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Abstract, European Journal of Applied Physiologyolume 82 Issue 4 (2000) pp 3130

A New Impedance Cardiograph Device fothe Non-invasive
Evaluation of Cardiac Output at Rest and During Exercise:
Comparison with the "Direct" Fick Method

Authors: Anne Charloux, Evelyne Lonsdorf@Yolf, Ruddy Richard, Eliane Lampert, Monique Oswald
Mammosser, Bertrand Mettauer, Bernard Gaean Lonsdorfer

Service des Explorations Fonctionnelles Respiratoires, C&lidinlatoires et de I'Exercice, Hopitaux Universitaires
de Strasbourg, Hoépital Civil, BP 426, 67091 Strasbourg Cedex, Franad:eanne.charloux@physiap.u
strasbg.fr Tel.#33-388116122; Fax: +3388116467

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 stesiaye dynamic leg exercigeork 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;.pp and the direct Fick @&dot;.r) methods. Forty patients referred for right cacdia
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" Thenmean difference between the

two methods Q&dot;rig-Q&dot;pp) was 0.04 | - minl at rest and 0.29 | - miinduring exercise. The limits of
agreement, defined as mean difference + 2SD, wieB#, +1.41 | - min at rest and2.34, +2.92 | - min during

exercise. The difference between the two methodeeded 20% in only 2.5% of the cases at rest, and 9.3% of the
cases during exercise. Thoracic hyperinflation did not gtdot;..= We conclude that the Physio Flow provides a
clinically acceptable and neinvasive evaluation of cardiac output under éhesnditions. 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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European Journal of Applied Physiology/olume 85 Issue 3/4 (July 2001) pp 26207
DOI 10.1007/s004210100458

Non-invasive Cardiac Output Evaluation during a Maximal
Progressive Exercise Test, Using a New Impedance
Cardiograph Device

Authors : Ruddy Rchard, Evelyne LonsdorfaVolf, Anne Charloux, Stéphane Doutreleau, Martin Buchbheit,
Monique OswaleMammosser, Eliane Lampert, Bertrand Mettauer, Bernard Geny, Jean Lonsdorfer

Service des Explorations Fonctionnelles Respiratoires, Caidinlatoires etle I'Exercice, Hopitaux Universitaires
de Strasbourg, Hopital Civil, BP 426, 67091 Strasbourg Cedex, France

E-mail: ruddy.richard@physialp.u-strasbg.fr

Phone: +33388116122 Fax: +3388116467

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

Abstract. One of the greatest challenges in exercise physiology is to develop a valid, reliabileyasive and
affordable measurement of cardiac output (CO). The purpose of this study was to evaluate the reproducibility and
accuracy of a new impedancardiograph device, the Physio Flow, during-anih 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 comparaftie weile their CO was measured by impedance
cardiography using the new device (& COmp2), and (2) in a subgroup of 7 subjects CO was also determined by
the direct Fick method (G§y) during the second test. The mean difference between the valtasedbby
impedance (i.e. Cy1-COpmpz) Was -0.009 I-mint (95% confidence intervak4.2 I-mir', 4.2 I-min'), and CO
ranged from 3.55 |-mihto 26.75 |-miff (n=146). When expressed as a percentage, the differengg,(QWimp2)

did not vary with inceasing CO. The correlation coefficient between the values @f,@0@d CQ;. obtained during

the second exercise test wa$.94 £<0.01,n=50). The mean difference expressed as percentag2wasdbo (95%
confidence intervak27.44%, 21.78%). We concladhat CQ,, 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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Int J Sports Med2004; 25:145-149 DOI: 10.1055/2004-819949

Measurements of Cardiac Output during Constant
Exercises: Comparison of Two Norinvasive
Techniques

Authors: N. Tordi2, 3, L. Mourotl, 2, B. Matusheski3, R. Hughsori

! Laboratoire de Physiologie Médecine, Place St Jacques, Besancon, France
2 Laboratoire des Sciences du Sport, Place St Jacques, Besancon, France
8 University of Waterloo, Department of Kinesiology, Waterloo, On, Canada

Abstract: We compared cardiac outp(¢CO) determined simultaneously by electrical impedance cardiography
method (CQ) and by the C@rebreathing technique (GR:g) during three different steaehtate exercises (target

heart rate of 120, 140, and 160 iirin 8 healthy fit young men. Thmean difference correlation coefficient
obtained between the values of g&£and CQreg was 0.85 and the mean difference (EC0:res) Was 0.06 I/min

(0.12 %). At 120 miit, CQcg was lower than C&eg but the tendency was reversed at 140 and 160 mhere

COICG was higher than CO2REB. This evolution may be explained by the difficultly of using CO2 rebreathing
technique at the highest steaghate exercises and by the progressive acidemia due to exercise. The present results
suggest that electrical impadce cardiography method provides acceptable evaluation of CO and may favourably
replace the C&rebreathing technique during mild (or moderate) to high stetatg exercises.

Keywords: Impedance cardiograph@€O. rebreathing technique, Indirect Fick principle, Stestdye exercise
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Chest, 2005 Apr; 127(4):112:31.Links

Does Thoracic Bioimpedance Accurately Determine Cardiac
Output in COPD
Patientsduring Maximal or Intermittent Exercise?

Authors: Bougault V, LonsdorfeWolf E, Charloux A, Richard R, Geny B, Oswaithmmosser M.

Service des Explorations Fonctionnelles Respiratoires et de I'Exercice, Hopital Civil, BP 426, 67091
Strasbourg CedeXrance

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 wasevaluate 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 cardiogsafite direct Fick method applied to oxygen.

Patients: Eight patients with moderate-severe COPD (59 +6 years old; FEV(1), 38 +5% predicted; residual

volume, 194 +/ 64% predicted) [mean +/SD].Measurements and main results: Faitye simultaneus
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 measuremergsew = 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- 22 +/min during the IET and 2.5 +/

2.1 L/min during the IWET. Expressed as a percentage of the mean afatlmeeasurements, 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 (hyperinflateatignts and intense exercise).

IMPORTANT NOTE FROM THE MANUFACTURER

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

list. Its results may not look as favorable as alldtieer abstractdHowever, it is to be noted that the protocol was
performed in a wayt h at is not c o mp | i arinstructiong Mhenvektigatony havel dsedc t ur et
particular prototype version of the PhysioFlow software in spite of our insisteatéheyshould not do so. They

have used electrodes that were not thessmmmended for optimal results. Moreover, data of this study have
disappeared forrthe hard disk of the computer, making it impossible to reanalyze them widippinepriate version

of the sdtware. In addition, it is questionable that Fick woudrform well under incremental or strenuous
intermittent work exercise test.
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Eur J Appl Physio, 2005Jun; 94(3):22834. Epub 2005 May 26.

Reliability of Peak VO (2) and Maximal Cardiac Output
Assessed using Thoracic iBimpedance in Children

Authors: Welsman JBywater K Farr G Welford D, Armstrong N

Children's Health and ExercidResearch 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 oérdiac 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 yEars
completed a cycle ergometer test to voluntary exhaustion on thcesiags 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 ddtermin
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 anthere was no evidence of noniform 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 analysedsby revealed no consistent differences. The PhysioFlow method allows
norrinvasive, beato-beat determination of cardiac output and stroke volume which is feasible for measurements
during maximal exercise in children. The reliability of the PhysioFloVg ta¢tween 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 EKeyser PhD,Scott M.Pau| MD, RossAreng PhD, PT Jonathan FPlehn
MD, Jack A.Yanovski MD, PhD,Nicholas A.Di ProsperoMD, 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 doubland, placebecontrolled, phase Il 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 ran§é17y) 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 (pe#2y 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 \@* SD was746+246mL/min (16.2+5.8mL/kg/min), and WR was 40+23W for all subjects.

Peak VQand WR were correlated with short guanadenineadenine allele length and neurologic function.
Relative left ventricular wall thickness was increased but left ventriculaiajdraction was normal in most
subjects; there was no relationship between any exercise and echocardiographic measures. There were no significant

changes in mean peak Y2®@r 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 potentiallyitoprove features of FA, idebenone treatment did not increase exercise capacity
relative to placebo.

Key Words: Exercise Friedreich Ataxialdebenone [substance namRghabilitation
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Reliability of exercise cardiac output measurement in COPD
using impedancemetry: comparison with CO2 and inert gas
rebreathing.

Authors: S. Kapchinsky, BSt J. Baril, MS¢, J. Laurirt, H. Perrault PhD, J. Bourbeau, Mband T.Taivasallo,
PhD'. RECRU- Montreal Chest Institutef theMcGill University HealthCenter, Canada.

Rationale.

Interest in the measurement of exercise cardiac outpitifi@atients 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 capacitiat&pthe ability to measure Qc
nortinvasively in these patients is constrained by techniques dependent upon appropriate ventilation: perfusion for
adequate pulmonary bloaghs diffusion. The technique of thoracic bioimpedance presents an interestingtiake

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
(Physioflov ®) compared to standard GQOebreathing and inegas rebreathing (Innocor ®) techniques for use in
testrestest submaximal steady state exercise.

Methods.

Stable COPD patients (N=&6+4 yrs; FEM{= 56t6% pred.)were assessed on 2 occasions sephiageat least 2

days. Qovasmeasured using the 3 techniques at the endnoihbite steadystate cycling at 20, 35, 50 ab8%peak
powerbouts 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 testetest mean values. GQ@ebreathing resulted in systematically higher
values both at rest and duriegercise as compared to Physiof®ey mean @& L/ mi n: 0.5 rest;
50% peak power). In contrast, Inno@oresulted in systematically lower rest and exercise values as compared to
Physioflow® ( mean @& L/ mi n: 1 . 635589 pgeak pdwer)p Results. aBq sholved8he eoefficiand ,
of reproducibility calculated on tesgstest to be highest in Physiofl@wR? = 0.80) comparedvith Innoco® and

CO, rebreathing (R= 0.72 and 0.53)

Conclusions.

Thesepreliminaryresults sigges that thoracic bioimpedance presents a valuable tool to monitar QOPDunder

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

Fundedby: Respiratory and Epidemiology ClinicResearch Unit of the McGill University Health Center
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Does Advanced Cardiac Impedancé&echnology Accurately
Measure Cardiac Output During Submaximal Steady State
Exercise?

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

Email: jazzerco@mac.com

Abstract: PURPO PURPOSE: This study detened if advanced cardiac impedance technology (ACI) could
accuratelymeasure cardiac output during steatiyte cycling exercise compared to values calculated using the
direct Fick equatiordeveloped by Stringer et al (1997). METHOD: VO2 max was deteunon both a treadmill
(Mean = 3.96 £ 1.2iters/min) and cycle ergometer (Mean = 3.42 + 1.2 liters/min) in 15 subjects (Age; 34.3. £ 9.4
yrs). Steadystate exerciswattage was set at 25%, 50%, and 75% of peak watts achieved. Subjects exercised 8 mins
at each stage. The lastmins were used to determine the ACI values for cardiac output (Q), heart rake, st
volume, EDV, SBP, DBP, anslystemic vascular resistance. Both the submaximal and maximal exercise trials were
performed in duplicate to assuaecuate data collection. No significant differences were observed irreiestt

trials. Thus, the mean of duplicate trialsas used for all data analyses. RESULTS: There was no significant
difference between the cardiac output determinedhieyStringer equegn and the ACI measured Q value. The
percent differences acr 042X, -E5eant6.7% dor then2b%, B0, dny % off o r
max watts, respectively. Linear regression analyses indicated rsqu&88, SEE = 0.20 liters, p = .00Eor all

trials combined, the mean percent difference between the stiagdinc output and the ACI cardiac output was
0.5%.

STAGE INTENSITY  VO2 |% OF VO2 MAX A-V DO2 gTR'NGER gc' % DIFFERENCE
25% MAX WATTS 1.37 |40.1 0.097258 [14.1 135 4.2%
50% MAX WATTS 217 635 0.120650 [18.0 183 -15%
75% MAX WATTS 3.02 883 0.145504 [20.8 222 -6.7%
MEAN OF ALL TRIALS 2.19 |63.9 0.121138 [18.1 17.97 0.5%

Conclusion: In conclusion, these data indicate that the ACI system used in this study was highly accurate in
determininga per sonds Q during steady state exercise rang
studies need to determine if similar accuracy can be achieved using other forms of exercise, i.e., treadmill.

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

Category (Complete):204 acute exercise

Keyword (Complete): cardiac impedance ; steady state exercise ; cycle ergometry
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Vol. 51 (2010) No. 3 pp.176175

Effects of Acute Hypoxia at Moderate Altitude on Stroke
Volume and Cardiac Output During Exercise

Authors: Taira Fukudg Taketeru MaegavaAkihiro Matsumotd®, Yutaka KomatstjToshiaki Nakajima, Ryozo
Nagal andTakash Kawahara

!Department of Cardiovascular Medicine, Graduate School didWe, The University of Tokyo
2Jamn Institute of Sports Sciences

3 apan ¥oitegenodPhysical Education

“Tokyo University of Foreign Studies

Astract: It has been unclear toacute 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 performedaximal exercise testing under normobaric normoxic, and
normobaric hypoxic conditions ¢014.4%) in a randomized ordek.novel thoracic impedance method was used to
continuously measure SV and cardiac output (CO) during exercise.

Acute hypoxia decreasedaximal work rate (hypoxia; 247 + 6 [SE] versus normoxia; 267 = 8 W,

P < 0.005) and VO2nax (hypoxia; 2761 + 99 versus normoxia; 3039 + 133 mL/Rn,0.005).Under hypoxic
conditions, SV and CO at maximal exercise decreased (SV: hypoxia; 145 + 14 nensioxia; 163 £ 11 mL,

P < 0.05, CO: hypoxia; 26.7 + 2.1 versus normoxia; 30.2 £ 1.8 L/AN0.05). In acute hypoxia, SV during
submaximal exercise at identical work rate decredsedhermore, in hypoxia, 4 of 9 subjects attained their highest
SV a& 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 lemgieofi@mobaric
hypoxia might be attenuatednt heart J 2010 : 17075)

Key words: Normobaric hypoxiaCardiac outpytOxygen uptakeExercise testing
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The Ergogenic Effect of Recombinant HumarErythropoietin on V
O2max Depends on the Severity of Arterial Hypoxemia

Abstract

Treatmentwith recombinant human erythropoietin (rhEpo) induces a rise in blood oxageying capacity (Ca02)

that unequivocally enhances maxi mal oxygen uptake (VE
is carried out in severe acute hypoxia.sThii mpl i es t hat there should be a th

less dependent on CaO2.

To ascertain which are the mechanisms explaining the
measured systemic and leg O2 transport and utilizatioing incremental exercise to exhaustion in normoxia and

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

gain in systemic VO2max observed in normoxia7®) persisted during mild hypox{&% at inspired O2 fraction

(F102) of 0.173) and was even larger during moderate hypoxial {24 at FIO2 = 0.153).134). When hypoxia

was further augmented to FIO2 = 0.115, there was nofiEpal uced enhancement of syste
| eg V &mebhanismhighlighted by our data is that besides its strong influence on Ca0O2, rhEpo was found to

enhance |l eg V E O2max in normoxia through a preferen
legs, whereas this advantageous effect pgisared during severe hypoxia, leaving augmented CaO2 alone
insufficient for improving peak |l eg 02 delivery and V

during moderate hypoxia but became abruptly Ga@2pendent by slightly increagjrthe 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
Recombi nant Human Er yt hr op otheSevernity 0b Arterisl HypoxedzanRLaS ONE p e n d
3(8): €2996. doi:10.1371/journal.pone.0002996
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Figure 2: Agreement between impedance and dye dilution for cardiac output measurement.
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Effects of Acute Hypoxia at Moderate Altitude on Stroke Volume and
Cardiac Output During Exercise

Taira FUKUDA,' MD, Taketeru MAEGAWA,” PhD, Akihiro MaTsumoTo,™* MD, Yutaka KomaTsu,” MD,
Toshiaki NAkAJiMa,' MD, Ryozo Nacal,' MD, and Takashi Kawauara,” MD

SUMMARY

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 al-
ter SV during exercise.

Nine healthy male subjects performed maximal exercise testing under normobaric normoxic, and normobaric
hypoxic conditions (O,: 14.4%) in a randomized order. A novel thoracic impedance method was used to continu-
ously 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 VO, 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 exer-
cise 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; 51: 170-175)

Key words: Normobaric hypoxia, Cardiac output, Oxygen uptake, Exercise testing
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Cardiac Output Measurements: Comparison Betweea New
Transthoracic Electrical Biomimpedance Method
(Physi of | owE)-Gaaznvidthad [CentinBiaus n
Cardiac Output or Bolus Technique)

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

ICU T University HospitalAngers
* |CU, Val de Grace Military Hospital, Paris
** |CU, Cardiovascular Surgery, Strasbourg

Abstract: Cardiac Output (CO) measurement using Transthoracic Electrical Bioimpedance (TEB) has been recently
improved. We have tested a system using exalgsivelative 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 SwaGanz method to provide reference values, using bolusesi(Byntinuous cardiac output (CCO)
(BAXTERF Vigilance®).

Results 107 ICU patients underwent simultaneous CO measurements using the two methods (CO Swag 8anz

and 87 CCO). One measurement was performed on every patient (84 Male/23 Female, age&%tMeight

7515 Kg, height 167+8 cm). Pathologiesortic 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 Altmadiagram is represented below (biag€d=014 L/min).
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R s .
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23 s n

T [ ‘IIII ™ T
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— L LI
e AT
E= h .
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(@] . -2SD
O 3- -

CO: average of the two methods
(L/min)

Conclusion This study has been done under the most difficult conditions for T8 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 thernfodilution.

References1. Charloux et al., Eur. J. AppPhysiol. (2000) 82: 31320

16



THERMODILUTION/REST

Anesthesiology 2006; 105; A470
October 152006

9:00 AM-11:00 AM

Room Hall E, Area C

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.
Dubé, 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 methddl 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 inghdngss of TBI. This initial validation
compares the TBI method to reference values obtained with the Garmnthermodilution (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 r eadogilance®)andhog the bokis injeBtatex techniqéeV $imultaneous CO
measur ement s wer e ma d e wi t h a TBI monitor (PF_CO)
measurements were made in the intensive care units following surgery or while the patientsngemabaped for

other medical conditions. In a subset of patients comparative measurements were rugudapinely following

induction of general anesthesia and placement of the PA catheter. Values were compared by use of Pearson's
correlation and Bland\Itman analysis.

Results: There were 112 patients enrolled in the study. The average age was 68 [plusmn 11 yrs (r&0yevith

a gender distribution of 84 male: 28 female subjects. The mean BSA was 1.88 +0.22 M2. One measurement was
performed in eaclpatient and in four instances two determinations-ggeand posbp) were performed. Patient
diagnoses included coronary artery bypass surgery (41%); shock (cardiogenic and septic, 21%); heart valve
procedures, 13%; aortic reconstruction surgery, 12%;aher conditions, 13%. The Pearson correlation is 0.85 (p

< 0.0001) with the estimate for TBI CO = 1.58 + 0.72 *-TD (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 Blaftchan plot is shown in Ej. 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 theinwasive
determination of cardiac output againgt 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 progriegsgti][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 represetatercan patients referred to major
medical institutions for severe cardiovascular diseases. Irfrttmaé PhysioFlow has proven that it is substantially
equivalent to the predicate devigehilips) and FDA should grant clearance because:

It performs mgh better that the predicate device in terms of accuracy and abiljpyovide clinically relevant
numbers, even in difficult patienlis comparative measurements to a clinically accepted reference method are as
good as expected with reference to tlestlscientific literaturét performs as well as the best established invasive
reference technique (Fickj)ith comparison to thermodilution

In conclusion, this study achieved its objective of demonstrating

1) the agreement in COetween the PhysioFIoWCG PF05 and thermodilution is similar to or better than the
agreement between the Philips ICG and thermodilution; and

2) absolute agreemehetween the PhysioFlow ICG PFitself and thermodilution is adequate when accourfong
the known variabilityin the thermodilution reference method.
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Value of Impedance Cardiography
iIn Pulmonary Hypertension

Adriano R. Tonelli, MD*;Hassan Alnuaimat, MD; Robin Carrie, APRBC and Kamal Mubarak, MD
University of Florida, Gainesville, FL

PURPOSE:To assess impedance cardiography as a method for obtainingiravasive hemodynamic evaluation
in patients with pulmonary hypertensiorHP

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 stadiby impedance cardiography (PhysioFlow(r)®: Manatec Biomedical,

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

(EDV), among other parameters.

RESULTS: The median pulmonary artery presswas 36 (IQR 266)mm Hg. The CO (mean + SD in I/m) by
thermodilution (CQT), Fick methodology (C&F) and impedance cardiography (€C) was 5.9+ 2.2, 55+ 1.6

and 5.6 + 1.5, respectively. Bla#dtman analysis of C&X versus CGF showed mean of 0.41fn (95% limit of
agreement (LoA) 3.4 an@.6), COT versus CGAC a mean of 0.3 L/min (95% LoA 2.8 ar2l2) and CGF versus

CO-IC a mean of0.1 L/min (95% LoA 2.5 aneR.7). Correlation between CDand COIC was R2 = 0.7, p <

0.001. In patients with Pkhe correlation of CEX and COIC had a mean of 0.4 L/min(95% LoA 2.9 aad?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 sfieity of 86% for PAOP > 15 mm Hg (AUC: 0.78).

CONCLUSION: Impedance cardiography allows a reliable and-imvasive measurement of cardiac output in
patients with PH. Endiiastolic 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 FinancidDisclosure Information; No Product/Research Disclosure
Information

doi:10.1378/chest.10266

(Chest. 2010; 138:359A)
© 2010American College of Chest Physicians
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Measurement of Cardiac Output Using
Physio Flow® with Different Positions
of Electrode Placement

Authors: Tan KH, Lai F O, Hwang N C

Abstract;

Introduction: Physio Flow is a noinvasive 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 thigiquus of these two leads to the left fourth and fifth
intercostal spaces along the méXillary line results in a changa the cardiac output measurement.

Methods: This was a prospective, controlled, crossover, paired study of 30 patients where electrodes were placed in
the recommendepositions and cardiac output@@) obtained after two minutes. The second cardiac o(EDP)

was then obtained with the electrod&sahd Z4/EcG3/neutral repositioned at the left-aixillary line at the fourth

and fifth intercostal spaces. The final step involved switching the Z3 and Z4/EcG3/neutral leads Hask to t
recommended position and the cardiac outp®3Cwas measured. Réts: the average of the initial and third
readings (©ave) was compared with theeasured O2 and analyzed. The regression equatias: CO at the
proposed site (02) = COave at the recommended site + 0.058. The paired samples correlation was\GtHie5.

the 95 percent limits of agreemetite bias with © 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 aveéfage

Conclusion: A small positive bias as demonstrated when Physio Flow measurements were taken with the leads Z3
and Z4/EcG3/neutral placed in the raidillary line fourth and fifth intercostapaces.

Keywords: Electrodeplacements, Impedancepiinvasive cardiac output monitoring, PhysioWw®
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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 AlKhalil, 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, measuramef 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 measuremardgsbased 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/redistribut
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 byleast 1 min from peak. Clinical was considered as positive if typical angina occurred and

an abnormal ECG if S§egment horizontal or descending depression > 1 mV lasting for at least 30 seconds.
Ischemia was affirmed by a mismatch between exercise/tiedisdn thallium201 scintigraphy.

Results: 36 patients (30 men, age 62#l vyears), 30 with proved CAD were submitted to treadmill
exercise/redistribution thalliurBO1 scintigraphy. Stroke volume profile alteration always occurred earlier in
exercise tha 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 I

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 hagrgitive 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 eitheriraerpretable and abnormal ECGECG(+)] 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 “1@7%ears. Weigh= 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 eor@(eks During

exercise, ptents 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 patierst in each group are summarized in the table. Stroke volume profile alteration always
occurredearlier in exercise than ECG ST segment depression. The sensitivity, specificity, positive and negative
predictive values were respectively: 63, 20, 60, 22% foGHRlone; 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,
thesepreliminary results show that it is a promising technique for theimeaasive diagnosis of CAD.
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Changes in Transthoracic Impedance Signal redict
Outcomeof 70° Headup Tilt T est.

Authors: Elisabeth Bellard Jacquelivier Fortraf, Daniel Schany JearMarc Dupuié, Jacques Victdrand
Georges Lefthériotis
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Abstract: We determined if the early changiscentral hemodynamics determined by transthoracic impedance
induced by headpright tilt test (70°HUT) could predict syncope. Heart rate, arterial blood pressure and central
hemodynamics (prejection period and rapid left ventricular ejection time) ($low ejection time (7) and dZ/dt,a
assessed by the transthoracic impedance technique), were recorded during supine rest and 45 min 70°HUT in 68
patients (402 years) with history of unexplained recurrent syncope. Teidirt patients (42 3 years) hada
symptomatic outcome to 70°HUT (fainters) and 30°@9ears) had a negative outcome (fiaimters). Between the

5" and 10" minutes of 70°HUT, Tincreased significantly only in the fainters and a change,0f4D ms from
baseline predicted a positiegitcome with a sensitivity of 68% and a specificity of 70%. During supine rest, fainters
exhibited a shorter ;lthan norfainters (18310 ms v233+14 ms, p<0.01). A ,;1<199ms predicted a positive
70°HUT outcome with a sensitivity of 68% and a specificify63%. 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 predictiv®3#8lieTransthoracic
impedance could detect differences between fainters andaimdars in central hemodynamics during supine rest
and the initial period of 70°HUT with a consistent sensitivity and specificity when combined with peripheral
hemodynamic vaables.
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Head-upright Tilt Test with Sublingual Nitroglycerin
Predicts Hemodynamic Anormalities
in 70° Head-upright Tilt

Authors: Bellard Elisabeth, Fortrat Jacqu@$ivier, Dupuis JeatMarc, Victor Jacques, Lefthériotis Georges.
Pflugers Arch Eur J Physiol (2002) 444: R49,S3 26.

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 wiblat NTG in patients with unexplained syncope. 32 patients with negative
outcome to a 70°HU-BTD were submitted to consecutive 70°HUT+NTG. Heart rate, arterial blood pressure (BP)
and central hemodynamic assessed by transthoracic impedance variablesc{jone €japid left ventricular ejection
time (T,, ms) and peak of first derivative of signal (dZ/gtwere recorded during supine rest, initial 5 min and 40
45 min of a 70°HUTSTD. Changes from rest value of these variables (meaEM) were retrospectaly compared
(unpaired T test) between patients with a negative (n=15;\Nait&l positive (n=17,NTG+) outcome to a
70°HUT+NTG. Differences were only observed duringmin of 70°HUFSTD: systolic (NTG+18++4 vs
NTG-:-2+/-4 mmHg;p<0.01), mean BP1+/-2 vs 6+F2 mmHg;p<0.05) and dZ/df, (-51+~30 vs 35+21 Ohm.s
1:p<0.05). A drop of systolic BP >10mmHg and/or dZ/gt13 Ohm.& predicted positive outcome to

70°HUT+NTG with a sensitivity of 82% and a specificity of 60% suggesting that abnormal respans
70°HUT+NTG was linked to 70°HU'BTD outcome.
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Impedance Cardiography andQuantitative Tissue
Doppler Echocardiography for Evaluating the Effect of
Cardiac Resynchronization Therapy

Authors: Hitoshi Adachi, MO Tomoya Hratsuiji, MD ; Shigeki @kurai, MO Hiroshi Tada, MO Takuji Tomoya
Koichi MD FJCG Shigeto Mito, MD; Hiroshi Hoshizaki, MDQ Shigeru Ghima MD FJCC ; Rniguchj MD FJCC.

From Division of Cardiology, Gunma Prefectural Cardiovascular Center Gunma

Abstract: An 83yearold woman presented with dilated cardiomyopathy. Cardiac resynchronization therapy was
paformed. 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
I/m during biventricular pacing with a @2msec 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 #r& and 170 msec. These assessments wdagrped rapidly and neimvasively. 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 cardiographyssaad Dbppler
echocardiography in the evaluation of the effect of cardiac resynchronization therapy on cardiac function. Using
impedance cardiography, the cardiac output could be assessed easilyiandsiggly. Impedance cardiography and
tissue Doppleare useful for evaluating the beneficial effect of cardiac resynchronization therapy and determined the
optimal AV delay interval
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Impedance Cardiography- a Rapid and Costeffective
Screening Tool for Cardiac Disease

Authors: Jean Bour, MD; John Gale Kellett, MD

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 nowog@uce 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 (dzZ/dt) contains several reference points that outlinevthee AS and Qvave.
Normally the Awave followsatrial 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 dysfunctiorwde S
reflects ventricular contractility, and is deformed by ventdc dyssynchrony. The-@ave 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-dfectgely and quickly
obtained to reliably digtguish between normal and abnormal cardiac function.

Keywords: Impedance cardiography, Heart failure, Diastolic dysfunctigrssnchrony
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Isolated Left Ventricular Diastolic Dysfunction: Implications
for Exercise Left ventricular Performance in Patients
without Congestive Heart Failure

Authors: V. Palmieri , C . Russo, Palmieri , E. Arezzi, S .éxzullo , S. Minichiello , SMartino,
P. Migliaresi , A Celentano

Abstract;
Objective: Clinical relevance of left ventricular (LV) diastolic dysfunction in the absence of congestive heart failure
(CHF) and LVsystolic dysfunction is not fully established.

Methods: Asymptomatic outpatients, sedentary, with cardiovascular risk factors but no history of cardiovascular
events, underwent echocardiographic evaluation ofstrMcture and function by standard Doppler, colemdde,

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 diseaskess 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 dysfunctieas 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 soadpisted 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 wee 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 pravitdgget 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 twiimensional echocardiography combined with #s8foppler imaging
(TDI). The aim of our human study was to test a newingasive system for optimizing cardiac resynchronization.

Methods and Results:Six to 12 months before bioiregdance and 2D echocardiograpbktady, 10 patients with
symptomaticsystolic heart failure were resynchronized with C&vice. At the subsequent session, a total of 78
different steadystate hemodynamic conditions were studied by serially changing the pacemaker delays. 2D
echocardiography with TDI capability was used aklgtandard 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 onlinpHnjogiocgl
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 agad 0+21 ms and 133+£28 ms, respectively. Blalichan analysis showed a

good agreement between the echocardiograitgined optimal delays and bioimpedance (mean difference,
2+22ms).

Conclusions: The Physioflow thoracic electrical bioimpedance systeaviged an accuratapproach for adjusting
AV and VV delays, suggesting an important application in camgisgnchronization therapy.

Keywords: Bioimpedance, Echocardiographys$olic dysfunctbn, Heart failure, Resynchronization therapy
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Evaluation of a New Noninvasive, Thoracic Bioimpedance Monitor

for Hemodynamic Monitoring in Pediatric Patients

Gary R Haynes, PhD, MD and Jeremy Ringewald, MD
UYL VIS M IVl Depariments of Anesthesia and Perioperative Medicine and Pediatrics, Division of Pediatric Cardiology
Medical University of South Carolina, Chareston, South Carolina

_

Hemodynamic monitoring with a pulmonary artery
catheter is a common practice in adults, but
anesthesiclogists and surgeons rarely use invasive
maonitoring routinely in pediatric patients because of the
technical difficulties and associated risks. A reliable,

Cardiac structure
Mormal 21
Anocmaly 22

non-invasive methed fior determining cardiac cutput and | Completed studies
hemaodynamic values may be useful in pediatric patients |Incomplete studies

fior optimal management. We report preliminary data
evaluating & new thoracic bicimpedance (TBI} system
for determination of hemodynamic values im pediatric
patients in & prospective, observational study.

Fobowing Insttuticnal Board Feview approval and parental 7 a0+
informed consent, we studied 33 patients presenting for k-
diagnostic candiac catheterization. Enmollment was mnot ;1 _
restricted. AN procedures were performed under generd -
anesthesia or moderate sedation. Patients had cardiac il
output measured by either 3) a medified Fick prnciple [l
application where oxygen content of arterial and pulmonary Ea
artery blood was measured directly and oxygen uptake was e

Cardiac pathophysiclogy

Mo shunt 36

Left-to-right T

Right —to-left 3
FCL-Fick 21

PCL-TD 22

(N=12).

Fig. 1. Bland-Altman analysis and comelation
comparing cardiac output by TBI versus
thermadilution in pediatric cardiclogy patients
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estimated or b} measured with thermodiiution (TD) catheters. 1 T T T
TBI determinations of cardiac output were made with the g o 4D

PhysioFlow PF-05 (Mannates, Inc. Paris, FR). Cardiac ndex
determinations (Fick or TD versus TEI) were analyzed using

the Bland-Altman analysis. 1
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Fig. 1. Bland-Albman analysis and comelation
comparing cardiac output by TBI versus
cardicdogist's Fick estimate in pediatric cardiclogy
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TBI determines SO by measuring the change in an electrical impedance
signal, £ This is measured by attaching skin electrodes at the base of the
neck and sternum. Some devices use the absolute value of the signal (Zo).
which has been descrbed as a limiting factor in the ussfulness of TBL. We
evaluated a new monitor that uses relative walues of the impedance signal
rather than absclute values. This system has good agreement with the TD
method for measuring Cl in adults_2

The data provided by this monitor has good agreement with values obtained
by thermodilution. Difficulties in obtaining simultanecus TBI readings while
abtaining blood samples for the modified Fick amd uwsing estmates for
axygen uptake instead of measuring cxygen comsumption accounts for the
greater difference betwesn TBI and Fick Cl walues. TBI may be a useful
method for the noninvasive monitoring pediatric hemodynamics.
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New Non Invasive Marker ofHeart Failure with Pulmonary
Congestion: Thoracic Electrical Bioimpedance

Authors: F. Bauerl, S. Cordier Pouchain2, E. Benmokhtar2, B. Kurtz2, G. Grezis Soulie2, A. Grildip2H.U.
Charles Nicolle, Rouen Cedex, France (2) C.H.U. Charles Nicolle, Rouen, France

Abstract;

Objective: Brain Natriuretic Peptide (BNP) is usually wt#id 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 ttecalebioimpedance, 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 commaeibi 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. BigtHeBel and TFI were measured
simultaneously. Mean BNP concentration and TFIl 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
agreemenbetween the BNP and TFI (r=0.93, figure. @fiis 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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Patients with Systolic Heart Failure Show Improvement with
Long-Acting, Cardioselective BetaBlocker Nebivolol when
Others Fall
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Abstract;

Purpose: b-blockers are highly effective by reducing morbimortality in patients with systolic heart failure (SHF).
However, failureto (r§ st ar t  o-blockers is treguent, adcweringhin 10% of these patients. We hypothesized
t h a-blockérs intolerancas attributable to persistent elevated afterload and that nebivolol would efficiently
normalize it.

Patients and Methods:We sel ected 20 SHF -boekers. &Reasons far mtolerhneer veene t T
worsening heart failure and symptomatic periphbygoperfusion during ufitration. Using commercially available
bioimpedancemeter (Physioflow, FR), we measured cardiac index (CI), total intrathoracic fluid (TIF), blood
pressur e, hear't rate and N Y-bldckerf anch aftér igostituting it © leguslasse wi t h
nebivolol. Systemic vascular resistance index (SVRI) was calculated along with left cardiac work index (LCWi)
using validated equations.

Results and DiscussionPatients aged 63+15y. Both mean arterial pressure and hearigrafieantly 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

r epl ac i-ogkerttohrebivdlol are shown in the table. There was a significant improvement in NYHA
functional class from.2+0.5 to 2.1+0.9 (p=0.001)

CONCLUSI ON: Patients with s y-lldckers,iexhibithpersistent elévated|systergig i n
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

\ti\lgclierh the Under nebivolol [p
ClI (I/min/m?2) 2,7+0,6 2,9+05 0.02
SVRi (Dynesxs/cm5/mj3028+540 2564+470 0.00002
LCWi (J ules) 3,96+1,16 3,93+0,82 NS
TIF (1/ohm) 129+27 113422 0.0003

Cl: cardiac index, TIF: total intrathoracic fluid, SVRi: Systemic vascular resistance index, LCWi: left cardiac work
index
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Central hemodynamicresponses during highintensity
interval exercise and moderate continuous exercise in
patients with chronic heart failure.
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PURPOSE We have previously proposed an optimizedihighsity interval exercise (HIIE) protocol in patients

with chronic heart failure (CHF). Heever, 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 modenatiensity interval gercise (MICE) session.

Methods: Thirteen CHF patients (596 years, NYHAIl, LVEF 27 %) performed in random order a single session

of HIIE (2x8min) consisting in 30s at 100% of maximal aerobic power (MAP) alternating with 30s of passive
recovery or aisocaloric 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 arterievenous differences as well as kineticshafge variables were compared during MICE and HIIE.

Results: See Table 1. A mode effect was noted for pulmonary VO2 and)O2 kinetics (p<0.0001) with lower
values measured during HIIE compared to MICE. A mode effect was noted for cardiac output {prétigs) 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 aitenous difference. HllEhay be an interesting
complementary exercise training modality that could favorably improve central hemodynamic responses during
exercise training intervention in patients with CHF.

Table 1
MICE HIIE ANOVA
Parameters

22min 16 min P value
VO, (ml/min) 1052+300 9774276 <0.0001
Cardiac output (I/min) 9.25+2.33 9.89+4.29 0.0007
C(av)O, (ml/100 ml) 11.5743.42 10.55+3.42 <0.0001
Mean power (Watts) 58+17 48+14 <0.0001
Total exercise time 22 8

Central hemodynamic responses during MEZHE HIIE
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Haemodynamics during Exercise are a Better Measure
of Vasodilator Response in Human Subjects
with Pulmonary Hypertension

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

Abstract: Pat i ent s with pul monary hypeerptoenrdseirssnd ((NHRT)) idr & hde
to vasodilators at rest. We therefore decidethvestigate 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 raistnignicromanometer tipped continuous pulmonary artery
pressure (PAP) catheter was inserted. All 4 wereresponders to a

vasodilator challenge (defined as a reduction of >20% in pulmonary vascular resistance). Resting pressure was
measured and then 3 mioksupine alternate stight leg raising was performgghilst the subjects inhaled air or

nitric oxide (NO, 4680 ppm) and oxygen (O2, 15L min). Cardiac Output (CO) was measured tigvacive

impedance cardiography. Subject data was pooled using thednd¢scribed by Poon (J. Appl Physiol. 1998;
64:8549). The besfit line for Pressure Flow {®) plots was determined by linear regression. An adjusted two
paired studenttest was used to compare the line gradients.

Results: We found that although tal pulmonary vascular resistance (as defined as mean PAP/ CO) showed no
change at rest, the slope of theQP plots decreased with vasodilators during exercise (p<0.0005).

Conclusion: In each of these 4 subjects, whilst there was no vasodilator resgomress, dhere 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.
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Dynamic Monitoring during Exercise in Familial
Amyloid Polyneuropathy (FAP) Type |

Authors: Tetsuro Kusaba Yoshifumi Nakahara, Akiyoshi Matsumuro, Takashi Nakamura, Shouhei Sawada,
Masamitsu Nakazato

! Department of Cardiology, Saiseikai Shiga Hospital
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Abstract: A 64-yearsold 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 walsicroscopic findings of the myocardial biopsy revealed massive intramuscular
accumulation of eosinophilic exudates and severe atrophy of myocytes. &ardimpyrophosphate (PYP) findings

showed diffuse marked uptake in both left and right ventric@lesdiac'*i-metaiodobenzyiguanidine (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 |. Dynamic monitoring of tiae aadx
peripheral vascular resistance in postural positions and exercise was measured by non invasive methods
(PhysioFlow™ Lab-1). The results of analysis indicated that the fall in blood pressure during exercise in our case was
markedly affected by ehlowering 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 accelerateg peripheral vascular sympathetic denervation in FAP type I. The present case

is considered to be the first one encountered in Shiga.

Keywords: FAP type |, @rdiac amyloidosis, PhysioFIdWLab-1
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Unique cardiac response during apneas in obstructive sleep
apnea (OSA) patients

Authors: Adrian Arort, Wesley DuBose Dwayne Elli$, John M.Gregyj Donald Zedali§ William G. Herbert
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Tech, Blacksburg, V.

Introduction: Negative intrathoracic pressure (NIP) is a defining features of OSA that acutely augments demand on
cardiac function during apneas. Previous stutli@ge 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 icluded 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). Cardiaarfction was monitored by nednvasive bioimpedance at
baseline and during and 3 minutes after twes86ond Mueller maneuvers (MM).

Results: During simulated apneas, stroke volume (SV) decreased in both groups with no response difference
between controbnd OSA groups-$.4 £ 6.5 % and2.7 + 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 ggstea peod, 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 patieraptepnralues 30
seconds after breathing was restored, suggesting a blunted responsapneasMCl 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 t@rovoke uniqgue hemodynamic changes in patients with untreated TAindicates
possible chronic adaptations of left ventricle arising from repetitive nocturnal apneas in untreated OSA.

Support: Study supported bieuMeDx Inc.
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Respiratory muscle unloading improves leg muscle
oxygenation during eercise in patients with COPD
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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 mn-hypoxaemic men (forced expiratory volume in 1 s 42.2 (13.9)% predicted) undertook, on
different days, two constant work rate (B0% peak) exercise tests receiving proportional assisted ventilation
(PAV) or sham ventilation. Relative change&%) in deaxyhaemoglobin (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, |/min), cardiac outputygad saturation
(Sp0O2) 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, engxercise blood ldaate/Tlim and leg effort/Tlim ratios were lower with PAV (p<0.05). There were no
betweertreatment differences in cardiac output and SpO2 either at submaximal exercise or at Tlim (ie, DO2est
remained unchanged with PAV; p>0.05). Leg muscle oxygenationeyewwas significantly enhanced with PAV

as the exerciseelated decrease ith(O2Hb)% was lessened and TOI was improved; morealgHbtot)%, an

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

Conclusions:Respiratorymuscle unloading during higintensity 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 redirectedviesntilatory to appendicular muscles as a

consequence of respiratory muscle unloading.
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Skeletal muscle reoxygenation after higlintensity exercise
in mitochondrial myopathy.
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Abstract

This study addressed wher O(2) delivery during recovery from hightensity, supragas 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) uptakeoifmula: see text] (2) an index of fractional O(2)
extractionbynear nf r ar ed s p e c-Hby+dvib]L i theywas{uspdtadatiscamdy(3) cardiac output (Q (T) ()

) by impedance cardiography were assessed in 12 patients with -pigpgn MM (chronicprogressive external
ophthalmoplegia) and 12 agand gendematched controls. Kinetics of [Formula: see text] were significantly
sl ower in pat i ®5.8116.5Vs. 80 766, mespeatively; g 0.045). Q (T) () , however, declined

ats i mi | ar=647a 188 vs. 13& 21.6s; p>0.05) being typically slower than [Formula: see text] in both
groups. I mp o rHb a MK dygamicsYIRITe wereyequal to, or faster than, [Formula: see text] in
patients and controls, respediy. In fact, there were no betwegroup differences in [Formula: see

t ext ]/ MR-Hap{Mble(b¢¥.4 vs. 1. 0.2, p>0.05) thereby indicating similar rates of microvascular
O(2) delivery. These data indicate that the slower rate of recoverysmienmetabolism after higintensity exercise

is not related to impaired microvascular O(2) delivery in patients with MM. This phenomenon, therefore, seems to
reflect the intramyocyte abnormalities that characterize this patient population.
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Abstract
BACKGROUND AND OBJECTIVE:

Proportional assist ventilan (PAV) has been proposed as a more physiological modality ofinnasive
ventilation, thereby reducing the potential for deleterious casidilatory effects during exercise, in patients with
COPD. We therefore evaluated whether PAV modulates thati&iand 'steadgtate’ haemodynamic responses to
exercise in patients with moderatesevere COPD.

METHODS:

Twenty patients underwent constdoad (7580% peak work rate) cycle ergometer exercise testing to the limit of
tolerance (T(lim)), whilereceiving 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 148% {oan

212) vs-20% (range40 to-9)). PAV had no significant effects on 'steastgte’ 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 B/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 (rar@f@) 8% 89 s (range 1647)).

These deleterious effects were not, howeasspciated with PANWduced changes in T(lim) (P > 0.05).

CONCLUSIONS:

PAV slowed the SV and CO kinetics at the onset of dimggnsity exercise in selected patients with modet@te
severe COPD. However, these adverse effects of PAV disappeared dusiapteephase 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% 02), compared to normoxia, would improve glempkele
oxygenation at the onset of sugras exchange threshold exercise in patients with chronic obstructive pulmonary
disease (COPD) who were not overtly hypoxemic (resting P 60 mmHg ). Despite faster cardiac output and
improved blood oxygenatignHIOX did not significantly change pulmonary O2 uptake kinetics (FYO).
Surprisingly, however, HIOX was associated with faster fractional O2 extraction ( approximately Delta[deoxy
Hb+Mb] by nearinfrared spectroscopy) (p<0.05). In addition, an "overshoo Delta[deoxyHb+Mb] was found

after the initial fast response only in HiOX (7/11 patients) thereby suggesting impairechirsicalar O2 delivery (

Q'O F mv)-to-utilization. These data indicate that, despite improved "central" O2 delivery;, i/Cadaped at a
slower rate than muscle WO under HiOX in norhypoxaemic patients with COPD. Our results question the
rationale of using supplemental O2 to improve muscle oxygenation during the transition-tatdgity exercise in

this patient suipopulation.
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Erratum in
Eur J Appl Physiol. 2010 Aug;109(6):1219. Alberto Neder, J [corrected to Neder, J Alberto].

Abstract

Inspiratory pressure support (IPS) plus positive -exypiratory pressure (PEEP) ventilation might potentially
interfere with the "central” hemodynamic adjustments to exercise in patients with chronic obstructive pulmonary
disease (COPD). Tweniyre non or mildly-hypoxemic males (FEV(1) = 40.1-#£0.7% predicted) were randomly
assigned to IPS (16 cmH(2)O) + PEEP (5 cmH(2)O) or spontaneous ventilation during eeoskargte (7680%

peak) exercise tests to the limit of tolerance (T (lim)). Hetet (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 associateetenitheneous
cardiovascular effects compared with the control trial. Therefore, 11 patients (Group A) showed stable or increased
Delta "isotime"- rest SV [5 (629) mL], lower DeltaHR but similar DeltaCO. On the other hand, Delta$¥ {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. 115210 to 909) s, mpectively; 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 ingeospbof patients who were
particularly hyperinflated at rest.
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Abstract

Impaired muscle blood flow at the onset of heawgnsity exercise may transiently reduce microvascul&) O(
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., angiatenserting enzyme inhibitors and
third-generation bethlockers)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) fraction@)@xtraction in the vastus lateralis (approximately
Delta[deoxyHb+Mb] by neasinfrared spectroscopy), and cardiac output (Qt) during -hitgnsity exercise
performed to the limit of tolerance (Tlim) in 10 optimally treated sedentary patients (ejfatition = 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[deoidb+Mb], however, were faster in patients than controls [mean response time
(MRT) =15.9 + or- 2.0 s vs. 19.0 + 0r2.9 s; P < 0.05] with a subsequent response "overshoot" being found only in
patients (7/10). Moreover, tauVo(2)/MRdleoxy-Hb+Mb] ratio was greater in patients (4.69 +dr42 s vs. 2.25 +
or-0.77 s; P < 0.05) anctlated to Qt kinetics and Tlim (R = 0.89 aid78, 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 imiting Vo(2)(p) kinetics and tolerance to hedwyensity
exercise in nontrained patients.
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Abstract

We have previously shown that p@&stercise inspiratory resistive loading (IRL) reduces blood lactate ([Lag]b)(

In this study, we tested the hypothesis that IRL during recovery could improve subsequent exercise performance.
Eighthealthy men underwent, on different days, two sequential 89cle 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. ArterialidglLac(b)¢)] values, perceptual scores (Borg), cardiac output by impedance
cardiography (QT), and changes in the deoxygenation status of the M. vastus lateralisitiyaredrspectroscopy
(DeltaHHDb), were recorded. [Lac(b)[ was significantly reducedfter 4 min of recovery with IRL (peak [Lac(B)

12.5 +£ 2.3 mmol I€1) with freebreathing vs. 9.8 +/1.5 mmol 1¢1) with IRL). Effort perception was reduced

during late recovery with IRL compared with frbeeathing. Cardiac work was increased VviRlh, since heart rate

and QT were elevated during late recovery. Peripheral muscle reoxygenation, however, was significantly impaired
with IRL, suggesting that posixercise convective O(2) delivery to the lower limbs was reduced. Importantly, IRL
had a dal 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 reducexeasse effort perception and improves

peak power on subsequentailt maximatintensity 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 cardjaat §QT) from the peripheral
muscles, RM unloading would improve locomotor muscle perfusion. Nine patients with CHF (left ventricle ejection
fraction = 26 + 7%) undertook constantork rate tests (#80% peak) receiving proportional assisted ventitatio

(PAV) or sham ventilation. Relative changes (Delta%) in ddwyoglobyn, oxHb ([O2HDb]), tissue oxygenation

index, and total Hb ([HbTOT], an index of local blood volume) in the vastus lateralis were measured by near
infrared spectroscopy. In additioQ;,T was monitored by impedance cardiography and arterial O2 saturation by pulse
oximetry (Sp0O2). There were significant improvements in exercise tolerance (Tlim) with PAV. Blood lactate, leg
effort/Tlim and dyspnea/Tlim were lower with PAV compared withrshentilation (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 reldtaddedn

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 exercisingscles 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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