 

Pourquoi – Pourquoi pas – Comment – Les extrapolations – Les applications 



Présentation  

- Pourquoi faut-il mesurer le Qc à l’effort 

- Pourquoi le Qc n’est pas mesuré à l’effort 

- Comment mesurer le Qc à l’effort 

- Les extrapolations sont-elles utiles 

- Applications pratiques 

 11e Journées francophones  ALVEOLE 2016 – Lyon  10-11 mars – R Richard 



Les extrapolations 
Equations théoriques 
- Toutes les extrapolations sont faites à partir d’une mesure 
de VO2 ou d’un pourcentage de VO2max estimé 
- Elles supposent que les échanges gazeux sont normaux 
- Elles ne permettent pas en théorie d’extrapoler des DavO2 
Pouls d’oxygène 
- Très prisé par les cardiologues 
- Utile pour le diagnostic étiologique des dyspnées d’effort, 
mais… 
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Les extrapolations 
Equations théoriques 
Référence Equation Population Remarques 
Astrand PO et al. 
JAP 1964 

<70% Pic de 
puissance 
♂  Q=3.07+(6.01×VO2) 
♀  Q=3.66+(6.81×VO2) 
 

♂ et ♀ 
23 ± 3 ans 
VO2 max :  
3,29 ± 0,7 l/min 

Fick 
Etat stable 

Sun XJ et al. 
JAP 2001 

Q=6.3+(4.9×VO2) ♂ 25 ± 5 ans 
VO2 max :  
3,91 ± 0,6 l/min 
 

Fick appliqué à 
l’O2 et au CO2 

Stringer at al. 
JAP 1997 

DavO2=5.7+(0.105×%VO2max) 
Q=VO2/(5.7+(0.105×%VO2max)) 
 

♂ 25 ± 6 ans 
VO2 max :  
3,77 ± 0,6 l/min 

Equation de DavO2 

Rampe 
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Les extrapolations 
Equations théoriques 

Equations théoriques du Qc
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Qc(l/min)=5,5×VO2(l/min)+5 
 
ATTENTION : 
 
- Equations déterminées à 
partir de populations saines 

- Ne s’appliquent qu’à des 
sujets de la même tranche 
d’âge 
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Les extrapolations 
Equations théoriques 

   Sujets jeunes entraînés 
   30 ans, Pmax 350W 
   Sujets sédentaires 
   40 ans, Pmax 240W 
   Sujets sédentaires âgés 
   60 ans, Pmax 180W 
 
 
DavO2=5.7+(0.105×%VO2max) 
DavO2(max)=5,7+10,5=16,2 ml/100 ml 
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Les extrapolations 
Pouls d’oxygène 

Equation de Fick : VO2 = VES × Fc × DavO2 è VO2/Fc = VES × DavO2 
Hypothèses :    1) Plateau de VES au dessus de 50% de la PMT 

  2) Plateau de DavO2 au dessus de 50% de la PMT 
  3) La DavO2 ne peut pas baisser   
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Les extrapolations 
Pouls d’oxygène 
- Le pouls d’oxygène ne peut pas être utilisé pour évaluer 
une dysfonction ventriculaire à l’effort. 
- Une valeur basse du pouls d’O2 doit être une alarme sur 
une anomalie du VES et/ou de la DavO2 (exprimée par 
rapport au pouls d’O2 max théorique) 
- Les deux grandeurs (VES et DavO2) peuvent se 
compenser et « masquer » une anomalie 
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Applications de la mesure à l’effort 
Différence artério-veineuse en oxygène DavO2 

La DavO2 à l’effort 
représente principalement la 
consommation d’oxygène du 
muscle en activité : 
Elle va dépendre : 
- De la masse musculaire solliciter 
- De la micro-vascularisation 
- De la densité mitochondriale 
- Du potentiel oxydatif 
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Applications de la mesure à l’effort 
Différence artério-veineuse en oxygène DavO2 

Sujets A (32 ans) Sujet B (43 ans) Sujet C (58 ans) 

Pmax (W) 70 50 80 
Pic VO2 (ml/min) 810 703 980 
QR 1,23 1,08 1,12 
Fc Max (Bat/min) 190 118 156 
Pouls d’O2 (ml/bat) 4,2 (9,3) 5,9 (8,5) 6,2 (8,4) 
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Applications de la mesure à l’effort 
Différence artério-veineuse en oxygène DavO2 

�  �  �  

Sujet A 
Maladie mitochondriale 
 
Sujet B 
Traitement corticoides 
Connectivite 

Sujet C 
Patiente sédentaire 

�  
�  
�  
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Applications de la mesure à l’effort 
Mesure du volume d’éjection systolique (VES) 
Répercussions hémodynamiques des Pextus Excavatum 

Pectus Excavatum Index de Haller 4,66 (Nle < 3,2)  
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Applications de la mesure à l’effort 
Mesure du volume d’éjection systolique (VES) 

17 sujets Pectus Excavatum 
Index de Haller 5,8 ± 3,9 
 
17 témoins appariés sur 
l’âge, le poids, la taille et le 
niveau de capacité physique 

Volume d’éjection Systolique 

Tardy M et al. J Am Coll Cardiol. 2015    
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Applications de la mesure à l’effort 
Mesure du volume d’éjection systolique (VES) 

Volume d’éjection systolique Différence artério-veineuse 

Tardy M et al. J Am Coll Cardiol. 2015    
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Applications de la mesure à l’effort 
Mesure du volume d’éjection systolique (VES) 

PO2 à une VO2 de 2,2 l/min (180W) 

Equation de Fick 

VO2 = Qc × DavO2 

VO2 = Fc × VES × DavO2 

VO2/Fc = VES × DavO2 
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Applications de la mesure à l’effort 
Estimation des shunts intra-thoraciques 
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Applications de la mesure à l’effort 
Estimation des shunts intra-thoraciques 

Mesure du débit  par 
impédancemétrie (QImp) 
La mesure est réalisée entre : 
 
A – « Porte d’entrée » thoracique 

 Veine cave 
B – « Porte de sortie » thoracique 

 Carotide 
 
Tous les circuits vasculaires sont 
pris en compte A B 
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Applications de la mesure à l’effort 
Estimation des shunts intra-thoraciques 

Mesure du débit  par technique 
gazeuse (QGaz) 
La mesure ne prend en compte 
que le débit dans les alvéoles 
fonctionnelles 

11e Journées francophones  ALVEOLE 2016 – Lyon  10-11 mars – R Richard 

Pourquoi – Pourquoi pas – Comment – Les extrapolations – Les applications 



Applications de la mesure à l’effort 
Estimation des shunts intra-thoraciques 
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QcGas 

Qp 
   %Shunt =(QcImp-QcGas)/QcImp 

 
QcImp 

Qs 



Applications de la mesure à l’effort 
Estimation des shunts intra-thoraciques 

 Exercise cardiac output measurement approaches in COPD  5

www.tandfonline.com/icop

Q  c   in patients must be dictated by the ability to include 
in the derived computations a correction for either gas 
exchange inadequacies and/or a vascular shunt. 

  Pulmonary blood fl ow versus   Q̇ c   determination 
 Indicator gas rebreathing techniques are based on the 
underlying assumptions that pulmonary and systemic 
blood fl ows are equal and that exchange of the gas indi-
cator between the rebreathing bag and lung is adequate 
( 23 ). Th ese assumptions may not hold true in patients 
with COPD because indicator alveolar content refl ected 
by the end-tidal value does not account for inadequate 
gas mixing and gas exchange disturbances, potentially 
leading to an underestimation of pulmonary blood fl ow. 
It is thus recommended that when using CO 2  rebreath-
ing in patients with COPD, the CO 2  content used to 
determine   Q  c   be derived from arterial as opposed to 
end-tidal PCO 2  ( 13 ,  16 ,  17 ). 

 Th e Innocor inert gas rebreathing technique is based 
on the premise that the obtained data refl ect pulmonary 
blood fl ow whereas   Q  c   results from the sum of pulmo-
nary blood fl ow and shunt volume ( 6 ,  7 ). Calculation of 
the shunt volume is based on the computed diff erence 
between the oxyhemoglobin saturation measured by the 
system during the rebreathing manoeuvre and a 98% 
assumed end-capillary oxygen saturation. Th e latter is, 
however, only valid if lung perfusion is matched with 
well-ventilated alveoli with normal lung diff usion such 
that any discrepancy between the assumed end-capil-
lary and measured oxygen saturation may be ascribed to 
shunting of vascular origin. 

 Th is may not hold in patients with COPD in whom 
inhomogeneous lung ventilation, impaired lung dif-
fusion and ventilation: perfusion inhomogeneity may 
all contribute to shunting of pulmonary origin; as may 

be suspected to be the case in the present study, from 
the impaired pulmonary diff usion characteristics. Th e 
importance of adequate gas mixing and exchange may 
be seen from Figure  1 , showing CO 2  RB (PaCO 2 ) to be 
30–50% higher as compared to values computed from 
PETCO 2  because determination using P ET CO 2  does not 
take into account the combined infl uence of both alveo-
lar-capillary exchanges and vascular shunts. Alternately, 
the use of arterial as opposed to end-capillary gas con-
tent enables to capture the eff ect of not only the vascular 
but also the pulmonary gas exchange inadequacies, thus 
providing a more adequate factor for the computation 
of   Q  c   from the direct pulmonary blood fl ow determina-
tion. Th is observation is also consistent with the report 
from Mahler et al. (1985) in patients with both moder-
ate and severe obstructive airway disease showing lower 
exercise   Q  c   using end-tidal as compared to PaCO 2  or to 
the direct Fick measurement ( 13 ). 

 Th e present results also indicate systematically lower 
Q  c   measurements using the Innocor system compared 
to both the PaCO 2  derived CO 2 -rebreathing and the bio-
conductance measures. Th is observation is consistent 
with the computational approach in the Innocor system 
with built-in correction for vascular shunts but which 
does not permit correction for alveolar gas exchange 
impairment. Taken together our observations confi rm 
that the use of gas rebreathing method for   Q  c   deter-
mination must allow consideration of shunting of both 
circulatory and pulmonary origins. Inasmuch as CO 2 -
rebreathing provides such an opportunity while inert 
gas rebreathing techniques do not, the former would 
appear as the rebreathing method of choice. 

 CO 2 -rebreathing remains however technically chal-
lenging both from a technician execution as well as 
patient perspective as it requires patients to maintain 
metabolic steady state while performing the rebreathing 
manoeuver. For this reason, measurements in the pres-
ent study were not obtained at near-maximum intensi-
ties but during low and moderate exercise corresponding 
to 20 and 50% peak   VO 2   , which nevertheless resulted in a 
signifi cant dynamic hyperinfl ation. 

 Data from a subset of healthy control subjects from 
our laboratory, without circulatory or pulmonary 
impairments, of a similar mean age as that of the COPD 
group (66 ± 2 yrs), using similar techniques at the same 
relative exercise intensities show no diff erence in cardiac 
output measurements derived using P ET CO 2  for RBCO 2 , 
N 2 O RB and bioimpedance (Figure  2 ).  Th is observation 
in healthy subjects is in support of the reasoning pre-
sented in this study as it shows that when gas exchange 
disturbances is not of concern, available non-invasive 
indicator rebreathing techniques are appropriate to 
assess exercise cardiac output. 

  Use of bioconductance 
 Th e use of bioimpedance relies on the physical proper-
ties of bio-conductance such that shifts in thoracic blood 
volume consecutive to ventricular ejection will cause 
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 Figure 1.    Cardiac output in COPD derived using various non-invasive techniques. 
Results consistently show signifi cantly lower   Q̇  c   measured using N 2 O-RB as 
compared to the PaCO 2 -derived CO 2 -RB or the bioimpedance approach, at rest as 
well as for all exercise intensities (*p < 0.05).   End-tidal CO 2 -derived rebreathing 
values are also signifi cantly lower than those calculated using direct PaCO 2  under 
all conditions ( § p < 0.05); End-tidal CO 2 -derived rebreathing values are however not 
statistically different from those obtained using N 2 O-RB. 
CO 2 -RB(PaCO 2 ): Cardiac output (  Q̇  c  ) derived from non-inert CO 2  gas rebreathing 
with PaCO 2  correction; CO 2 -RB(PETCO 2 ): Cardiac output (  Q̇  c  ) derived from non-inert 
CO 2 -RB gas rebreathing without PaCO 2  correction; N 2 O-RB: Cardiac output ( Q̇  c   ) 
derived from inert N 2 O gas rebreathing; Impedance: Cardiac output (  Q̇  c  ) determined 
by impedance cardiography.  
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BPCO 
Âge 66 ± 1 an 
Valeurs repos 
VEMS 58 ± 3 %(Théor) 
DLCO 55 ± 4 %(Théor) 
PaO2 73 ± 3 mmHg 

Perrault H et al. COPD. 2015    
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Applications de la mesure à l’effort 
Estimation des shunts intra-thoraciques 

Sujets contrôles 
Sédentaires appariés 

6 Perrault et al.

Copyright © 2015 Taylor & Francis

variations in thoracic conductance that can be detected 
between the inferior vena cava taken as the entry point 
at the level of the xyphoid process, and the exit at the 
carotid trunk captured at the base of the neck. Th e 
resulting change in conductance therefore refl ects the 
integrated fl ow that may be ascribed to the systemic 
ventricular ejection allowing to derive   Q  c  . 

 Th e algorithms used by the Physiofl ow impedance 
cardiograph device have been reported to provide accept-
able and reliable measures of   Q  c   in healthy individuals at 
rest and during moderate to maximal-intensity exercise 
( 4 ,  24 ). An advantage for use in populations with respira-
tory limitations is that unlike gas rebreathing techniques 
it is not restricted by the occurrence of gas exchange 
disturbances. Two studies have to date reported on the 
agreement of impedance cardiography against direct Fick 
for exercise   Q  c   determination in COPD ( 10 ,  25 ). Results 
from Charloux (2000) showed a strong correlation (r = 
0.85) between impedance and direct Fick during dynamic 
exercise with a mean diff erence of only 0.29 L/min 
between the two techniques suggesting that impedance 
cardiography provided  clinically acceptable accuracy. 

 Th e patient population used in that study was similar 
in severity of COPD as patients from the present study 
with exercise intensities being in the same moderate 
range. Results obtained in the present study are also in 
agreement with other reports of bioimpedance-derived 
exercise cardiac output ( 26 ,  27 ) in COPD patients with 
similar disease severity. Th e present observations that the 
absolute values of   Q  c   obtained through bio-conductance 
or PaCO 2 -derived CO-rebreathing are of the same mag-
nitude suggest that lung hyperinfl ation does not appear 
to aff ect the application of the algorithms derived for the 
computation of   Q  c   from the changes in impedance.  

  Study limitation 
 Th e extent to which our observations could be extended 
to higher exercise intensities is limited since the use of 

indicator gas technique during high intensity exercise 
in COPD is not possible. Similarly, the impact to more 
advanced disease severity on the present observations 
cannot be inferred from the present observations.   

  Conclusion 
 Determination of exercise cardiac output may be of sub-
stantial clinical value, especially in patients with chronic 
diseases such as COPD, as it provides additional infor-
mation on disease mechanism and related functional 
status. Although use of a direct Fick method for routine 
cardiac output measurement (  Q  c  ) may not be justifi ed, 
numerous non-invasive techniques are now available 
for use at rest or exercise. Th e decision for a center to 
include cardiac output measurement in routine patient 
assessment or follow-up depends on the accuracy of the 
information to be provided and the ease of application. 
Results from this research show that in patients with 
gas exchange impairments, the use of PaCO 2  can pro-
vide adequate assessment of CO 2 -rebreathing derived 
Qc. However, this technique is somewhat complex for 
routine use as it requires a high level of technical ability 
and expertise in addition to the obtention of an arterial 
or at minimum an arterialized blood sample. Th e use of 
bioimpedance is appealing as it does not require active 
patient participation and allows for continuous   Q  c   mea-
surement from rest to maximal exercise.  
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 Figure 2.    Cardiac output derived using various non-invasive techniques in healthy 
subjects measured in our laboratory. Comparison of techniques at rest or at each 
exercise intensity reveals no statistically signifi cant differences. 
 CO 2 -RB(PETCO 2 ): Cardiac output (  Q̇  c  ) derived from non-inert CO 2 -RB gas rebreathing 
without PaCO 2  correction; N 2 O-RB: Cardiac output (  Q̇  c  ) derived from inert N 2 O gas 
rebreathing. Impedance: Cardiac output (  Q̇  c  ) determined by impedance cardiography.  
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Conclusion 
OUI il faut mesurer le Qc, dans le cadre de l’EFx 
et du diagnostic étiologique des limitations et des 
dyspnées. 
MAIS il reste des progrès à faire au niveau des 
appareils pour mesurer le Qc 
PLUS nous généraliserons son utilisation, PLUS 
ses indications seront précisées 
POURQUOI ne pas prendre de l’avance sur les 

 cardiologues… 
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