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VALIDATIONS  
 

FICK PRINCIPLE/ EXERCISE  
 

 

Abstract, European Journal of Applied Physiology, Volume 82 Issue 4 (2000) pp 313-320  

 

A New Impedance Cardiograph Device for the Non-invasive 

Evaluation of Cardiac Output at Rest and During Exercise: 

Comparison with the "Direct" Fick Method  
 

Authors:  Anne Charloux, Evelyne Lonsdorfer-Wolf, Ruddy Richard, Eliane Lampert, Monique Oswald-

Mammosser, Bertrand Mettauer, Bernard Geny, Jean Lonsdorfer 

 

Service des Explorations Fonctionnelles Respiratoires, Cardio-Circulatoires et de l'Exercice, Hôpitaux Universitaires 

de Strasbourg, Hôpital Civil, BP 426, 67091 Strasbourg Cedex, France e-mail: anne.charloux@physio-ulp.u-

strasbg.fr Tel.: +33-388-116122; Fax: +33-388-116467 

 

Accepted: 3 April 2000 

 

Abstract:  The objectives of this study were to evaluate the reliability and accuracy of a new impedance cardiograph 

device, the Physio Flow, at rest and during a steady-state dynamic leg exercise (work intensity ranging from 10 to 50 

W) performed in the supine position. We compared cardiac output determined simultaneously by two methods, the 

Physio Flow (Q&dot;cPF) and the direct Fick (Q&dot;cFick) methods. Forty patients referred for right cardiac 

catheterisation, 14 with sleep apnoea syndrome and 26 with chronic obstructive pulmonary disease, took part in this 

study. The subjects' oxygen consumption values ranged from 0.14 to 1.19 l · min
-1
. The mean difference between the 

two methods (Q&dot;cFick-Q&dot;cPF) was 0.04 l · min
-1
 at rest and 0.29 l · min

-1
 during exercise. The limits of 

agreement, defined as mean difference ± 2SD, were -1.34, +1.41 l · min
-1
 at rest and -2.34, +2.92 l · min

-1
 during 

exercise. The difference between the two methods exceeded 20% in only 2.5% of the cases at rest, and 9.3% of the 

cases during exercise. Thoracic hyperinflation did not alter Q&dot;cPF. We conclude that the Physio Flow provides a 

clinically acceptable and non-invasive evaluation of cardiac output under these conditions. This new impedance 

cardiograph device deserves further study using other populations and situations.  

 

Keywords: Impedance cardiography, Cardiac output, Fick principle, Exercise  
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VALIDATIONS  
 

FICK PRINCIPLE/ EXERCISE  
 

 

 

European Journal of Applied Physiology, Volume 85 Issue 3/4 (July 2001) pp 202-207  

DOI 10.1007/s004210100458  
 

Non-invasive Cardiac Output Evaluation during a Maximal 

Progressive Exercise Test, Using a New Impedance 

Cardiograph Device 
 

 

Authors : Ruddy Richard, Evelyne Lonsdorfer-Wolf, Anne Charloux, Stéphane Doutreleau, Martin Buchheit, 

Monique Oswald-Mammosser, Eliane Lampert, Bertrand Mettauer, Bernard Geny, Jean Lonsdorfer 

 

Service des Explorations Fonctionnelles Respiratoires, Cardio-Circulatoires et de l'Exercice, Hôpitaux Universitaires 

de Strasbourg, Hôpital Civil, BP 426, 67091 Strasbourg Cedex, France  

E-mail: ruddy.richard@physio-ulp.u-strasbg.fr 

Phone: +33-388116122 Fax: +33-388116467 

 

Accepted: 10 April 2001 / Published Online: 4 July 2001 

 

Abstract. One of the greatest challenges in exercise physiology is to develop a valid, reliable, non-invasive and 

affordable measurement of cardiac output (CO). The purpose of this study was to evaluate the reproducibility and 

accuracy of a new impedance cardiograph device, the Physio Flow, during a 1-min step incremental exercise test 

from rest to maximal peak effort. A group of 12 subjects was evaluated to determine the reproducibility of the 

method as follows: (1) each subject performed two comparable tests while their CO was measured by impedance 

cardiography using the new device (COImp1, COImp2), and (2) in a subgroup of 7 subjects CO was also determined by 

the direct Fick method (COFick) during the second test. The mean difference between the values obtained by 

impedance (i.e. COImp1-COImp2) was -0.009 l·min
-1
 (95% confidence interval: -4.2 l·min

-1
, 4.2 l·min

-1
), and CO 

ranged from 3.55 l·min
-1
 to 26.75 l·min

-1
 (n=146). When expressed as a percentage, the difference (COImp1-COImp2) 

did not vary with increasing CO. The correlation coefficient between the values of COImp and COFick obtained during 

the second exercise test was r=0.94 (P<0.01, n=50). The mean difference expressed as percentage was -2.78% (95% 

confidence interval: -27.44%, 21.78%). We conclude that COImp provides a clinically acceptable evaluation of CO in 

healthy subjects during an incremental exercise.  

 

Keyword: Impedance, Cardiography, Cardiac output, Maximal exercise test  
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VALIDATIONS  
 

FICK PRINCIPLE/ EXERCISE  
 

 

Int J Sports Med 2004; 25: 145-149 DOI: 10.1055/s-2004-819949 

 

 

Measurements of Cardiac Output during Constant 

Exercises: Comparison of Two Non-Invasive 

Techniques 

 
Authors:  N. Tordi2, 3, L. Mourot1, 2, B. Matusheski3, R. L.  Hughson

3 

 

1 Laboratoire de Physiologie Médecine, Place St Jacques, Besançon, France 
2 Laboratoire des Sciences du Sport, Place St Jacques, Besançon, France 
3 University of Waterloo, Department of Kinesiology, Waterloo, On, Canada 

 
 

Abstract:  We compared cardiac output (CO) determined simultaneously by electrical impedance cardiography 

method (COICG) and by the CO2 rebreathing technique (CO2REB) during three different steady-state exercises (target 

heart rate of 120, 140, and 160 min
-1
) in 8 healthy fit young men. The mean difference correlation coefficient 

obtained between the values of COICG and CO2REB was 0.85 and the mean difference (COICG-CO2REB) was 0.06 l/min 

(0.12 %). At 120 min
-1
, COICG was lower than CO2REB but the tendency was reversed at 140 and 160 min

-1
 where 

COICG was higher than CO2REB. This evolution may be explained by the difficultly of using CO2 rebreathing 

technique at the highest steady-state exercises and by the progressive acidemia due to exercise. The present results 

suggest that electrical impedance cardiography method provides acceptable evaluation of CO and may favourably 

replace the CO2 rebreathing technique during mild (or moderate) to high steady-state exercises. 

 

Keywords: Impedance cardiography, CO2 rebreathing technique, Indirect Fick principle, Steady state exercise 
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VALIDATIONS  
 

FICK PRINCIPLE/ EXERCISE  
 

 
Chest, 2005 Apr; 127(4):1122-31. Links  

 

 
Does Thoracic Bioimpedance Accurately Determine Cardiac 

Output in COPD 

Patients during Maximal or Intermittent Exercise?  
 
 

Authors:  Bougault V, Lonsdorfer-Wolf E, Charloux A, Richard R, Geny B, Oswald-Mammosser M. 

 

Service des Explorations Fonctionnelles Respiratoires et de l'Exercice, Hopital Civil, BP 426, 67091 

Strasbourg Cedex, France 

 

Abstract;  

Study Objectives: The monitoring of cardiac output (CO) during exercise rehabilitation in patients with COPD, 

often including strenuous exercise, is advisable. Invasive methods (thermodilution, Fick method) are accurate, but 

for clinical routine use noninvasive CO estimation is required. We have shown that impedance cardiography (Physio 

Flow; Manatec Biomedical; Macheren, France) is reliable in COPD patients at rest and during a recumbent, light-

intensity exercise. The aim of our study was to evaluate the validity of this noninvasive device in COPD patients 

during a maximal incremental exercise test (IET) and also during a strenuous intermittent work exercise test (IWET).  

 

Design: Prospective comparative study of the impedance cardiograph vs the direct Fick method applied to oxygen. 

 

Patients: Eight patients with moderate-to-severe COPD (59 +/- 6 years old; FEV(1), 38 +/- 15% predicted; residual 

volume, 194 +/- 64% predicted) [mean +/- SD].Measurements and main results: Forty-nine simultaneous 

measurements of CO by means of the direct Fick method (COfick) and CO measured by the impedance cardiograph 

(COpf) were obtained during the IET, and 108 measurements were made during the IWET. The correlation 

coefficients between the two measurements were r = 0.85 and r = 0.71 for the IET and the IWET, respectively. COpf 

was higher than COfick. The difference between the two methods was 3.2 +/- 2.9 L/min during the IET and 2.5 +/- 

2.1 L/min during the IWET. Expressed as a percentage of the mean of the two measurements, this corresponded to 

31 +/- 21% and 25 +/- 20%, respectively. 

 

Conclusion: The relatively high number of values differing by > 20% precludes the use of impedance cardiography 

in clinical routine in such a difficult setting (hyperinflated patients and intense exercise). 

 
IMPORTANT NOTE FROM THE MANUFACTURER  
 

In an effort to present all publications involving PhysioFlow we have decided to include this particular one in our 

list. Its results may not look as favorable as all the other abstracts. However, it is to be noted that the protocol was 

performed in a way that is not compliant with the manufacturerôs instructions: The investigators have used a 

particular prototype version of the PhysioFlow software in spite of our insistence that they should not do so. They 

have used electrodes that were not those recommended for optimal results. Moreover, data of this study have 

disappeared form the hard disk of the computer, making it impossible to reanalyze them with the appropriate version 

of the software. In addition, it is questionable that Fick would perform well under incremental or strenuous 

intermittent work exercise test. 
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Eur J Appl Physio,. 2005 Jun; 94(3):228-34. Epub 2005 May 26. 

 

 

Reliability of Peak VO(2) and Maximal Cardiac Output 

Assessed using Thoracic Bioimpedance in Children 
 

 

Authors: Welsman J, Bywater K, Farr C, Welford D, Armstrong N. 

 
Children's Health and Exercise Research Centre, University of Exeter, Heavitree Road, Exeter, EX1 2LU, UK. 

j.r.welsman@ex.ac.uk 
 

 

Abstract:  The purpose of this study was to evaluate the reliability of a thoracic electrical bioimpedance based device 

(PhysioFlow) for the determination of cardiac output and stroke volume during exercise at peak oxygen uptake (peak 

VO(2) in children. The reliability of peak VO(2) is also reported. Eleven boys and nine girls aged 10-11 years 

completed a cycle ergometer test to voluntary exhaustion on three occasions each 1 week apart. Peak VO(2) was 

determined and cardiac output and stroke volume at peak VO(2) were measured using a thoracic bioelectrical 

impedance device (PhysioFlow). The reliability of peak VO(2) cardiac output and stroke volume were determined 

initially from pairwise comparisons and subsequently across all three trials analysed together through calculation of 

typical error and intraclass correlation. The pairwise comparisons revealed no consistent bias across tests for all three 

measures and there was no evidence of non-uniform errors (heteroscedasticity). When three trials were analysed 

together typical error expressed as a coefficient of variation was 4.1% for peak VO(2) 9.3% for cardiac output and 

9.3% for stroke volume. Results analysed by sex revealed no consistent differences. The PhysioFlow method allows 

non-invasive, beat-to-beat determination of cardiac output and stroke volume which is feasible for measurements 

during maximal exercise in children. The reliability of the PhysioFlow falls between that demonstrated for Doppler 

echocardiography (5%) and CO(2) rebreathing (12%) at maximal exercise but combines the significant advantages 

of portability, lower expense and requires less technical expertise to obtain reliable results. 
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Presented in part to the American College of Sports Medicine, Seattle, WA, May 28, 2009. 

Exercise Capacity and Idebenone Intervention in Children 

and Adolescents With Friedreich Ataxia 
 

Bart E. Drinkard, MSPT, Randall E. Keyser, PhD, Scott M. Paul, MD, Ross Arena, PhD, PT, Jonathan F. Plehn, 

MD, Jack A. Yanovski, MD, PhD, Nicholas A. Di Prospero, MD, PhD 

 

Abstract  

Drinkard BE, Keyser RE, Paul SM, Arena R, Plehn JF, Yanovski JA, Di Prospero NA. Exercise capacity and 

idebenone intervention in children and adolescents with Friedreich ataxia. 

Objective 

To determine the exercise capacity of children and adolescents with Friedreich's Ataxia (FA) and to evaluate the 

effects of 6 months of idebenone treatment on exercise capacity. 

Design 

Exploratory endpoint in a randomized double-blind, placebo-controlled, phase II clinical trial designed to investigate 

the effects of idebenone on a biomarker of oxidative stress. 

Setting 

Exercise physiology laboratory in a single clinical research center. 

Participants 

Ambulatory subjects (N=48; age range, 9ï17y) with genetically confirmed FA. 

Intervention 

Idebenone administered orally 3 times a day for a total daily dose of approximately 5, 15, and 45mg/kg or matching 

placebo for 6 months. 

Main Outcome Measures 

Peak oxygen consumption per unit time (peak VO2) and peak work rate (WR) were measured during incremental 

exercise testing at baseline and after treatment. Echocardiography and neurologic assessments were also completed 

before and after treatment. 

 

Results 

Baseline mean peak VO2 ± SD was 746±246mL/min (16.2±5.8mL/kg/min), and WR was 40±23W for all subjects. 

Peak VO2and WR were correlated with short guanine-adenine-adenine allele length and neurologic function. 

Relative left ventricular wall thickness was increased but left ventricular ejection fraction was normal in most 

subjects; there was no relationship between any exercise and echocardiographic measures. There were no significant 

changes in mean peak VO2 or WR after idebenone treatment at any dose level relative to placebo. 

 

Conclusions 

Exercise capacity in children and adolescents with FA was significantly impaired. The basis for the impairment 

appears to be multifactorial and correlated to the degree of neurologic impairment. Although idebenone has 

previously been shown potentially to improve features of FA, idebenone treatment did not increase exercise capacity 

relative to placebo. 

Key Words: Exercise, Friedreich Ataxia, Idebenone [substance name], Rehabilitation 
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FICK PRINCIPLE/ EXERCISE  
 

Reliability of exercise cardiac output measurement in COPD 

using impedancemetry: comparison with CO2 and inert gas 

rebreathing. 
 

Authors:  S. Kapchinsky, BSc
1
, J. Baril, MSc

1
, J. Laurin

1
,  H. Perrault PhD

 1
, J. Bourbeau, MD

1
 and T.Taivasallo, 

PhD
1 
. RECRU - Montreal Chest Institute of the McGill University Health Center, Canada. 

 

Rationale.  

Interest in the measurement of exercise cardiac output (Qc) in patients with Chronic Obstructive Pulmonary Disease 

(COPD) has resurged due to the recent proposition that dynamic hyperinflation may result in blood trapping within 

the pulmonary circulation, thereby limiting oxygen delivery and exercise capacity. To date, the ability to measure Qc 

non-invasively in these patients is constrained by techniques dependent upon appropriate ventilation: perfusion for 

adequate pulmonary blood-gas diffusion. The technique of thoracic bioimpedance presents an interesting alternative 

as it does not depend on gas lung transfer factors, provides continuous measurement from rest to peak exercise and is 

free of patient interaction, unlike rebreathing methods. This study reports on the reliability of thoracic bioimpedance 

(Physioflow ®) compared to standard CO2- rebreathing  and inert-gas rebreathing (Innocor ®) techniques for use in 

test-restest submaximal steady state exercise.  

Methods.   

Stable COPD patients (N=8; 66±4 yrs; FEV1= 56±6% pred.) were assessed on 2 occasions separated by at least 2 

days. Qc was measured using the 3 techniques at the end of 5-minute steady-state cycling at 20, 35, 50 and 65%peak 

power bouts. The reported Qc was the average of 2 consecutive measures at each workload.  

Results.   

All techniques provided measurements in a physiologically acceptable range for the power output and showed good 

reproducibility with no difference in test-retest mean values. CO2 rebreathing resulted in systematically higher 

values both at rest and during exercise as compared to Physioflow® (mean æ L/min: 0.5 rest; 0.7, 0.3, 0.8 at 20, 35, 

50% peak power). In contrast, Innocor® resulted in systematically lower rest and exercise values as compared to 

Physioflow®  (mean æ L/min: 1.6 rest; 1.6, 1.2, 1.8 at 20, 35, 50% peak power). Results also showed the coefficient 

of reproducibility calculated on test-restest to be highest in Physioflow® (R
2
 = 0.80) compared with Innocor® and 

CO2 rebreathing (R
2
 = 0.72 and 0.53) 

Conclusions.  

These preliminary results suggest that thoracic bioimpedance presents a valuable tool to monitor Qc in COPD under 

resting and moderate exercise conditions resulting in significant hyperventilation and moderate dynamic 

hyperinflation.   

 

Funded by: Respiratory and Epidemiology Clinical Research Unit of the McGill University Health Center 
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Does Advanced Cardiac Impedance Technology Accurately 

Measure Cardiac Output During Submaximal Steady State 

Exercise? 
 

Author Block:  Craig E. Broeder, FACSM, Jarod Hickock, Amanda Burditt. Benedictine University, Lisle, IL. 

Email: jazzercb@mac.com 

Abstract:  PURPO PURPOSE: This study determined if advanced cardiac impedance technology (ACI) could 

accurately measure cardiac output during steady-state cycling exercise compared to values calculated using the 

direct Fick equation developed by Stringer et al (1997). METHOD: VO2 max was determined on both a treadmill 

(Mean = 3.96 ± 1.2 liters/min) and cycle ergometer (Mean = 3.42 ± 1.2 liters/min) in 15 subjects (Age; 34.3. ± 9.4 

yrs). Steady-state exercise wattage was set at 25%, 50%, and 75% of peak watts achieved. Subjects exercised 8 mins 

at each stage. The last 4 mins were used to determine the ACI values for cardiac output (Q), heart rate, stroke 

volume, EDV, SBP, DBP, and systemic vascular resistance. Both the submaximal and maximal exercise trials were 

performed in duplicate to assure accurate data collection. No significant differences were observed in test-retest 

trials. Thus, the mean of duplicate trials was used for all data analyses. RESULTS: There was no significant 

difference between the cardiac output determined by the Stringer equation and the ACI measured Q value. The 

percent differences across exercise intensityôs for Q were 4.2%, -1.5%, and -6.7% for the 25%, 50%, and 75% of 

max watts, respectively. Linear regression analyses indicated rsquared = 0.99, SEE = 0.20 liters, p = .001. For all 

trials combined, the mean percent difference between the stringer cardiac output and the ACI cardiac output was 

0.5%. 

 
 

 
 

Conclusion: In conclusion, these data indicate that the ACI system used in this study was highly accurate in 

determining a personôs Q during steady state exercise ranging between 40.1% and 88.3% of VO2 max. Future 

studies need to determine if similar accuracy can be achieved using other forms of exercise, i.e., treadmill. 

Author Disclosure Information:  C.E. Broeder, PhysioFlow Corporation, Contracted Research. 

Category (Complete): 204 acute exercise 

Keyword (Complete): cardiac impedance ; steady state exercise ; cycle ergometry 
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International Heart Journal  

Vol. 51 (2010) , No. 3 pp.170-175 

 

Effects of Acute Hypoxia at Moderate Altitude on Stroke 

Volume and Cardiac Output During Exercise 
 
Authors: Taira Fukuda

1
, Taketeru Maegawa

2
, Akihiro Matsumoto

34
, Yutaka Komatsu

2
,Toshiaki Nakajima1,  Ryozo 

Nagai
1
 and Takashi Kawahara

2
 

 
1
Department of Cardiovascular Medicine, Graduate School of Medicine, The University of Tokyo 

2
Japan Institute of Sports Sciences 

3
Japan Womenôs College of Physical Education 

4
Tokyo University of Foreign Studies 

 

Astract:  It has been unclear how acute hypoxia at moderate altitude affects stroke volume (SV), an index of cardiac 

function, during exercise. The present study was conducted to reveal whether acute normobaric hypoxia might alter 

SV during exercise. 

Nine healthy male subjects performed maximal exercise testing under normobaric normoxic, and 

normobaric hypoxic conditions (O2: 14.4%) in a randomized order. A novel thoracic impedance method was used to 

continuously measure SV and cardiac output (CO) during exercise.  

Acute hypoxia decreased maximal work rate (hypoxia; 247 ± 6 [SE] versus normoxia; 267 ± 8 W,  

P < 0.005) and VO2 max (hypoxia; 2761 ± 99 versus normoxia; 3039 ± 133 mL/min, P < 0.005). Under hypoxic 

conditions, SV and CO at maximal exercise decreased (SV: hypoxia; 145 ± 11 versus normoxia; 163 ± 11 mL,  

P < 0.05, CO: hypoxia; 26.7 ± 2.1 versus normoxia; 30.2 ± 1.8 L/min, P < 0.05). In acute hypoxia, SV during 

submaximal exercise at identical work rate decreased. Furthermore, in hypoxia, 4 of 9 subjects attained their highest 

SV at maximal exercise, while in normoxia, 8 of 9 subjects did. 

Acute normobaric hypoxia attenuated the increment of SV and CO during exercise, and SV reached a 

plateau earlier under hypoxia than in normoxia. Cardiac function during exercise at this level of acute normobaric 

hypoxia might be attenuated. (Int heart J 2010 : 170-175) 

 

Key words:  Normobaric hypoxia, Cardiac output, Oxygen uptake, Exercise testing 
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The Ergogenic Effect of Recombinant Human Erythropoietin on  

O2max Depends on the Severity of Arterial Hypoxemia 
 
Abstract 

Treatment with recombinant human erythropoietin (rhEpo) induces a rise in blood oxygen-carrying capacity (CaO2) 

that unequivocally enhances maximal oxygen uptake (VĘO2max) during exercise in normoxia, but not when exercise 

is carried out in severe acute hypoxia. This implies that there should be a threshold altitude at which V Ę O2max is 

less dependent on CaO2. 

To ascertain which are the mechanisms explaining the interactions between hypoxia, CaO2 and V Ę O2max we 

measured systemic and leg O2 transport and utilization during incremental exercise to exhaustion in normoxia and 

with different degrees of acute hypoxia in eight rhEpo-treated subjects. Following prolonged rhEpo treatment, the 

gain in systemic VO2max observed in normoxia (6ï7%) persisted during mild hypoxia (8% at inspired O2 fraction 

(FIO2) of 0.173) and was even larger during moderate hypoxia (14ï17% at FIO2 = 0.153ï0.134). When hypoxia 

was further augmented to FIO2 = 0.115, there was no rhEpo-induced enhancement of systemic V Ę O2max or peak 

leg V Ę O2. The mechanism highlighted by our data is that besides its strong influence on CaO2, rhEpo was found to 

enhance leg V Ę O2max in normoxia through a preferential redistribution of cardiac output toward the exercising 

legs, whereas this advantageous effect disappeared during severe hypoxia, leaving augmented CaO2 alone 

insufficient for improving peak leg O2 delivery and V Ę O2. Finally, that V Ę O2max was largely dependent on CaO2 

during moderate hypoxia but became abruptly CaO2-independent by slightly increasing the severity of hypoxia 

could be an indirect evidence of the appearance of central fatigue. 

 

Citation: Robach P, Calbet JAL, Thomsen JJ, Boushel R, Mollard P, et al. (2008) The Ergogenic Effect of 

Recombinant Human Erythropoietin on V Ę O2max Depends on the Severity of Arterial Hypoxemia. PLoS ONE 

3(8): e2996. doi:10.1371/journal.pone.0002996 
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Figure 2: Agreement between impedance and dye dilution for cardiac output measurement. 

 

This graph shows the agreement (Bland-

Altman plot) between the cardiac impedance 

technique and the indocyanine-green dye 

dilution method for measuring cardiac output 

during exercise obtained from 55 

measurements in seven subjects. For each 

measurement, the difference between the two 

methods is plotted against the average of both 

techniques. The solid line indicates the mean 

bias, while the dotted lines indicate the 95% 

confidence intervals (2×standard deviation). 
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Published at the French Anaesthesiology Society, Sept 2001 

 

Cardiac Output Measurements: Comparison Between a New 

Transthoracic Electrical Biomimpedance Method 

(PhysioflowÊ) and the Swan-Ganz Method (Continuous 

Cardiac Output or Bolus Technique) 
 

 

Authors:  Moreau X, Rousseau JM*, Thiranos JC**, Dubé L, Corbeau JJ, Granry JC, Beydon L. 
 

ICU ï University Hospital Angers 

* ICU, Val de Grâce Military Hospital, Paris 

** ICU, Cardiovascular Surgery, Strasbourg  

 

Abstract:  Cardiac Output (CO) measurement using Transthoracic Electrical Bioimpedance (TEB) has been recently 

improved. We have tested a system using exclusively relative values of the impedance signal, and not absolute 

values (Z0). Indeed, the Z0 value has been described as being at origin of the practical limitations of TEB. We have 

chosen the Swan-Ganz method to provide  reference values, using boluses (B), or continuous cardiac output (CCO) 

(BAXTER
Ê

 Vigilance
®
).  

 

Results: 107 ICU patients underwent simultaneous CO measurements using the two methods (CO Swan Ganz : 20 B 

and 87 CCO). One measurement was performed on every patient (84 Male/23 Female, age 69±11 years, weight 

75±15 Kg, height 167±8 cm). Pathologies : aortic and bypass surgery 65 %, septic shock 18%, heart failure 7%, 

pulmonary patients 7%, misc. 3%. Linear regression factor was 0.88 (p<0.001). CO PhysioFlow = 0.75 CO Swan + 

1.33. Bland and Altman diagram is represented below (bias = -0.014 L/min). 
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Conclusion: This study has been done under the most difficult conditions for TEB : one single measurement per 

patient, and  patients presenting a very large variety of pathologies. This new TEB method deserves further 

investigations, using the Fick method, on the same range of unselected ICU patients. Indeed, literature displays that 

Fick as a reference method features a reduced dispersion of results compared to thermodilution.
1 

 

References: 1. Charloux et al., Eur. J. Appl. Physiol. (2000) 82: 313-320 
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Cardiac Output with a New Bioimpedance Monitor: 

Comparison with Thermodilution 

Methods 
 
 

Authors:  Gary R. Haynes, Ph.D., M.D., Xavier Moreau, M.D., J. M. Rousseau, M.D., J. C. Thiranos, M.D., L. 

Dubè, M.D. 

 

Anesthesia and Perioperative Medicine, Medical University of South Carolina, Charleston, South Carolina 

 

Introduction:  Thoracic electrical bioimpedance methods (TBI) for determining cardiac output (CO) have many 

potential advantages over invasive methods. TBI methods for determining cardiac output (CO) have improved in 

recent years. We evaluated a new monitor that uses relative values of the impedance signal (Z) rather than absolute 

values (Zo). The Zo value has been described as a limiting factor in the usefulness of TBI. This initial validation 

compares the TBI method to reference values obtained with the Swan-Ganz thermodilution (TD) method. 

 

Methods: The Institutional Review Boards approved this study. The study was conducted at four hospitals in the US 

and France.  CO measurements were made with pulmonary artery catheters placed for either intraoperative or ICU 

management of patients. Cardiac output determination by PA catheter (CO_TD) was made by using both the 

continuous CO readout catheters (BaxterÊVigilance®) and by the bolus injectate technique. Simultaneous CO 

measurements were made with a TBI monitor (PF_CO), (PhysioFlowÊ, Manatec Biomedical). Single 

measurements were made in the intensive care units following surgery or while the patients were being managed for 

other medical conditions. In a subset of patients comparative measurements were made pre-operatively following 

induction of general anesthesia and placement of the PA catheter. Values were compared by use of Pearson's 

correlation and Bland-Altman analysis. 

 

Results:  There were 112 patients enrolled in the study. The average age was 68 [plusmn 11 yrs (range 41 - 90) with 

a gender distribution of 84 male: 28 female subjects. The mean BSA was 1.88 ±0.22 M². One measurement was 

performed in each patient and in four instances two determinations (pre-op and post-op) were performed. Patient 

diagnoses included coronary artery bypass surgery (41%); shock (cardiogenic and septic, 21%); heart valve 

procedures, 13%; aortic reconstruction surgery, 12%; and other conditions, 13%. The Pearson correlation is 0.85 (p 

< 0.0001) with the estimate for TBI CO = 1.58 + 0.72 * TD-CO (Fig 1). For all measurements the CO_PF was 5.41 

± 1.63 L/min and the CO_TD was 5.31 ± 1.93 L/min. The Bland-Altman plot is shown in Fig. 2. The absolute 

difference between the PF_CO and TD_CO measurements was less than 20% in 75% of observations. 

 

Conclusions: This study validates the PhysioFlow thoracic bioimpedance monitor for the non-invasive 

determination of cardiac output against the thermodilution method as a reference standard. There is good agreement 

between the PhysioFlow monitor and pulmonary artery catheter for determination of the CO. A comparison of the 

PhysioFlow monitor to cardiac output by the Fick method is in progress.[figure1][figure2] 
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Conclusion of the report on PhysioFlow Studies performed 

at MUSC Charleston, SC and UPMC Pittsburgh, PA, 2007 
 
This multicenter study has been performed on a population of representative American patients referred to major 

medical institutions for severe cardiovascular diseases. In that frame PhysioFlow has proven that it is substantially 

equivalent to the predicate device (Philips) and FDA should grant clearance because: 

 

It performs much better that the predicate device in terms of accuracy and ability to provide clinically relevant 

numbers, even in difficult patients Its comparative measurements to a clinically accepted reference method are as 

good as expected with reference to the best scientific literature It performs as well as the best established invasive 

reference technique (Fick) with comparison to thermodilution 

 

In conclusion, this study achieved its objective of demonstrating  

1) the agreement in CO between the PhysioFlow ICG PF-05 and thermodilution is similar to or better than the 

agreement between the Philips ICG and thermodilution; and  

2) absolute agreement between the PhysioFlow ICG PF-5 itself and thermodilution is adequate when accounting for 

the known variability in the thermodilution reference method. 
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Value of Impedance Cardiography 

in Pulmonary Hypertension 

 

 

Adriano R. Tonelli, MD*; Hassan Alnuaimat, MD; Robin Carrie, APRN-BC and Kamal Mubarak, MD  

University of Florida, Gainesville, FL  

 

PURPOSE: To assess impedance cardiography as a method for obtaining a non-invasive hemodynamic evaluation 

in patients with pulmonary hypertension (PH).  

 

METHODS:  A total of 39 patients (age 57± 14 years, 87% women) with presumed (23%) or confirmed PH (77%) 

of different etiologies who underwent right heart catheterization (RHC) at University of Florida from August 2009 to 

March 2010 agreed to be studied by impedance cardiography (PhysioFlow(r) PF-05, Manatec Biomedical, 

Macheren, France) immediately after RHC. PhysioFlow(r) measures cardiac output (CO) and end-diastolic volume 

(EDV), among other parameters.  

 

RESULTS: The median pulmonary artery pressure was 36 (IQR 26-56)mm Hg. The CO (mean ± SD in l/m) by 

thermodilution (CO-T), Fick methodology (CO-F) and impedance cardiography (CO-IC) was 5.9 ± 2.2, 5.5 ± 1.6 

and 5.6 ± 1.5, respectively. Bland-Altman analysis of CO-T versus CO-F showed mean of 0.4 L/min (95% limit of 

agreement (LoA) 3.4 and -2.6), CO-T versus CO-IC a mean of 0.3 L/min (95% LoA 2.8 and -2.2) and CO-F versus 

CO-IC a mean of -0.1 L/min (95% LoA 2.5 and -2.7). Correlation between CO-T and CO-IC was R2 = 0.7, p < 

0.001. In patients with PH the correlation of CO-T and CO-IC had a mean of 0.4 L/min(95% LoA 2.9 and -2.2), R2 

= 0.75, p < 0.001.Pulmonary artery occlusion pressure (PAOP) correlated with EDV (R2 = 0.2, p = 0.005). By ROC 

analysis EDV of  200 ml had a sensitivity of 53% and a specificity of 86% for PAOP > 15 mm Hg (AUC: 0.78).  

 

CONCLUSION:  Impedance cardiography allows a reliable and non-invasive measurement of cardiac output in 

patients with PH. End-diastolic volume correlated with pulmonary artery occlusion pressure.  

 

CLINICAL IMPLICATIONS:  Impedance cardiography reliably measures cardiac output in patients with 

pulmonary hypertension. This methodology may serve as a valid tool for the hemodynamic evaluation of this group 

of patients.  

 

DISCLOSURE: Adriano Tonelli, No Financial Disclosure Information; No Product/Research Disclosure 

Information  

 

doi:10.1378/chest.10266 

(Chest. 2010; 138:359A) 

© 2010 American College of Chest Physicians 

 

 

 

  

 

 

 

 

 

 

http://chestjournal.chestpubs.org/misc/terms.dtl


 20 

VALIDATIONS  
 

REPRODUCIBILITY/ ELECTRODE PLACEMENT  
 
  

Singapore Med J 2006; 47(11): 967 

 
 

Measurement of Cardiac Output Using 

Physio Flow® with Different Positions 

of Electrode Placement 
 

 

Authors: Tan K H, Lai F O, Hwang N C 

 

Abstract;  

Introduction:  Physio Flow is a non-invasive impedance cardiograph device that measures cardiac output. 

Recommended electrode placements involve six electrodes, including two near the xiphisternum (Z3 and 

Z4/EcG3/neutral). This study aims to evaluate if changing the positions of these two leads to the left fourth and fifth 

intercostal spaces along the mid- axillary line results in a change in the cardiac output measurement. 

 

Methods: This was a prospective, controlled, crossover, paired study of 30 patients where electrodes were placed in 

the recommended positions and cardiac output (CO1) obtained after two minutes. The second cardiac output (CO2) 

was then obtained with the electrodes Z3 and Z4/EcG3/neutral repositioned at the left mid- axillary line at the fourth 

and fifth intercostal spaces. The final step involved switching the Z3 and Z4/EcG3/neutral leads back to the 

recommended position and the cardiac output (CO3) was measured. Results: the average of the initial and third 

readings (COave) was compared with the measured CO2 and analyzed. The regression equation was: CO at the 

proposed site (CO2) = COave at the recommended site + 0.058. The paired samples correlation was 0.995. Within 

the 95 percent limits of agreement, the bias with CO measured at the proposed site of electrode placement was 0.046 

L/min with the limits at -0.24 L/min and 0.34 L/min. the mean difference was 0.86% of the average CO. 

 

Conclusion: A small positive bias was demonstrated when Physio Flow measurements were taken with the leads Z3 

and Z4/EcG3/neutral placed in the mid-axillary line fourth and fifth intercostal spaces. 

 

Keywords: Electrode placements, Impedance, Non-invasive cardiac output monitoring, Physio Flow® 
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Best Detection of Coronary Artery Disease using a New 

Generation Impedance Cardiography: Comparison to 

Exercise Thallium 201 Scintigraphy 
 

 

Authors : JM Dupuis, F Prunier, W Abi-Khalil, Ph Pezard, F Bour, Ph Geslin, department of cardiology, C.H.U. 

Angers France. 

 

Abstract:  During exercise in patients with ischemia, contractility is impeded before electrical signs or angina 

appear. Therefore, measurement of contractility impairment could provide a highly sensitive approach to the 

detection of an ischemia. The protocol was designed to determine if a new, non invasive cardiac output measuring 

device (Physio Flow® : PF03, Manatec France) whose measurements are based on analysis of instant thoracic 

impedance (ICG) variations could be helpful to detect ischemia during exercise thallium scintigraphy. 

 

Methods: The efficiency of ICG in detecting myocardial ischemia was compared to treadmill exercise/redistribution 

thallium-201 scintigraphy. During exercise, patients had simultaneous measurement of stroke volume with ICG. ICG 

was considered abnormal if stroke volume at the peak of exercise was lower than another stroke volume measured 

before, and separated by at least 1 min from peak. Clinical was considered as positive if typical angina occurred and 

an abnormal ECG if ST-segment horizontal or descending depression > 1 mV lasting for at least 30 seconds. 

Ischemia was affirmed by a mismatch between exercise/redistribution thallium-201 scintigraphy. 

 

Results: 36 patients (30 men, age 62+/-11 years), 30 with proved CAD were submitted to treadmill 

exercise/redistribution thallium-201 scintigraphy. Stroke volume profile alteration always occurred earlier in 

exercise than ECG ST segment depression and angina. The sensitivity (Se), specificity (Sp), positive (PPV) and 

negative (NPV) predictive values are summarized in the following table. 

  

Se Sp PPV NPV

Angina 46% 74% 50% 71%

ECG(+) 31% 65% 33% 63%

ECG(+) and/or Angina 41% 66% 41% 66%

ECG(+) and Angina 33% 76% 43% 68%

ICG(-) 100% 74% 67% 100%  
 

Conclusions: Use of ICG during exercise allows for the estimation of stroke volume changes over time. These 

preliminary results show that it is a promising technique compared to ECG or other criteria for the detection of 

ischemia during exercise test with an excellent NPV. 
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Heart Journal, June 2000 Volume 83 supplement II   
 

 

Detection of Coronary Artery Disease (CAD) during Bicycle 

Exercise, using New Generation Impedance Cardiography 
 

 

Authors:  J.M. Dupuis, J. Bour, P Abraham, K. Kalife, C.H.U. Angers France. 

 

Abstract:  During exercise in patients with CAD, contractility is impeded before electrical signs or angina appear. 

Therefore, measurement of contractility impairment could provide a highly sensitive approach to the detection of 

CAD. The protocol was designed to determine if a new, non invasive cardiac output measuring device (Physio 

Flow® : PF03, Manatec France) whose measurements are based on analysis of instant thoracic impedance (ICG) 

variations that does not use average impedance baseline values could be helpful to detect CAD. 

 

Methods: On a 12 months period, subjects suspected of CAD had been submitted to an incremental bicycle exercise 

test (30 W / 2 min). Those who presented either an interpretable and abnormal ECG : [ECG(+)] ST-segment 

horizontal or descending depression > 1 mV lasting for at least 30 seconds, or typical angina during the exercise test 

were submitted to coronarography (n=29. 18 men/11 women, age = 57+/-10 years. Weight = 80+/-12 Kg. Height = 

170+/-9 cm). Coronarography, considered as the gold standard for comparison, were performed and analyzed by 

independent observers and quoted abnormal for at least 50% stenosis of the coronary arteries : coro(+). During 

exercise, patients had simultaneous measurement of stroke volume with ICG. ICG was considered abnormal if stroke 

volume at the peak of exercise was lower than another stroke volume measured before, and separated by at least 1 

min from peak. 

 

Results: Number of patients in each group are summarized in the table. Stroke volume profile alteration always 

occurred earlier in exercise than ECG ST segment depression. The sensitivity, specificity, positive and negative 

predictive values were respectively: 63, 20, 60, 22% for ECG alone; 68, 20, 62, 25 for angina alone: 84, 10, 64, 25% 

for ECG or angina; 100, 50, 79, 100% for ICG. 

  

coro(+) n=19 coro(-) n=10

ECG(+) 12 8

Angina 13 8

ECG(+) and Angina 9 7

ECG(+) and/or Angina 16 9

ICG SV depression 19 5  
 

Conclusions: Use of ICG during exercise allows for the estimation of stroke volume changes over time. As such, 

these preliminary results show that it is a promising technique for the non-invasive diagnosis of CAD. 
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Abstract: We determined if the early changes in central hemodynamics determined by transthoracic impedance 

induced by head-upright tilt test (70°HUT) could predict syncope. Heart rate, arterial blood pressure and central 

hemodynamics (pre-ejection period and rapid left ventricular ejection time (T1), slow ejection time (T2) and dZ/dtmax, 

assessed by the transthoracic impedance technique), were recorded during supine rest and 45 min 70°HUT in 68 

patients (40°2 years) with history of unexplained recurrent syncope. Thirty-eight patients (42 °3 years) had a 

symptomatic outcome to 70°HUT (fainters) and 30 (39°2 years) had a negative outcome (non-fainters). Between the 

5
th
 and 10

th
 minutes of 70°HUT, T2 increased significantly only in the fainters and a change of T2 >40 ms from 

baseline predicted a positive outcome with a sensitivity of 68% and a specificity of 70%. During supine rest, fainters 

exhibited a shorter T2 than non-fainters (183±10 ms vs.
 
233±14 ms, p<0.01). A T2 <199ms predicted a positive 

70°HUT outcome with a sensitivity of 68% and a specificity of 63%. The combination to the changes from rest to 

70°HUT of the other hemodynamic variables (heart rate >11 bpm, systolic <2 mmHg, diastolic <7 mmHg and pulse 

<-3 mmHg pressures) increased the specificity to 97% as well as the positive predictive value (93%). Transthoracic 

impedance could detect differences between fainters and non-fainters in central hemodynamics during supine rest 

and the initial period of 70°HUT with a consistent sensitivity and specificity when combined with peripheral 

hemodynamic variables. 
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Head-upright Tilt Test with Sublingual Nitroglycerin  

Predicts Hemodynamic Abnormalities 

in 70° Head-upright Tilt  
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Abstract:   We aimed to determine if the outcome to a head upright tilt test (70°HUT) with sublingual nitroglycerin 

(NTG) could retrospectively help to determine abnormal changes in central and peripheral hemodynamics to a 

standard (STD) 45 min 70°HUT without NTG in patients with unexplained syncope. 32 patients with negative 

outcome to a 70°HUT-STD were submitted to consecutive 70°HUT+NTG. Heart rate, arterial blood pressure (BP) 

and central hemodynamic assessed by transthoracic impedance variables (pre ejection +rapid left ventricular ejection 

time (T1, ms) and peak of first derivative of signal (dZ/dtmax) were recorded during supine rest, initial 5 min and 40-

45 min of a 70°HUT-STD. Changes from rest value of these variables (mean+/-SEM) were retrospectively compared 

(unpaired T test) between patients with a negative (n=15,NTG-) and positive (n=17,NTG+) outcome to a 

70°HUT+NTG. Differences were only observed during 40-45 min of 70°HUT-STD: systolic (NTG+:-18+/-4 vs 

NTG-:-2+/-4 mmHg;p<0.01), mean BP (-1+/-2 vs 6+/-2 mmHg;p<0.05) and dZ/dtmax (-51+/-30 vs 35+/-21 Ohm.s
-

1
;p<0.05). A drop of systolic BP >10mmHg and/or dZ/dtmax >13 Ohm.s

-1
 predicted positive outcome to 

70°HUT+NTG with a sensitivity of 82% and a specificity of 60% suggesting that abnormal response to a 

70°HUT+NTG was linked to 70°HUT-STD outcome. 
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Abstract: An 83-year-old woman presented with dilated cardiomyopathy. Cardiac resynchronization therapy was 

performed. Two weeks later, cardiac output and ventricular wall motion were estimated using impedance 

cardiography and tissue Doppler echocardiography with and without pacing. Cardiac output increased from 3.5 to 4.5 

l/m during biventricular pacing with a 120 msec atrioventricular interval. Intraventricular phase difference for 

contraction decreased from 190 to 150 msec. When the atrioventricular interval was 180 msec, cardiac output and 

phase difference became 4.6 l/m and 170 msec. These assessments were performed rapidly and non-invasively. New 

impedance cardiography and tissue Doppler echocardiography are useful to evaluate the effect of cardiac 

resynchronization therapy. 

 
Conclusion: The present case demonstrates usefulness of impedance cardiography and tissue Doppler 

echocardiography in the evaluation of the effect of cardiac resynchronization therapy on cardiac function. Using 

impedance cardiography, the cardiac output could be assessed easily and non-invasively. Impedance cardiography and 

tissue Doppler are useful for evaluating the beneficial effect of cardiac resynchronization therapy and determined the 

optimal AV delay interval. 
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Screening Tool for Cardiac Disease 
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Abstract:  Impedance cardiography (ICG) charts the rises and falls of thoracic impedance as the fluid content of the 

chest changes with each heartbeat. Breathing, arrhythmia, movements and posture interfere with the ICG. Modern 

pattern recognition software can now produce a composite Signal Averaged ICG, which considerably simplifies 

interpretation. 

 

The first derivative velocity waveform shows a smooth S wave that corresponds with systole, while the second 

derivative acceleration waveform (dZ/dt) contains several reference points that outline the A-wave, S and O-wave. 

Normally the A-wave follows atrial contraction and occurs in late diastole. It can, therefore, be abnormal in both 

atrial and ventricular arrhythmias, and is abnormally increased when there is diastolic dysfunction. The S-wave 

reflects ventricular contractility, and is deformed by ventricular dyssynchrony. The O-wave is associated with mitral 

valve opening and is abnormally enlarged in heart failure.  

 

These different patterns of ICG waveform are relatively easy to recognise and can be cost-effectively and quickly 

obtained to reliably distinguish between normal and abnormal cardiac function. 

 

Keywords: Impedance cardiography, Heart failure, Diastolic dysfunction, Dyssynchrony 
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Abstract;  

Objective: Clinical relevance of left ventricular (LV) diastolic dysfunction in the absence of congestive heart failure 

(CHF) and LV systolic dysfunction is not fully established. 

 

Methods: Asymptomatic outpatients, sedentary, with cardiovascular risk factors but no history of cardiovascular 

events, underwent echocardiographic evaluation of LV structure and function by standard Doppler, color M-mode, 

and Doppler tissue methods, and exercise testing with simultaneous noninvasive assessment of LV stroke index and 

cardiac index. LV ejection fraction less than 50% and significant valvular disease or stress test suggestive of 

coronary disease were additional exclusion criteria. 

 

Results: In 70 patients selected (40 ± 10 years old, 63% men, 34% hypertensive, 34% diabetic, 4% diabetic and 

hypertensive, 11% with LV hypertrophy), LV diastolic dysfunction was detected in 26%, which was associated with 

hypertension, higher LV mass index, lower systolic function, lower peak exercise heart rate, and chronotropic 

reserve (all P < .05), and with lower peak exercise stroke index and cardiac index (both covariates adjusted P < .05), 

but not with lower peak exercise metabolic equivalents (P > .5). Abnormal LV relaxation was independently 

correlated with lower peak exercise cardiac index and stroke index (both P < .05). Peak exercise systolic and cardiac 

indices were comparable between patients with CHF risk factors (74%) versus those without. 

 

Conclusion: Isolated LV diastolic dysfunction was independently associated with lower peak exercise LV systolic 

performance in patients without CHF. Its diagnosis may provide a target for aggressive CHF risk management. 
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Abstract 

Background: The lack of easy and fast method for optimizing AV and VV delay after cardiac resynchronization 

therapy (CRT), is a major deficiency of two-dimensional echocardiography combined with tissue Doppler imaging 

(TDI). The aim of our human study was to test a new non-invasive system for optimizing cardiac resynchronization. 

 

Methods and Results: Six to 12 months before bioimpedance and 2D echocardiographic study, 10 patients with 

symptomatic systolic heart failure were resynchronized with CRT device. At the subsequent session, a total of 78 

different steady-state hemodynamic conditions were studied by serially changing the pacemaker delays. 2D 

echocardiography with TDI capability was used as gold standard for optimal cardiac resynchronization. 

A validated system was employed for measuring the thoracic electrical bioimpedance (TEB). Physioflow TEB 

signals were recorded on a computer and left ventricular stroke volume was determined online by morphological 

analysis of the impedance waveforms. Optimal AV and VV delays by Physioflow TEB were defined when stoke 

volume was maximal. Optimal VV and AV delays obtained by echocardiography averaged 0±10 ms and 129±18 ms. 

Those obtained by bioimpedance averaged 0±21 ms and 133±28 ms, respectively. Bland-Altman analysis showed a 

good agreement between the echocardiography-obtained optimal delays and bioimpedance (mean difference, 

2±22ms). 

 

Conclusions: The Physioflow thoracic electrical bioimpedance system provided an accurate approach for adjusting 

AV and VV delays, suggesting an important application in cardiac resynchronization therapy. 

 

Keywords: Bioimpedance, Echocardiography, Systolic dysfunction, Heart failure, Resynchronization therapy 
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Abstract;   

Objective: Brain Natriuretic Peptide (BNP) is usually utilized to diagnose heart failure. However, BNP is expensive, 

measured invasively and is not specific to the left ventricle. The aim of this study was to calculate the thoracic fluid 

index (TFI, ohm), a new marker of pulmonary congestion measured using the electrical bioimpedance, and to 

correlate it to BNP level in normals and patients with heart failure.  

 

Methods and Results: 6 normals and 15 patients with EF < 35% were investigated. The BNP level was measured 

with with the Triage assay (Biosite). A commercially available system for measuring the thoracic bioimpedance 

(Physioflow, FR) was used for calculating TFI from 4 electrodes (2 at the upper chest and 2 in front of the xyphoid 

process) connected to a computer interfacing with a dedicated platform. Both BNP level and TFI were measured 

simultaneously. Mean BNP concentration and TFI were 777 ± 700 pg/ml (range from 5 to 2038 pg/ml) and 114 ± 37 

ohm (range from 45 to 170 ohm), respectively. Multiple regression analyses showed a good correlation and 

agreement between the BNP and TFI (r=0.93, figure. Cut-offs are in represented by dashed lines). Measurement of 

TFI was obtained in less than 2 minutes.  

 

Conclusions: The Thoracic Fluid Index provided good estimation of heart failure, suggesting an important 

application of this new parameter and bioimpedance method to detect heart failure. 
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Abstract;  

Purpose: ɓ-blockers are highly effective by reducing morbimortality in patients with systolic heart failure (SHF). 

However, failure to (re-)start or to titrate ɓ-blockers is frequent, occurring in 10% of these patients. We hypothesized 

that ɓ-blockers intolerance is attributable to persistent elevated afterload and that nebivolol would efficiently 

normalize it.  

 

Patients and Methods: We selected 20 SHF patients intolerant to ɓ-blockers. Reasons for intolerance were 

worsening heart failure and symptomatic peripheral hypoperfusion during up-titration. Using commercially available 

bioimpedancemeter (Physioflow, FR), we measured cardiac index (CI), total intrathoracic fluid (TIF), blood 

pressure, heart rate and NYHA functional class with the first ɓ-blocker and after substituting it to equidose 

nebivolol. Systemic vascular resistance index (SVRi) was calculated along with left cardiac work index (LCWi) 

using validated equations.  

 

Results and Discussion: Patients aged 63±15y. Both mean arterial pressure and heart rate significantly decreased 

with nebivolol from 106±12 to 99±7 mm Hg (p=0.002) and 74±14 to 71±12 (p=0.05), respectively. Effects of 

replacing the ɓ-blocker to nebivolol are shown in the table. There was a significant improvement in NYHA 

functional class from 2.9±0.5 to 2.1±0.9 (p=0.001) 

CONCLUSION: Patients with systolic heart failure, intolerant to ɓ-blockers, exhibit persistent elevated systemic 

vascular resistance. By reducing the systemic vascular resistances, nebivolol enhances cardiac output, decreases 

intrathoracic fluid, and therefore improves NYHA functional class.   

 

 

Hemodynamic Data by Bioimpedance  

 
With the first ɓ-

blocker 
Under nebivolol p 

CI (l/min/m²)    2,7±0,6 2,9±05    0.02 

SVRi (Dynesxs/cm5/m² 3028±540          2564±470 0.00002 

LCWi (J
ules) 3,96±1,16 3,93±0,82 NS 

TIF (1/ohm) 129±27       113±22 0.0003 
 

 

 

CI: cardiac index, TIF: total intrathoracic fluid, SVRi: Systemic vascular resistance index, LCWi: left cardiac work 

index  
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PURPOSE We have previously proposed an optimized high-intensity interval exercise (HIIE) protocol in patients 

with chronic heart failure (CHF). However, central hemodynamic response during HIIE has not been studied in 

patients with CHF. The aim of this study was to compare central hemodynamic responses during our optimized HIIE 

protocol compared to that of an isocaloric moderate-intensity interval exercise (MICE) session.  

Methods: Thirteen CHF patients (59±6 years, NYHA I-III, LVEF 27 %) performed in random order a single session 

of HIIE (2×8min) consisting in 30s at 100% of maximal aerobic power (MAP) alternating with 30s of passive 

recovery or an isocaloric MICE (22min) at 60% of MAP. Gas exchange, central hemodynamic measured by cardiac 

bioimpedance, ECG and blood pressure were monitored continuously. Mean pulmonary VO2 uptake, cardiac output 

and arterio-venous differences as well as kinetics of those variables were compared during MICE and HIIE. 

Results: See Table 1. A mode effect was noted for pulmonary VO2 and C(a-v)O2 kinetics (p<0.0001) with lower 

values measured during HIIE compared to MICE. A mode effect was noted for cardiac output kinetics (p<0.01) with 

higher values measured during HIIE vs. MICE.  

Conclusions: Compared to MICE, optimized HIIE elicited a greater central hemodynamic response in patients with 

CHF associated with a lower pulmonary VO2 uptake and arterio-venous difference. HIIE may be an interesting 

complementary exercise training modality that could favorably improve central hemodynamic responses during 

exercise training intervention in patients with CHF. 

 

Table 1 

Parameters 

MICE 

22min 

HIIE 

16 min 

ANOVA 

P value 

VO2 (ml/min) 1052±300 977±276 <0.0001 

Cardiac output (l/min) 9.25±2.33 9.89±4.29 0.0007 

C(a-v)O2 (ml/100 ml) 11.57±3.42 10.55±3.42 <0.0001 

Mean power (Watts) 58±17 48±14 <0.0001 

Total exercise time 22 8 --- 
 

 

Central hemodynamic responses during MICE and HIIE 
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with Pulmonary Hypertension 
 
 

 

Authors:  R. Syyed, A.J. Peacock Scottish Pulmonary Vascular Unit, Western Infirmary, Glasgow, UK 

 

Abstract:  Patients with pulmonary hypertension (PHT) are deemed ónon-respondersô (NR) if they show no response 

to vasodilators at rest. We therefore decided to investigate the effects of vasodilators on pulmonary haemodynamics 

during exercise. 

 

Methods: We investigated 4 patients, (2 female, 2 male) with PHT to determine pressure and flow changes over a 

range of flows. Flow was changed by straight leg raising. A micromanometer tipped continuous pulmonary artery 

pressure (PAP) catheter was inserted. All 4 were non-responders to a 

vasodilator challenge (defined as a reduction of >20% in pulmonary vascular resistance). Resting pressure was 

measured and then 3 mins of supine alternate straight leg raising was performed, whilst the subjects inhaled air or 

nitric oxide (NO, 40-80 ppm) and oxygen (O2, 15L min). Cardiac Output (CO) was measured by non-invasive 

impedance cardiography. Subject data was pooled using the method described by Poon (J. Appl Physiol. 1998; 

64:854-9). The best-fit line for Pressure Flow (P-Q) plots was determined by linear regression. An adjusted two 

paired student t-test was used to compare the line gradients. 

 

 
Results: We found that although total pulmonary vascular resistance (as defined as mean PAP/ CO) showed no 

change at rest, the slope of the P-Q plots decreased with vasodilators during exercise (p<0.0005). 

 

Conclusion: In each of these 4 subjects, whilst there was no vasodilator response at rest, there was an improving 

relationship between pressure and flow during exercise whilst receiving the vasodilators NO & O2. In patients with 

PHT, the assessment of vasodilator response may be better performed during exercise than at rest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 34 

APPLICATION STUDIES  
 

LUNG DISEASE AND INTERNAL MEDICINE  
 

 

Respiration and Circulation (Japan), vol. 51 N°12, December 2003 

 

 

Dynamic Monitoring during Exercise in Familial 

Amyloid Polyneuropathy (FAP) Type I 
 

 
Authors: Tetsuro Kusaba

1
, Yoshifumi Nakahara, Akiyoshi Matsumuro, Takashi Nakamura, Shouhei Sawada, 

Masamitsu Nakazato
2
. 

 
1 Department of Cardiology, Saiseikai Shiga Hospital 
2 Third Department of Internal Medicine, Miyazaki Medical College 

 

Abstract:  A 64-years-old man was admitted to our hospital with complaints of orthostatic faintness and occasional 

diarrhea. An echocardiogram of the left ventricule demonstrated a severe restrictive disorder and granular sparkling 

appearance in the thickened walls. Microscopic findings of the myocardial biopsy revealed massive intramuscular 

accumulation of eosinophilic exudates and severe atrophy of myocytes. Cardiac 
99m

 Tc-pyrophosphate (PYP) findings 

showed diffuse marked uptake in both left and right ventricules. Cardiac 
123

I-meta-iodobenzyl-guanidine (MIBG) 

findings showed complete defect on both early and delayed images. Genetic analysis revealed a single amino acid 

substitution at codon 30 of transthyretine (TTR), named FAP type I. Dynamic monitoring of the cardiac index 

peripheral vascular resistance in postural positions and exercise was measured by non invasive methods 

(PhysioFlow
TM

 Lab-1). The results of analysis indicated that the fall in blood pressure during exercise in our case was 

markedly affected by the lowering of peripheral vascular resistance. The cardiac index showed almost the same value 

during monitoring. 

These findings suggest that orthostatic hypotension without increase in heart rate and output in a denervated 

myocardium is markedly accelerated by peripheral vascular sympathetic denervation in FAP type I. The present case 

is considered to be the first one encountered in Shiga.  

 

Keywords: FAP type I, Cardiac amyloidosis, PhysioFlow
TM

 Lab-1 
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Introduction:  Negative intrathoracic pressure (NIP) is a defining features of OSA that acutely augments demand on 

cardiac function during apneas. Previous studies have shown distinct hemodynamic changes in healthy subjects 

undergoing simulated apneas. We sought to investigate the cardiovascular effects of NIP during and after a 

simulated apnea in awake patients with OSA versus healthy subjects. 

Methods: Subjects included 15 healthy males (Mean ± SD: age = 38.6 ± 6.3 yr; BMI = 22.7 ± 5.4; all low risk by 

Berlin questionnaire; neck circumference = 38.71 ± 2.4) and 10 recently diagnosed OSA patients (age = 44.3 ± 10.7 

yr; BMI = 33.3 ± 8.0; AHI = 45.4 ± 37.1). Cardiac function was monitored by non-invasive bioimpedance at 

baseline and during and 3 minutes after two 30-second Mueller maneuvers (MM).   

Results: During simulated apneas, stroke volume (SV) decreased in both groups with no response difference 

between control and OSA groups (-5.4 ± 6.5 % and -2.7 ± 11.0 %, p=0.5, respectively). When compared on 

myocardial contractility index (MCI), the OSA group showed an increase (11.8 ± 14.3 %) and controls a decrease (-

7.5 ± 4.9%; p<0.0001) during apnea. In the post-apnea period, SV in controls increased in a compensatory fashion 

and returned to baseline by the end of the 3 minutes. In contrast, SV declined in OSA patients to pre-apnea values 30 

seconds after breathing was restored, suggesting a blunted response. Post-apnea, MCI was different only 

immediately after termination of the MM, when the OSA response was higher than for controls (18.9 ± 27.5 % 

versus -8.5 ± 11.9 %, p<0.004).  

Conclusion: NIP appears to provoke unique hemodynamic changes in patients with untreated OSA. This indicates 

possible chronic adaptations of left ventricle arising from repetitive nocturnal apneas in untreated OSA.  

Support: Study supported by NeuMeDx Inc. 
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Background: Respiratory muscle unloading during exercise could improve locomotor muscle oxygenation by 

increasing oxygen delivery (higher cardiac output and/or arterial oxygen content) in patients with chronic obstructive 

pulmonary disease (COPD).  

Methods: Sixteen non-hypoxaemic men (forced expiratory volume in 1 s 42.2 (13.9)% predicted) undertook, on 

different days, two constant work rate (70ï80% peak) exercise tests receiving proportional assisted ventilation 

(PAV) or sham ventilation. Relative changes (%) in deoxyhaemoglobin (HHb), oxyhaemoglobin (O2Hb), tissue 

oxygenation index (TOI) and total haemoglobin (Hbtot) in the vastus lateralis muscle were measured by near-

infrared spectroscopy. In order to estimate oxygen delivery (DO2est, l/min), cardiac output and oxygen saturation 

(SpO2) were continuously monitored by impedance cardiography and pulse oximetry, respectively.  

Results: Exercise tolerance (Tlim) and oxygen uptake were increased with PAV compared with sham ventilation. In 

contrast, end-exercise blood lactate/Tlim and leg effort/Tlim ratios were lower with PAV (p<0.05). There were no 

between-treatment differences in cardiac output and SpO2 either at submaximal exercise or at Tlim (ie, DO2est 

remained unchanged with PAV; p>0.05). Leg muscle oxygenation, however, was significantly enhanced with PAV 

as the exercise-related decrease in (O2Hb)% was lessened and TOI was improved; moreover, (Hbtot)%, an 

index of local blood volume, was increased compared with sham ventilation (p<0.01).  

Conclusions: Respiratory muscle unloading during high-intensity exercise can improve peripheral muscle 

oxygenation despite unaltered systemic DO2 in patients with advanced COPD. These findings might indicate that a 

fraction of the available cardiac output had been redirected from ventilatory to appendicular muscles as a 

consequence of respiratory muscle unloading. 
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Abstract 

 

This study addressed whether O(2) delivery during recovery from high-intensity, supra-gas exchange threshold 

exercise would be matched to O(2) utilization at the microvascular level in patients with mitochondrial myopathy 

(MM). Off -exercise kinetics of (1) pulmonary O(2) uptake [Formula: see text] (2) an index of fractional O(2) 

extraction by near-infrared spectroscopy (ȹ[deoxy-Hb + Mb]) in the vastus lateralis and (3) cardiac output (Q (T) (') 

) by impedance cardiography were assessed in 12 patients with biopsy-proven MM (chronic progressive external 

ophthalmoplegia) and 12 age- and gender-matched controls. Kinetics of [Formula: see text] were significantly 

slower in patients than controls (Ű = 53.8 ± 16.5 vs. 38.8 ± 7.6 s, respectively; p < 0.05). Q (T) (') , however, declined 

at similar rates (Ű = 64.7 ± 18.8 vs. 73.0 ± 21.6 s; p > 0.05) being typically slower than [Formula: see text] in both 

groups. Importantly, ȹ[deoxy-Hb + Mb] dynamics (MRT) were equal to, or faster than, [Formula: see text] in 

patients and controls, respectively. In fact, there were no between-group differences in [Formula: see 

text]/MRTȹ[deoxy-Hb + Mb] (1.1 ± 0.4 vs. 1.0 ± 0.2, p > 0.05) thereby indicating similar rates of microvascular 

O(2) delivery. These data indicate that the slower rate of recovery of muscle metabolism after high-intensity exercise 

is not related to impaired microvascular O(2) delivery in patients with MM. This phenomenon, therefore, seems to 

reflect the intra-myocyte abnormalities that characterize this patient population. 
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Abstract 

BACKGROUND AND OBJECTIVE: 

Proportional assist ventilation (PAV) has been proposed as a more physiological modality of non-invasive 

ventilation, thereby reducing the potential for deleterious cardio-circulatory effects during exercise, in patients with 

COPD. We therefore evaluated whether PAV modulates the kinetic and 'steady-state' haemodynamic responses to 

exercise in patients with moderate-to-severe COPD. 

METHODS: 

Twenty patients underwent constant-load (75-80% peak work rate) cycle ergometer exercise testing to the limit of 

tolerance (T(lim)), while receiving PAV or breathing spontaneously. Stroke volume (SV), heart rate (HR) and 

cardiac output (CO) were monitored by impedance cardiography. 

RESULTS: 

Compared with unassisted breathing, PAV increased T(lim) in 8/20 patients (median improvement 113% (range 8 to 

212) vs -20% (range -40 to -9)). PAV had no significant effects on 'steady-state' haemodynamic responses either in 

patients with or those without increased T(lim) (P > 0.05). However, at the onset of exercise, SV kinetics were 

slowed with PAV, in 13/15 patients with analysable data. HR dynamics remained unaltered or failed to accelerate 

sufficiently in nine of these patients, thereby slowing CO kinetics (T(1/2) 61 s (range 81-30) vs 89 s (range 100-47)). 

These deleterious effects were not, however, associated with PAV-induced changes in T(lim) (P > 0.05). 

CONCLUSIONS: 

PAV slowed the SV and CO kinetics at the onset of high-intensity exercise in selected patients with moderate-to-

severe COPD. However, these adverse effects of PAV disappeared during the stable phase of exercise, and were not 

related to the ergogenic potential of PAV in this patient population. 

 

© 2010 The Authors; Respirology © 2010 Asian Pacific Society of Respirology. 
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Abstract 

 

This study addressed whether hyperoxia (HiOX=50% O2), compared to normoxia, would improve peripheral muscle 

oxygenation at the onset of supra-gas exchange threshold exercise in patients with chronic obstructive pulmonary 

disease (COPD) who were not overtly hypoxemic (resting Pa OϜ> 60 mmHg ). Despite faster cardiac output and 

improved blood oxygenation, HiOX did not significantly change pulmonary O2 uptake kinetics ( VOϜp ). 

Surprisingly, however, HiOX was associated with faster fractional O2 extraction ( approximately Delta[deoxy-

Hb+Mb] by near-infrared spectroscopy) (p<0.05). In addition, an "overshoot" in Delta[deoxy-Hb+Mb] was found 

after the initial fast response only in HiOX (7/11 patients) thereby suggesting impaired intra-muscular O2 delivery ( 

Q'O Ϝmv)-to-utilization. These data indicate that, despite improved "central" O2 delivery, Q'OϜmv adapted at a 

slower rate than muscle VOϜ under HiOX in non-hypoxaemic patients with COPD. Our results question the 

rationale of using supplemental O2 to improve muscle oxygenation during the transition to high-intensity exercise in 

this patient sub-population. 
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Abstract 

Inspiratory pressure support (IPS) plus positive end-expiratory pressure (PEEP) ventilation might potentially 

interfere with the "central" hemodynamic adjustments to exercise in patients with chronic obstructive pulmonary 

disease (COPD). Twenty-one non- or mildly-hypoxemic males (FEV(1) = 40.1 +/- 10.7% predicted) were randomly 

assigned to IPS (16 cmH(2)O) + PEEP (5 cmH(2)O) or spontaneous ventilation during constant-work rate (70-80% 

peak) exercise tests to the limit of tolerance (T (lim)). Heart rate (HR), stroke volume (SV), and cardiac output (CO) 

were monitored by transthoracic cardioimpedance (Physioflow, Manatec, France). Oxyhemoglobin saturation was 

assessed by pulse oximetry (SpO(2)). At similar SpO(2), IPS(16) + PEEP(5) was associated with heterogeneous 

cardiovascular effects compared with the control trial. Therefore, 11 patients (Group A) showed stable or increased 

Delta "isotime" - rest SV [5 (0-29) mL], lower DeltaHR but similar DeltaCO. On the other hand, DeltaSV [-10 (-15 

to -3) mL] and DeltaHR were both lower with IPS(16) + PEEP(5) in Group B (N = 10), thereby reducing DeltaCO 

(p < 0.05). Group B showed higher resting lung volumes, and T (lim) improved with IPS(16) + PEEP(5) only in 

Group A [51 (-60 to 486) vs. 115 (-210 to 909) s, respectively; p < 0.05]. We conclude that IPS(16) + PEEP(5) may 

improve SV and exercise tolerance in selected patients with advanced COPD. Impaired SV and CO responses, 

associated with a lack of enhancement in exercise capacity, were found in a sub-group of patients who were 

particularly hyperinflated at rest. 
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Abstract 

Impaired muscle blood flow at the onset of heavy-intensity exercise may transiently reduce microvascular O(2) 

pressure and decrease the rate of O(2) transfer from capillary to mitochondria in chronic heart failure (CHF). 

However, advances in the pharmacological treatment of CHF (e.g., angiotensin-converting enzyme inhibitors and 

third-generation beta-blockers) may have improved microvascular O(2) delivery to an extent that intramyocyte 

metabolic inertia might become the main locus of limitation of O(2) uptake (Vo(2)) kinetics. We assessed the rate of 

change of pulmonary Vo(2) (Vo(2)(p)), (estimated) fractional O(2) extraction in the vastus lateralis (approximately 

Delta[deoxy-Hb+Mb] by near-infrared spectroscopy), and cardiac output (Qt) during high-intensity exercise 

performed to the limit of tolerance (Tlim) in 10 optimally treated sedentary patients (ejection fraction = 29 + or - 

8%) and 11 controls. Sluggish Vo(2)(p) and Qt kinetics in patients were significantly related to lower Tlim values (P 

< 0.05). The dynamics of Delta[deoxy-Hb+Mb], however, were faster in patients than controls [mean response time 

(MRT) = 15.9 + or - 2.0 s vs. 19.0 + or - 2.9 s; P < 0.05] with a subsequent response "overshoot" being found only in 

patients (7/10). Moreover, tauVo(2)/MRT-[deoxy-Hb+Mb] ratio was greater in patients (4.69 + or - 1.42 s vs. 2.25 + 

or - 0.77 s; P < 0.05) and related to Qt kinetics and Tlim (R = 0.89 and -0.78, respectively; P < 0.01). We conclude 

that despite the advances in the pharmacological treatment of CHF, disturbances in "central" and "peripheral" 

circulatory adjustments still play a prominent role in limiting Vo(2)(p) kinetics and tolerance to heavy-intensity 

exercise in nontrained patients. 
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Abstract 

We have previously shown that post-exercise inspiratory resistive loading (IRL) reduces blood lactate ([Lac(b)(-)]). 

In this study, we tested the hypothesis that IRL during recovery could improve subsequent exercise performance. 

Eight healthy men underwent, on different days, two sequential 30-s, cycle ergometer Wingate tests. During the 10-

min recovery period from test 1, subjects breathed freely or through an inspiratory resistance (15 cm H(2)O) with 

passive leg recovery. Arterialized [Lac(b)(-)] values, perceptual scores (Borg), cardiac output by impedance 

cardiography (QT), and changes in the deoxygenation status of the M. vastus lateralis by near-infrared spectroscopy 

(DeltaHHb), were recorded. [Lac(b)(-)] was significantly reduced after 4 min of recovery with IRL (peak [Lac(b)(-)] 

12.5 +/- 2.3 mmol l(-1) with free-breathing vs. 9.8 +/- 1.5 mmol l(-1) with IRL). Effort perception was reduced 

during late recovery with IRL compared with free-breathing. Cardiac work was increased with IRL, since heart rate 

and QT were elevated during late recovery. Peripheral muscle reoxygenation, however, was significantly impaired 

with IRL, suggesting that post-exercise convective O(2) delivery to the lower limbs was reduced. Importantly, IRL 

had a dual effect on subsequent performance, i.e., improvement in peak and mean power, but increased fatigue index 

(P < 0.05). Our data demonstrate that IRL after a Wingate test reduces post-exercise effort perception and improves 

peak power on subsequent all-out maximal-intensity exercise. 
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Abstract 

 

Blood flow requirements of the respiratory muscles (RM) increase markedly during exercise in chronic heart failure 

(CHF). We reasoned that if the RM could subtract a fraction of the limited cardiac output (QT) from the peripheral 

muscles, RM unloading would improve locomotor muscle perfusion. Nine patients with CHF (left ventricle ejection 

fraction = 26 +/- 7%) undertook constant-work rate tests (70-80% peak) receiving proportional assisted ventilation 

(PAV) or sham ventilation. Relative changes (Delta%) in deoxy-hemoglobyn, oxi-Hb ([O2Hb]), tissue oxygenation 

index, and total Hb ([HbTOT], an index of local blood volume) in the vastus lateralis were measured by near 

infrared spectroscopy. In addition, QT was monitored by impedance cardiography and arterial O2 saturation by pulse 

oximetry (SpO2). There were significant improvements in exercise tolerance (Tlim) with PAV. Blood lactate, leg 

effort/Tlim and dyspnea/Tlim were lower with PAV compared with sham ventilation (P < 0.05). There were no 

significant effects of RM unloading on systemic O2 delivery as QT and SpO2 at submaximal exercise and at Tlim 

did not differ between PAV and sham ventilation (P > 0.05). Unloaded breathing, however, was related to enhanced 

leg muscle oxygenation and local blood volume compared with sham, i.e., higher Delta[O2Hb]% and 

Delta[HbTOT]%, respectively (P < 0.05). We conclude that RM unloading had beneficial effects on the oxygenation 

status and blood volume of the exercising muscles at similar systemic O2 delivery in patients with advanced CHF. 

These data suggest that blood flow was redistributed from respiratory to locomotor muscles during unloaded 

breathing. 
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