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This document is a list of abstracts of the studies that have been published involving the
PhysioFlow technology. Some of them are abstracts of full papers published in peer
reviewed journals and some are abstracts of presentations at conveéons. They are
categorized following the intent of the study (validation, application, or pure research)
and also following applications (critical care, cardiology, physiology, etc.). They
represent the start of the art about PhysioFlow, to the best of oknowledge.

Some of these studies are quite old and reflect the performance of the technology at an
early stage and some are recent and involve our latest innovations (FD motion
cancellation filter for instance). Most of the papers are about our PFa5abl design but
some recent ones are about the PFOEZnduro, which is newer but offers the same degree
of performance.

Also, it is important to note that some teams follow our recommendations strictly and
obtain impressive results and some other ones intemnally or unintentionally drift
away from our instructions (choice of electrodes, software version, protocol, etc.) and
thus generally underperform.

Enjoy your reading and please feel free to contact us should you have questions.
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1. Validations

1.1 Fick Principle/Exercise

Abstract, European Journal of Applied Physiology, Volume 82 Issue 4 (2000) ppZi13

Authors:
w !'YYS [/ KIFNI2dzE?3X Service des Explorations Fonatinnelles
w 905t é&ySwdlif2 y & R2 NJF S || Respiratoires, CardieCirculatoires et de I'Exercice,
w wdzRR& wAOKI NRZX Hopitaux Universitaires de Strasbourg, Hépital Civil,
w 9ftAlLYS [FYLISNIXZ BP 426, 67091 Strasborg Cedex, France
w azyAl dammasger, f R E-mail: anne.charloux@physieulp.u-strasbg.fr
w . SNIINIYR aS$ddl dzSNI Tel: +33-388-116122; Fax: +33388-116467
w .SNYIFINR DSyeézx
w WSIy [2yaR2NFSN®
Accepted: 3 April 2000
Abstract: Keywords:
The objectives of this study were tcevaluate the reliability and accuracy wlmpedance,
of a new impedance cardiograph device, the PhysioFlow, at rest ai  wCardiography,

during a steadystate dynamic leg exercise (work intensity ranging from
10 to 50 W) performed in the supine position. We compared cardia
output determined simultaneously by two methods, the PhysioFlow
(Q&dotzr) and the direct Fick Q&dotiric) methods. Forty patients
referred for right cardiac catheterisation, 14 with sleep apnoea syndrome
and 26 with chronic obstructive pulmonary disease, took partin this
study. The subjects' oxygen consumption values ranged from 0.14 to 1.1!
- minl, The mean difference between the two methodsQ&dot;ric
Q&dotzpp) was 0.04 | - mint at rest and 0.29 | - mirt during exercise. The
limits of agreement, defined as mean difference + 2SD, werk34, +1.41 |
- mint at rest and-2.34, +2.92 | - mirt during exercise. The difference
between the two methods exceeded 20% in only 2.5% of the cases at re
and 9.3% ofthe cases during exercise. Thoracic hyperinflation did no
alter Q&dotzpr We conclude that the Physio Flow provides a clinicall
acceptable and norinvasive evaluation of cardiac output under these
conditions. This new impedance cardiograph device deseeg further
study using other populations and situations.

wCardiac output,
wFick principle,
wEXxercise

11


mailto:anne.charloux@physio-ulp.u-strasbg.fr

! P Fi Hemodynamics Redefined™

1. Validations

1.1 Fick Principle/Exercise

European Journal of Applied Physiology, Volume 85 Issue 3/4 (July 2001) pR@D2

DOI 10.1007/s004210100458

Authors:
w !'YYyS / KIFNI2dES Service des Explorations Fonctionnelles
w 90St eySwqglf2yaR2NF S N| Respiratoires, CardieCirculatoires et de I'Exercice,
w wdzRR& wAOKF NRZ Hopitaux Universitaires de Strasbourg, Hopital Civil,
w 9ftALYS [ YLSNI=X BP 426,
w azyAl dammasger, f R 67091 Strasbourg Cedex, France
wBertrand Mettauer, E-mail: ruddy.richard @physio-ulp.u-strasbg.fr
w .SNYINR DSyes Tel: +33-388116122 Fax: +33388116467
WSIFY [2yaR2NFSNE
w {GSLKIYS 52dziNBf St
w al NIAYy . dOKKSAG®

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

Abstract:

One of the greatest challenges in exercise physiology is to develog
valid, reliable, nonrinvasive and affordable measurement of cardiac
output (CO). The purpose of this study was to evaluate th
reproducibility and accuracy of a new impedance cardioggh device,
the Physio Flow, during a imin step incremental exercise test from
rest to maximal peak effort. A group of 12 subjects was evaluated -
determine the reproducibility of the method as follows: (1) each
subject performed two comparable tests whi¢ their CO was measurec
by impedance cardiography using the new device (COImpl1, COImp:
and (2) in a subgroup of 7 subjects CO was also determined by tl
direct Fick method (COFick) during the second test. The mee
difference between the values obtained ¥ impedance (i.e. COImpl
COImp2) was-0.009 I-min-1 (95% confidence interval:-4.2 |-min-1, 4.2
[-min-1), and CO ranged from 3.55 |I-mii to 26.75 |-minl (n=146).
When expressed as a percentage, the difference (COImgDImMp2) did
not vary with increasing CO. The correlation coefficient between the
values of COImp and COFick obtained during the second exercise t
was r=0.94 (P<0.01, n=50). The mean difference expressed
percentage was-2.78% (95% confidence interval:-27.44%, 21.78%).
We conclude that ©Imp provides a clinically acceptable evaluation o
CO in healthy subjects during an incremental exercise

Keywords:
wlmpedance,
wCardiography,
wCardiac output,
wMaximal exercise test
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Abstract: Keywords:
We compared cardiac output (CO) determined simultaneously b wlmpedance,
electrical impedance cardiography method (COICG) and by the Ct  wCardiography

rebreathing technique (CO2REB) during three different steadgtate

exercises (target heart rate of 120, 140, and 160 mifh) in 8 healthy

fit young men. The mean difference correlation coefficient obtainet
between the values of COICG and CO2REB was 0.85 and the n
difference (COICE&CO2REB) was 0.06 I/min (0.12 %). At 120 mid,

COICG was lower than CO2REB but the tendency was revdrse
140 and 160 minl where COICG was higher than CO2REB. T
evolution may be explained by the difficultly of using CO:
rebreathing technique at the highest steadystate exercises and by
the progressive acidemia due to exercise. The present resul
suggest that electrical impedance cardiography method provides
acceptable evaluation of CO and may favourably replace the C
rebreathing technique during mild (or moderate) to high steady

state exercises.

wCaq rebreathingtechnique,
wlindirect Fick principle,
wSteady state exercise
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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).

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.

Caoclusion

1. Validations
1.1 Fick Principle/Exercise

Service des Explorations Fonctionnelles
Respiratoires et de I'Exercice, Hopital Civil,

67091 Strasbourg Cedg, France

Design

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

Patients:

Eight patients with
moderateto-severe COPLC
(59 +/- 6 years old;
FEV(1), 38 +/ 15%
predicted; residual
volume, 194 +/64%
predicted) [mean ++ SD].

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 favourable as all the other abstracts. However,
is to be noted that the protocol was performed in a way that is not compliant withthe

‘‘‘‘‘ 4EA ET OAOOECAC
PhysioFlow software in spite of our insistence that they should not do so. They have used electroc
that were not those recommended for optimal results. Maover, data of this study have
disappeared fran the hard disk of the computermaking it impossible to reanaly® them with the
appropriate version of the software. In addition, it is questionable thathe Fick would perform well
under incremental or strenuous intermittent work exercise test.
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Abstract:

The purpose of this study was to evaluate the reliability of a thoracic electrical bioimpedance bas:
device (PhysioFlow) for the determination of cardiac output and stroke volume during exercise ¢
peak oxygen uptake (peak VO(2) in childrenThe reliability of peak VO(2) is also reported. Elevel
boys and nine girls aged 1€L1 years completed a cycle ergometer test to voluntary exhaustion o
three occasions each 1 week apart. Peak VO(2) was determined and cardiac output and str
volume at peak VO(2) weraneasured 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 throug
calculation of typical error and intraclass correlation. The pairwise comparisons revealed ni
consistent bias across tests for all three measures and there was no evidence of tumiform errors
(heteroscedasticity). When three trials were analysed together pical error expressed as a
coefficient of variation was 4.1% for peak VO(2) 9.3% for cardiac output and 9.3% for strok
volume. Results analysed by sex revealed no consistent differences. The PhysioFlow method alls
non-invasive, beatto-beat determination of cardiac output and stroke volume which is feasible fo
measurements during maximal exercise in childrenThe reliability of the PhysioFlow falls between
that demonstrated for Doppler echocardiography (5%) and CO(2) rebreathing (12%) at maxime
exercise but combines the significant advantages of portability, lower expense and requires le
technical expertise to obtain reliable results.
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Abstract: Keywords:
This study determined if advanced cardiac impedance technolog wCardiac impedance,
(ACI) could accurately measure cardiac output during steadstate wSeady state exercise
cycling exercise compared to values calculated using the direEick wCycle ergometry
equation developed by Stringer et al (1997). METHOD: VO2 max w
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  Category
34.3. £ 9.4 yrs). Steadgtate exercise wattage wasset at 25%, 50%, 204 acute exercise
and 75% of peak watts achieved. Subjects exercised 8 mins at ec
stage. The last 4 mins were used to determine the ACI values 1
cardiac output (Q), heart rate, stroke volume, EDV, SBP, DBP, ¢
systemic vascular resistance. Both the sumbaximal and maximal
exercise trials were performed in duplicate to assure accurate dat
collection. No significant differences were observed in tegktest trials.
Thus, the mean of duplicate trials was used for all data analyses.

Author Disclosure
Information:

C.E. Broeder, PhysioFlow
Corporation, Contracted
Research.

Results:
There was no significant difference between the cardiasutput determined by the Stringer equation
-1.5%, and-6.7% for the 25%, 50%, and 75% of max watts, respectively. Linear regression analys
indicated rsquared = 0.99, SEE = 0.20 liters, p = .001. For all trials combined, the mean perc
difference between the stringer cardiac output and the ACI cardiac output was 0.5%.

STAGE INTENSITY  VO2 % OF VO2 MAX A-V DO2 gTR'"GER gc' % DIFFERENCE
25% MAX WATTS  |1.37 40.1 0.097258 [14.1 135 14.2%
50% MAX WATTS 217 635 0.120650 [18.0 183 -15%
75% MAX WATTS 3.0 883 0.145504 [20.8 22 16.7%
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 tisisidy was highly accurate in
AAOAOIETEI ¢ A PAOOTIT60 1 AOOEI ¢ OOAAAU OOAO/
max. Future studies need to determine if similar accuracy can be achieved using other forms of
exercise, i.e., treadmill.
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Abstract:

Treatment with recombinant human erythropoietin (rhEpo)

induces a rise in blood oxygenrcarrying capacity (CaO2) that
O1 ANOCEOT AAT T U AT EAT ARG i AQE
during exercise in normoxia, but not when exercise is carriec
out in severe acute hypoxia. This implies that there should b
a threshold altitude atx EEAE 6 0 /¢l A@ E
CaO2.

To ascertain which are the mechanisms explaining the
ET OAOAAOCET T O AAOxAAT EUDI @I
measured systemic and leg O2 transport and utilizatior
during incremental exercise to exhaustion innormoxia and

with different degrees of acute hypoxia in eight rhEpdreated

subjects. Following prolonged rhEpo treatment, the gain ir
systemic VO2max observed in normoxia @7%) persisted

during mild hypoxia (8% at inspired O2 fraction (FIO2) of
0.173) and was even larger during moderate hypoxia (14

17% at FIO2 = 0.1530.134). When hypoxia was further
augmented to FIO2 = 0.115, there was no rhEgaduced

AT EAT AAT AT O 1T &£ OUOOAIEA 6 0
mechanism highlighted by our data is that bedes its strong

ET £ OATAA 11 #A/ c¢ch OE®%DI xA
in normoxia through a preferential redistribution of cardiac

output toward the exercising legs, whereas this advantageou
effect disappeared during severe hypoxia, leaving augmerde
Ca02 alone insufficient for improving peak leg O2 deliven
ATA 6 0 /¢8 &ETAI1UR OEAO 6
Ca02 during moderate hypoxia but became abruptly Ca©:
independent by slightly increasing the severity of hypoxia
could be an indirectevidence of the appearance of centra
fatigue.

Agreement between impedance and dye
dilution for cardiac output

measurement:
6
5
4 - 258D
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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 indicateshe
mean bias, while the dotted lines indicate
the 95% confidence intervals

(2xstandard deviation).
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Abstract:
Identification of low cardiac output (CO) states inanesthesia is important because preoperative
hemodynamic optimization may improve outcome in surgery. Accurate redglme CO measurement
would be useful in optimizing "goatdirected" therapy. We sought to evaluate the reliability anc
accuracy of CO measureent using bioimpedance cardiography (PhysioFlow®, NeuMeDx, Bristo
PA) in pediatric patients with and without cardiac disease undergoing anesthesia for magnet
resonance imaging (MRI).

Methods:
All consenting patients undergoing anesthesia fozardiac MRI were enrolled. After equilibration of
AT AGOEAOGEA &A1 O I pn | ET OOAOh ¢ OEUOET &I T x Al
continuous reaktime monitoring for 10 minutes. Data were stored in 15second epochs and later
averaged offline toobtain CO. Phase contrast MRl measurements of flow volumes in the superior
vena cava and ascending and descending aorta were made from a single imaging plane through ¢
vessels at the level of the right pulmonary artery. Both CO measurements were inéexto body
surface area. The anesthetic technique was the same for both measurements. Agreement was
assessed using Bland\ltman analysis.

Results:

Thirty -one patients were enrolled and 23 were analysed. Th
median age at study was 2.8ears (range, 0.028.02 years) and
median body surface area was 0.54 m(2) (range, 0.2.00 m(2)).
Eleven of the 23 patients (48%) were males. Patients were groupe
into those with univentricular physiology, 6 of 23 (26%);
biventricular physiology with shunt, 3 of 23 (13%); biventricular
without shunt, 10 of 23 (43%); and no structural heart disease, 4 o
23 (17%). The mean bias was0.34 + 1.50 L/min/m(2) (P = 0.29).
The 95% limits of agreement were-3.21 to +2.69 L/min/m(2). Only
8 of 23 measurements (35% were within 20% and 14 of 23
measurements (61%) were within 30% of each other.

Conclusion
PhysioFlow performance
was not sufficiently

accurate in this population.
Modifications of the
algorithm and  further
testing are required before
this device can be
recommended for routine
clinical use in pediatric
patient.

IMPORTANT NOTE FROM THE MANUFACTURER

We do respect the Toronto Sick Children hospital team for their friendliness and professionalisr
However there was a technical mistake in their data manipulation andll PhysioFlow recordings
were lost by the research team before we could take a look at it and see what happened.

Please bear in mind that it was the very first time our system was applied to such a patie
population and it was never calibrated for it bebre. It would have been extremely helpful to acces
the PhysioFlow recordings to

1) Assess their quality and potential operator's mistakes

2) Reprocess them with newer algorithms we developed later (these ones date back to 2004)

3) Calibrate the system taadapt it to this patient population.

This was the initial plan but it could never be implemented because of the loss of data.
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Abstract:

Noninvasive measurement of cardiac output (CO) and particularly st
volume (SV) remain difficult but potentially valuable. These variables ca
particularly challenging to measure in children with congenital heart dise
(CHD). Impedance cardiography (IC) is a technique shown to be accur
measuring SV in adults and in children with structurally normal hearts.
ease of use and rapidity of SV measurement using IC makes it potet
attractive for young patients wit CHD. Advances in IC technology have lei
more sophisticated signahorphology IC (SMIC) devices that may furtt
improve accuracy. We tested the accuracy of SMIC to measure SV
subjects with CHD by comparing measurements with those from cal
magnetic resonance (CMR) imaging. There was good agreement bet
SMIC and CMR in measurement of SV: mean differedceml| (p=0.47);
r=0.89. The agreement and correlation persisted when controlling for
differences in blood pressure and heart rataring the two testing methods
We conclude that SMIC is accurate at measuring SV and thus CO
compared to CMR in a variety of forms of CHD.

Keywords:

wCardiac output;
wCongenital heart disease;
wlmpedance cardiography;
uStrove volume

IMPORTANNOTE FROM THE MANUFACTURER
This positive article confirms that the previous one contained severe methodological errors.
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Abstract:

The purpose of this study was to evaluate the accuracy of two techniques for the continuo
assessment of cardiac output in patients with chronic heart failure (CHF): a radial artery puls
contour analysis method that uses an indicator dilution method for calibration (LIDCO) and a
impedance cardiography technique (Physioflow), using the Fick method as a reference. Ten m
CHF patients (New York Heart Association clasglll) were included. At rest, cardiac output values
obtained by LIiDCO and Physioflow were compared with those of the direct Fick method. Durii
exercise, the continuous Fick method was used as a reference. Exercise, performed on a ¢
ergometer in upright position, consisted of two constantload tests at 30% and 80% of the
ventilatory threshold and a symptomlimited maximal test. Both at rest and during exercise LiDC(
OEi xAA CiT A ACOAAI AT O xEOE OAAEAOAT AA OAI BAO
2% * 28%, respecively]. In contrast, Physioflow overestimated reference values both at rest an
during exercise (bias + LOA, 48% + 60% and 48% * 52%, respectively). Exererstated within -
patient changes of cardiac output, expressed as a percent change, showed for babhhiques
Al ETEAATT U AAAADPOAAT A ACOAAI AT O xEOE OAMEAOA
36% for Physioflow, respectively). In conclusion, although the limits of agreement with the Fic
method are pretty broad, LIDCO provides accurate mearements of cardiac output during rest and
exercise in CHF patients. Although Physioflow overestimates cardiac output, this method may s
be useful to estimate relative changes during exercise.

Published online before prinDctober 23, 2008,
doi: 101152/japplphysiol904302008
Journal of Applied Physiologypecember 200&ol. 105n0. 61822-1829
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Abstract: Keywords:
Several techniques assessingardiac output (Q) during exercise are  wlnert gas rebreathing
available. The &tent to which the measurementsobtained from each wlimpedance
respective technique compares to one another, however, is unclee  wCardiography
We quantified Q simultaneously using four methods: the Fick metho  Pulse contour
with blood obtained from the right atrium (QFick-M), Innocor (inert wAnalysis
gas rebreathing; QInn), Physioflow (impedance cardiography wHypoxia
QPhys), and Nexfin (pulse contour analysis; QPulse) in 12 ma  gMmaximal oxygemptake
subjects during incremental cycling exercise to exhaustion it
normoxia and hypoxia (FiO2 = 12%). While all fourmethods reported
a progressiveincrease in Q with exercise intensity, the slopes of th
Q/oxygen uptake (VQ) relationship differed by up to 50% between
methods in both normoxia [4.9 + 0.3, 3.9 + 0.2, 6.0 £ 0.4, 4.8 = (
L/min per L/min (mean = SE) for QFickM, QInn, QPhys and QPuls:
respectively; P = 0.001] and hypoxia (7.2 + 0.7, 4.9+ 0.5,6.4+£0.8 a
5.1 + 0.4 L/min per L/min; P = 0.04). In hypoxia, thencrease in the
Q/VO:; slope was not detected by Nexfin. Imormoxia, Q increases by
5z6 L/min per L/min increase in V&, which is within the 95%
confidence interval of theQ/VO; slopes determined by the modified
Fick method, Physioflow, and Nexfin apparatus while Innocor
provided a lower value, potentially reflectingrecirculation of the test
gas into the pulmonary circulation. Thus, determinationof Q during
exercise depends significantly on theapplied method.

IMPORTANT NOTE FROM THE MANUFACTURER

The research team, contacted for the first time after publication, did not wish to share details about
the software version that was used (which is important regarding the filtering of signalspor the
skin preparation methodology/electrode type.However they found that PhysioFlow generates
fewer impossible /implausible readings than other methods.

© 2014 John Wiley & Sons A/S.
Published by John Wiley & Sons Ltd
Scandinavian Journal oMedicine & Science in Sports
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Abstract:
Cardiac output is shown to be a key determinant for oxygen transport, performance and health.
Reliable and accurate nofinvasive measurements of cardiac output, especially during exercise, art
therefore of importance. The present study compared a new thocéc bioimpedance method with
the established singlebreath acetylene uptake method. We assessed cardiac output in 20
jctmtmUAAOO8Q i1 AAOAOAT U OOAET AA 1T Al AOGh AOQ-
OAOAOO OAIlI EAAEI| E GgickentoBGEangr @'v3nP -1i(tkdiadic®d 1 £
bioimpedance) and 4.46 andu 8 ¢ w 'l -1 (siByle brEath), respectively. When thoracic
AET EIi DPAAAT AA xAO AT i PAOAA xEOE OET CI A A€0sAM|
w8 v X 'l ;1)IThoraiEbioimpedance displayed significantly lower (p<0.05) absolute cardiac
output values than single breath, and the cardiac outptbxygen consumption slopes (y=5.7x+5.5
(single breath) and y=5.0x+5.0 (thoracic bioimpedance) tended (p=0.08) to show less imase for
thoracic bioimpedance. Conclusions: Results from the singl@eath method are in line with
previous findings, showing a good reliability. Although thoracic bioimpedance showed a similar
reliability as the single-breath method, and is easier to use¢he agreement with single breath was
poor, and thoracic bioimpedance seems not to be able to replace it

IMPORTANT NOTE FROM THE MANUFACTURER
The Enduro unit on loan in Trondheim was an early stage device and had a defective ECG detec
in the firmware, which has been corrected in the meantime. It resulted in a poor calculation of F
and also a bad trigger for the signal stabilization filter. We were offered the opportunity t
reprocess the data. Unfortunately the team did not maintain # patients at real rest after calibration
and therefore re-calculating the calibration and the test was not productive. This study should nc
have been published without mention of these issues as they affect its entire validity.

© Georg Thieme Verlag ® Stuttgart - New York.
PMID: 24886928 [PubMedas supplied by publisher]
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Rationale:

Interest in the measurement of exercise cardiac output (Qc) in patients witlChronic Obstructive
Pulmonary Disease (COPD) has resurged due to the recent proposition that dynamic hyperinflati
may result in blood trapping within the pulmonary circulation, thereby limiting oxygen delivery and
exercise capacity. To date, the abilitto measure Qc norinvasively in these patients is constrained
by techniques dependent upon appropriate ventilation: perfusion for adequate pulmonary bload
gas diffusion. The technique of thoracic bioimpedance presents an interesting alternative as it do
not depend on gas lung transfer factors, provides continuous measurement from rest to pe:
exercise and is free of patient interaction, unlike rebreathing methods. This study reports on tr
reliability of thoracic bioimpedance (Physioflow ®) compared to sandard CG- rebreathing and
inert-gas rebreathing (Innocor ®) techniques for use in testetest submaximal steady state
exercise.

Methods: Results:
Stable COPD patients (N=8; 66+4 yr«  All techniques provided measurements in &
FEVi= 56+6% pred.) were assessec physiologically acceptable range for the power outpul
on 2 occasions separated by at least and showed good reproducibility with no difference in
days. Qc was measured using the test-retest mean values. COrebreathing resulted in
techniques at the end of E&minute systematically higher values both at rest and during
steady-state cycling at 20, 35, 50 anc  exercise as compared to Physioflo® j | AAT V¥
65%peak power bouts The reported 0.5 rest; 0.7, 0.3, 0.8 at 20, 35, 50% peak power).
Qc was the average of 2 consecutiv  contrast, Innocor® resulted in systematically lower rest
measures ateach workload. and exercise véues as compared to Physioflo® (mean
Yy LTI ETd p8¢ OAOON p8oh
power). Results also showed the coefficient o
reproducibility calculated on test-retest to be highest in
Physioflow® (R2 = 0.80) compared with Innoco® and
CQ rebreathing (R2 = 0.72 and 0.53)

Conclusion:
These preliminary results suggest that thoracic bioimpedance presents a valuable tool to monitor (
in COPD under resting and moderate exercise conditions resulting in significant hyperventilatio
and moderatedynamic hyperinflation.

Funded by: Respiratory and Epidemiology Clinical Research Unit of the McGill University Health Center
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Abstract
Cardiac Output (CO) measurement usingransthoracic 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 o
practical limitations of TEB. We have chosen the SwaBanz method to provide reference values,

using boluses (B), or continuous cardiacoutpuyt # #/ Q | " ! 84 %2 A 6 ECEI Al A
Results o

107 ICU patients underwent simultaneous C( s 37

measurements using the two mefhods (CO Swe  §21 ... 1250

Ganz: 20 B and 87 CCO). One measurement w g% LT

performed on every patient (84 Male/23 Female, a5 1 oa Lt

age 69+11 years, weight 75£15 Kg, height 167+ 83 i M 1 ,

cm). Pathologies aortic and bypass surgery 65 % @% 25 ,'50 “r 757 100 125

septic shock 18%, hear failure 7%, pulmonary QELT vt Lo

patients 7%, misc. 3%. Linear regression facto a 2_2 P PO e

was 0.88 (p<0.001). CO PhysioFlow = 0.75 C o -2SD

Swan + 1.33. Bland and Altman diagram i O 3

represented below (bias =0.014 L/min). CO: average(tzj the)tWO methods
min

Conclusion References
This study has been donender the most difficult conditions for 1: Charloux et al., Eur. J.

TEB: one single measurement per patient, and patients presentinc  Appl. Physiol. (2000) 82:
a very large variety of pathologies. This new TEB method deserves  313-320

further investigations, using the Fick method, on the same range of

unselected ICLpatients. Indeed, literature displays that Fick as a

reference method features a reduced dispersion of results

compared to thermodilution?.
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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 (Ek) with comparison to thermodilution

In conclusion, this study achieved its objective of demonstrating

1) The agreement in CO between the PhysioFlow ICG-8%and thermodilution is similar to
or better than the agreement between the Philips ICG and thermodilution; and

2) Absolute agreement between the PhysioFlow ICG fHtself and thermodilution is
adequae when accounting for the known variability in the thermodilution reference
method.
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Purpose

To assess impedance cardiography as a method for obtaining a nowasive 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

Results
The median pumonary artery pressure was 36 (IQR 26
56)mm Hg. The CO (mean £ SD in I/m) by thermodilution
(COT), Fick methodology (CEF) and impedance
cardiography (COIC)was 5.9+2.2,55+1.6 and 5.6 £ 1.
respectively. BlandAltman analysis of COl versus CGF
showed mean of 0.4 L/min (95% limit of agreement (LoA)
3.4 and-2.6), CQOT versus CAC a mean of 0.3 L/min
(95% LoA 2.8 and-2.2) and CGF versus CEAC a mean of

(PhysioFlow(r) PF05, Manatec 0.1 L/min (95% LoA 2.5 and-2.7). Correlation between
Biomedical, Macheren, France COT and COIC was R2 = 0.7, p < 0.00Ih patients with
immediately after RHC. PH the correlation of CAr' and CAIC had a mean of 0.4
PhysioFlow(r) measures cardiac  L/min(95% LoA 2.9 and-2.2), R2 = 0.75, p <
output (CO) and enddiastolic 0.001.Pulmonary artery occlusion pressure (PAOP)
volume (EDV), among other correlated with EDV (R2 = 0.2, p = 0.005). By ROC analys
parameters. EDV of 200 ml had a sensitivty of 53% and a specificity
of 86% for PAOP > 15 mm Hg (AUC: 0.78).
Clinical Implications
Impedance cardiography reliably measures cardiac outpu
in patients with pulmonary hypertension. This
methodology may serve as a valid tool for the
hemodynamic evaluation of this group of patients.
Conclusion Disclosure:

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

Impedance cardiography allows a reliable and noimvasive
measurement of cardiac output in patients with PH. Endiastolic
volume correlated with pulmonary artery occlusionpressure.

doi:10.1378/chest.10266
(Chest. 2010; 138:359A)
© 2010 American College d€hest Physicians
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Abstract:

The aim of this study was to evaluate the accuracy and precision of impedance cardiography a
method for noninvasive hemodynamic evaluation of patients with pulmonary hypertension (PH)
We performed a prospective and blinded study of patientswho underwent right heart
catheterization (RHC) for evaluation of known or presumed PH at the University of Florida fror
August 2009 to March 2010. The cohort consisted of a total of 39 patients (age = 57 £ 14 years, 8
women) with presumed (23%) or confirmed PH (77%) of different etiologies. Patients underwent
RHC and impedance cardiography using the PhysioFlow ®B.

The PhysioFlow PFO5 measures cardiac output (CO) and LV erdlastolic volume (LVEDV), among
other parameters. The median pulmonary arterypressure was 36 (IQR 266) mmHg. The CC
(mean = SD) by thermodilution (CGT) and by impedance cardiography (CQC) was 5.9 + 2.2 anc
5.6 £ 1.5 L/min, respectively. BlandAltman analysis of COl' versus CAC revealed a mean of 0.
L/min (95% LoA: -2.2 t0 ?2.8). In patients with PH, the correlation of C@ and COIC had a mean of
0.4 L/min (95% LoA: 2.9 and-2.2). Pulmonary artery occlusion pressure (PAOP) correlated witl
LVEDV (R2 = 0.2, p = 0.005). By ROC analysis, EDV C 200 ml had a sensitivity of 538M@&:
specificity of 86% for PAOP[15 mmHg (AUC = 0.78). In patients with PH, impedance cardiograf
had good accuracy and fair precision for CO determination when compared with thermodilutior
Impedance cardiography may provide information about the preloadtatus and has the potential to
become a coseffective and noninvasive method for the followup of patients with PH.
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Abstract:

The aim of the present study was to test the validity of the transthoracic electrical bioimpedanc
method PhysioFlow® to measure stroke volume in patients with chronic anemia. Stroke volum
index (SVI), as well as cardiac index (Cl) obtained by transtharig electrical bioimpedance method
and doppler echocardiography were compared in healthy subjects (n = 25) and patients wit
chronic anemia (i.e. mainly with sickle cell anemia; n = 32), at rest. While doppler echocardiograp
was able to detect differenceén SVI between the two populations, the Physioflow® failed to detec
any difference. Bland & Altman analyses have demonstrated no interchangeability between the t
methods to assess ClI and SVI in anemic patients and healthy subjects. While dopj
echocadiography displayed a good concordance for SVI results with those obtained in tr
literature for anemic patients, the Physioflow® did not. Finally, in contrast to doppler
echocardiography:

1) the CI obtained with the Physioflow® was not correlated withthe hemoglobin level and

2) the stroke volume determined by the Physioflow® was highly influenced by body surface area.

conclusion, our findings indicate that the Physioflow® device is inaccurate for the measurement of
SVI and ClI in patients wittchronic anemia and has a poor accuracy for the measurement of these

parameters in African healthy subjects.

IMPORTANT NOTE FROM THE MANUFACTURER

This is an absurd outcome generated bg very early development software that should never have
beenused by any customer and was unfortunately released by mistake to one center in France &
passed on to this center in Abidjean. In truth, PhysioFlow SVi is NOT coatd to body height or
weight.

The research team, contacted for the first time afteryblication, did not wish to share details about
the software version that was used noraccepted our offer to reprocess recordings with the
appropriate version of the softwae, which is highly regrettable.

There is absolutely no evidence precluding the usaf PhysioFlow in the African population.
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Abstract:
After cardiac surgery, fluid management is critical and has a major impact on morbidity and mort:
reliable parameter to predict fluid responsiveness is essential. The aihisoftudy was to investigat
GKSGKSNI GKS YSIFadaNE 2F ad0dNB1S @2t dzyS @I NRI G
raising (PLR) can reliably predict preload dependency after cardiac surgery, in comparison to a re
parameter: velocityA YS Ay 0 SaANI t GFNARFGA2Y oO0k+x¢L0O YSIad

Material and methods
A prospective, observational study was conducted after obtaining ethics committee approve
informed consent, on patients requiring cardsurgery with extracorporeal circulation.
The PLR maneuver was performed within the two first hours after surgery on sedated patients
mechanical ventilation and with sinus rhythm. All hemodynamic variables (heart rate, systoli
diastolic arterialpressure, central venous pressure (CVP), left auricular pressure (LAP), SV, VTI
output and index, left ventricular filling pressures (LVFP), ejection fraction) were measured befo
after PLR.
We classified patients as responders (R) or noparders (NR): R were defined as patients presenti
kK+¢L % MH 22 RdzZNAYy3I GKS dhn aSO2yRa F2ftf2pAy13
¢KS k{* YSIadaNBR o6& AYLISRIYyOS OFNRA2INI LKES
curvewasdeternf SR (2 FaasSaa GKS loAfAGeE 2F k{+ G2
Secondary aims of the study were to search for other predictive parameters for preload depen:
CVP, LAP and LVFP variations after PLR and respiratory variations of inferior vena cava.
Patients were otherwise treated according to the regular protocol of the ICU. The physicians of t
were blinded to impedance cardiography measures.

Results
Among the 50 included patients, 24 were R (48%) and 26 NR (52%).
The areaunderthewh / OdzNBS 61 a noymy oO0LI T ndnnnyod |
and NR with a sensitivity of 86.2 % and a specificity of 90.5 %.
2S RARYQU FAYR lFyeée 2G6KSNJ aA3ayAFAOLyifte LINBRJ

Conclusion

Basedoi KS O2 YL} NR&2y (2 k+x¢L YSI&AdZNBR 068 ¢¢93X
PLR maneuver seems to be a reliable predictor for preload dependency after cardiac surgery.
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Background

Noninvasive methods of measuring cardiac output are highly desirable in pulmonary arterial
hypertension (PAH). We therefore sought to validate impedance cardiography (ICG) against
thermodilution (TD) and cardiac magnet&sonance (CMR) in the measurement of cardiac output in
patients under investigation for PAH.

Methods:

A prospective, crossectional
study was performed to compar
singlepoint measurements of
cardiac output obtained by
impedancecardiography (CICG)
technology (PhysioFlow(®)) wi
(@ contemporaneous TD
measurements (COTD) at re
and steadystate exercise during
right heart catheterization anc
(i) CMR measurements (COCI
) at rest obtained within 72 h.

Results:

Paired COICG and COTni@asurements were obtained in 2
subjects at rest and 16 subjects at exercise. COCMR measure
were obtained in 16 subjects at rest. There was unsatisfac
correlation and agreement between COICG and COTD at res
0-42, P = 0-035; bias: 1-21 | (vl , 95% CK2-33 to 4:75 | ming)
) and exercise (r = .65, P = .007; bias: 1-41 F1)in©5% Ck3-99
to 6:81 I minfl) ) and in the change in COICG and COTD frorn
to exercise (r = 0-53, P = 0-033; bias: 0-76 I-)in@5% Ck3-74
to 5:26| min(-1) ). There was also a lack of correlation ¢
unsatisfactory agreement between resting COICG and COCM
0-38, P = 0-1; bias: 1-40 | min(, 95% CK2-48 to 5-28 | minl) ).
In contrast, there was close correlation and agreement betw
resting COTD and COCMR (r = 0-87, P<0-001:®id8:1 min{l) ,
95% CI:1-97 to 1-65).

Conclusion

In a representative population of patients under investigation for PAH, ICG showed insufficient
gualitative and quantitative value in the measurementedsting and exercise cardiac output when

compared with TD and CMR.

IMPORTANT NOTE FROM THE MANUFACTURER
This study was performed with an older generation PhysioFlow Enduro which was equipped with
in amplifier that was underperfroming in sutthifficult" patient population. The study below shows gor
performance in a similar population, with an upgraded device featuring the current amplifier
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Abstract:
Introduction: Cardiac output (CO) is one of the most important prognostic factor in PH and is re«
for the assessment of treatment response. CO is measured invasively by right heart catheterize
thermodilution or the Fick method. Impedance cardiography (IPasares CO and is noninvasive, sim
and provides immediate results.

Objectives: The main objective of this feasibility study was to assess the accuracy of of CO me
performed IP compared to the Fick method in selected patients treated for PH (Groug). Secondar
objectives were to evaluate the accuracy of CO evaluation by IP compared to thermodilution
determine the factors that may affect the measures.

Methods: Patients were recruited from the cohort of the Competence Center PH of-Ryidinees,
France. The three techniques (Fick, thermodilution and IP) were realized at the same time durir
heart catheterization performed in the patient follow up. All patients had confirmed PH from Grouy
group 4.

Results:We had recruited 37 subjects in the study. (31 patients group 1 and 6 patients group 4). 1
YSIadz2NBR o6& Lt O2NNBflGSa 6AGK GKS / h YSIac
6trndnamo YR “ul ndoypd ¢ KBe COhmeasBdddydheBrirdiluic
“Tndtncy /L odp:r ondpptyT ndycHHB OLF ndannnmo
the test was related to stroke volume variation and predominantly in patients known to

intracardiac shunt.

Conclusion
This pilot study validates the measurement of CO by IP in patients with PH (group 1 or 4). This su
potential role of the norinvasive IP in the follow up of PH patients.

Copyright ©ERS 2015
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Abstract: Keywords:
PhysioFlow is a noninvasive impedance cardiograph device tha  oElectrode placements
measures cardiac outputRecommended electrode placements involve  wimpedance
six electrodes, including two near the xiphisternum (Z3 anc olNon-invasive ardiac
Z4/EcG3/neutral). This study aims to evaluate if changing the position: output monitoring ,
of these two leads to the left fourth and fifth intercostal spaces alon  PhysioFlow
the mid- axillary line results in a change in the cardiac output
measurement.

Methods:

This was a prospective, controlled, crossover, paired study of 3
patients where electrodes were placed irthe recommended positions
and cardiac output (CO1) obtained after two minutes. The secon
cardiac output (CO2) was then obtained with the electrodes Z3 an
Z4/EcG3/neutral repositioned at the left mid- axillary line at the fourth

and fifth intercostal spaces. The final step involved switching the Z
and Z4/EcG3/neutral leads back to the recommeded position and the
cardiac output (CO3) was measured. Results: the average of the init
and third readings (COave) was compared with the measured CO2 a
analyzed. The regression equation was: CO at the proposed site (CO:
COave at the recommended ite + 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 w
0.046 L/min with the limits at -0.24 L/min and 0.34 L/min. the mean
difference was 086% o the average CO.
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Abstract
Noninvasive Determination of CO
Because peako?2 is strongly related tahe CO response texercise, peak 82 is often considered
surrogate for COIn fact, one reason that peako? is such a strong prognostitarker is that it closely
parallels cardiac function with exerciddowever, peak &2 can be influenced by many othiactors
(including age, sex, motivation, obesity, deconditioniagd localized muscle fatigue).85 Thus, it |
been of interestto study whether the noninvasive determination of CO neahance the prognostic
power of CPX. A number of studibave been seful in assessing the complementary value of
responses to exercise, along with CPX indexes, for evalwtieghemodynamic responses (eg, exerc
EF, strokevork index, and other indexes of contractility) and for assessiigmaximal hemodynami
responses to exercise. Studiéave demonstrated that noninvasively determined peak 2@vides an
independent predictor of outcomes that enhandi® prognostic utility of peak &2.86¢90 More recent
reports suggest that noninvasively determined peak cardiaex complements indexes of verdiory
inefficiency and peakd2 and that combining these markers provides the most powesttdtification of
risk.91,92 Although the Fick and thermodilutiomethods remain the gold standards for tf
measurement ofCO,93several rebreathing methods that use CPX are avail&8lectric impedance
has also experienced a renewed intergstecent years, and along with a number of validation studie
cardiac hemodynamics with these techniques have b&®wn to have prognaie value in patients with
HF.91,92,9496.

IMPORTANT NOTE FROM THE MANUFACTURER
These recommendations highlight the necessity to measure CO independently from VO2 in Heart
patients in order to considerably increase the predictive value adrdiopulmonary exercise tesBy far
the most important stugt supporting these recommendations comes from Stanford University
Jonathan Myers), a research and clinical center using PhysioFlow. It is most likely that any othe
would not have yikl similar results as they are known for underperforming during exercise.
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Abstract:

During exercise in patients with ischemia,
contractility is impeded before electrical signs
or angina appear. Therefore, measuremenof
contractility impairment could provide a highly
sensitive approach to the detection of ar
ischemia. The protocol was designed
determine if a new, non invasive cardiac outpul
measuring device (Physio Flow®& PF03,
Manatec France) whose measurements ar
based on analysis of instant thoracic impedanc:
(ICG) variations could be helpful to deteci
ischemia during exercise thallium scintigraphy.

2. Application studies
2.1 Cardiology

Department of cardiology, C.H.U. Angers France

Methods:
The efficiency of ICG in detecting myocardia
ischemia was compared to treadmill
exercise/redistribution thallium -201

scintigraphy. During exercise, patients hac
simultaneous measurement of stroke volume
with ICG. ICG was considered abnormal

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

peak. Clinical was considered as positive |
typical angina occurred and an abnormal EC(
if ST-segment horizontal or descending
depression > 1 mV lasting for at least 3(
seconds. Ischemia was affirmed by
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 S3egment depression and angina. The sensitivity (Se), specificity (Sj
positive (PPV) and negative (NPV) predictive values are sunarized 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%
Conclusion

Use of ICG during exercise allows for thestimation 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

Authors:
wJ.M. Dupuis, o Abraham,
wJ. Bour, oK. Kalife.

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 wa:
designed to determine if a new,non-
invasive cardiac output measuring device
(Physio Flow®: PF03, Manatec France
whose measurements are based ol
analysis of instant thoracic impedance
(ICG) variations that does not use averag
impedance baseline values could b
helpful to detect CAD.

C.H.U. Angers France.

Methods:

On a 12 months period, subjects suspected of C/
had been submitted to an incremental bicycle
exercise test (30 W / 2 min). Those who presentec
either an interpretable and abnormal ECG[ECG(+)]
ST-segment horizontal or descending depression > :
mV lasting for at least 30 seconds, or typical angin:
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 th
gold standard for comparison,were performed and
analyzed by independent observers and quotec
abnormal for at least 50% stenosis of the coronary
arteries: coro(+). During exercise, patients hac
simultaneous measurement of stroke volume with
ICG. ICG was considered abnormal if strokeme
at the peak of exercise was lower than anothe
stroke volume measured before, and separated by ¢
least 1 min from peak.

Results:

Number of patients in each group are summarized in the table. Stroke volume profile alteratic
always occurred earlier in exercise than ECG ST segment depression. The sensitivity, specific
positive and negative predictive values were respectively: 63, 20, 60, 22% for ECG alone; 68, 20,
25 for angina alone: 84, 10, 64, 25% for ECG or angina; 100, 50, 79,%G0r 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
Conclusion

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 nofinvasive diagnosis of

CAD.
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Abstract:
We determined if the early changes in central hemodynamics determined by transthoracic
impedance induced by headipright tilt test (70°HUT) could predict syncope. Heart rate, arterial
blood pressure and centrahemodynamics (preejection 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 (4@ years) with
history of unexplained recurrent syncope. Thirtyeight patients (42° 3 years) had a symptomatic
outcome to 70°HUT (fainters) and 30 (392 years) had a negative outcome (nofainters). Between
the 5th and 10th minutes of 70°HUT, T2 increased significantly dnin the fainters and a change of
T2 >40 ms from baseline predicted a positive outcome with a sensitivity of 68% and a specificity ol
70%. During supine rest, fainters exhibited a shorter T2 than nefeainters (183110 ms vs. 233114
ms, p<0.01). A T2 <199mspredicted 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 pulse8<nmHg
pressures) increased the specificity to 97% as well as the positive predictive value (93%).
Transthoracic impedance could detect differences between fainters and ndainters in central
hemodynamics during supine rest and the initial period of 70°HUT with a caistent sensitivity and
specificity when combined with peripheral hemodynamic variables.
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European Journal of Physiology (2002, 444, R3®26) (Physiomed 2002 Société de Physiology
Abstracts of the 70th Annual Meeting 18 Septembre 2002, Québec, Canada)

Authors:
uBellard Elisabeth, w/ictor Jacques,
wFortrat JacquesOlivier, o efthériotis Georges

uDupuis JearMarc,

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 sublingua
nitroglycerin (NTG) could retrospectively help to determine abnormal changes in central an
peripheral hemodynamics to a standard (STD) 45 min 70°HUT without NTG in patients wit
unexplained syncope. 32 patients with negative outcome to a 70°HLHTD were submitted to
consecutive 70°HUT+NTG. Heart rate, arterial blood pressure (BP) and central hemodynar
assessed bytransthoracic 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 &
min and 40-45 min of a 70°HUTSTD. Changes from rest value of thes@riables (mean+/-SEM)
were retrospectively compared (unpaired T test) between patients with a negative (n=15,NF&zand

positive (n=17,NTG+) outcome to a 70°HUT+NTG. Differences were only observed duringgmin

of 70°HUT-STD: systolic (NTG+18+/-4 vs NTG:-2+/ -4 mmHg;p<0.01), mean BP-{+/-2 vs 6+/-2

mmHg;p<0.05) and dzZ/dtmax ¢(51+/-30 vs 35+/-21 Ohm.s1;p<0.05). A drop of systolic BF
>10mmHg and/or dzZ/dtmax >13 Ohm.sl predicted positive outcome to 70°HUT+NTG with ¢
sensitivity of 82% and a specificiy of 60% suggesting that abnormal response to a 70°HUT+NT
was linked to 70°HUFSTD outcome.
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Cardiology)

Authors:
wHitoshi Adachi, MD; Tomoya Hiratsuji, MD ; Shigeki| From Division of Cardiology, Gunma Prefectural
Sakurai, MD; Hiroshi Tada, MD; Takuji Tomoya, Cardiovascular Center Gunma

Koichi MD FJCC; Shigeto Naito, MD; Hiroshi Hoshiza
MD; Shigeru Oshima, MD FJCC ; Taniguchi, MD FJC

Abstract: Conclusion
An 83yearold woman presented with dilated The present case demonstrates
cardiomyopathy. Cardiac resynchronization therapy was  usefulness of impedance
performed. Two weeks later, cardiac output and cardiography and tissue Dopple
ventricular wall motion were estimated using impedance echocardiography in the evaluation
cardiography and tissue Doppler echocardiography with  of the effect of cardiac
and without pacing. Cardiac output increased from 3.5 t¢  resynchronization therapy on
4.5 I/m during biventricular pacing with a 120 msec cardiac function. Using impedance
atrioventricular  interval.  Intraventricular  phase cardiography, the cardiac output
difference for contraction decreased from 190 to 150 could be assessed easily and nen
msec. When the atrioventricular interval was 180 msec  invasively. Impedance cardiography
cardiac output and phase difference became 4.6 I/m an and tissue Doppler are usefutor
170 msec. These assessments wereenformed rapidly evaluating the beneficial effect of
and nonrinvasively. New impedance cardiography anc  cardiac resynchronization therapy
tissue Doppler echocardiography are useful to evaluatt  and determined the optimal AV delay
the effect of cardiac resynchronization therapy interval.

References
1/ Hochleitner M, Hortnagl H, Ng CK, Gschnitzer F, Zechmann W : Usefulness of physiologic-ahahber
pacing indrug-resistant idiopathic dilated cardiomyopathy. Am J Cardiol 1990 ; 66 : 198202
2/ Brecker SJ, Xiao HB, Sparrow J, Gibson DG : Effects ofchainber pacing with short atrioventricular delay
in dilated cardiomyopathy. Lancet 1992 ; 340 : 1308 1312
3/ Abraham WT, Fischer WG, Smith AL, Delurgio DB, Leon AR, Loh E, Kocovic DZ, Packer M, Clavell AL, Hayes
DL, Ellestad M, Trupp RJ, Underwood J, Pickering F, Truex C, McAtee P, Messenger J, MIRACLE Study Group
Multicenter InSync Randomized Clinical Evahtion : Cardiac resynchronization in chronic heart failure. N Engl J
Med 2002 ; 346 : 184% 1853
4/ Gras D, Leclercq C, Tang AS, Bucknall C, Luttikhuis HO, Kirsdersen A : Cardiac resynchronization
therapy in advanced heart failure the multicentermSync clinical study. Eur J Heart Fail 2002 ; 4 : 33 B20
5/ Charloux A, LonsdorferWolf E, Richard R, Lampert E, OswaMammosser M, Mettauer B, Geny B,
Lonsdorfer J : A new impedance cardiograph device for the namscrit evaluation of cardiac output a rest and
AOOET ¢ AQGAOAEOA (¢ #1 1 PDAOEOIT xEOE OEA GRHOAAOO &E/
6/ Pianosi PT : Impedance cardiography accurately measures cardiac output during exercise in children with
cystic fribrosis. Chest 1997 : 1113337 337
7/ Miyatake K, Yamagishi M, Tanaka N, Uematsu M, Yamasaki N, Mine Y, Sano A, Hirama M : New method for
evaluating left ventricular wall motion by color-coded tissue Doppler imaging : In vitro and in vivo studies. J Am
Coll Cardiol 1995 :25: 717 724
8/ Yu CM, Chau E, Sanderson JE, Fan K, tang MO, Fung WH, Lin H, Kong SL, Lam YM, Hill MR, Lau CP : Tiss
Doppler echocardiographic evidence of reverse remodeling and improved synchronicity by simultaneously
delaying regional contraction after bivertricular pacing therapy in heart failure. Circulation 2002 ; 105 : 43§
445
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Authors:
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wohn Gale Kellett, MD

Abstract: Keywords:
Impedance cardiography (ICG) charts the rises and falls of thorac  «mpedance
impedance as the fluid content of the chest changes with eac «Cardiography,
heartbeat. Breathing, arrhythmia, movements andposture interfere uHeartfailure
with the ICG. Modern pattern recognition software can now produce .  uDiastolic dysfunction
composite Signal Averaged ICG, which considerably simplifie aDyssynchrony
interpretation.

The first derivative velocity waveform shows a smooth S wave tha
corresponds with systole, while the second derivative acceleration
waveform (dZ/dt) contains several reference points that outline the A
wave, S and @vave. Normally the Awave follows atrial contraction

and occurs in late diastole. It can, therefore, be abnormal in both atri:
and ventricular arrhythmias, and is abnormally increased when there
is diastolic dysfunction. The Swave reflects ventricular contractility,

and is deformed by ventricular dyssynchrony. The @ave is
associated with mitral valve opening and is abnormally enlged in

heart failure.

These different patterns of ICG waveform are relatively easy t
recognise and can be costffectively and quickly obtained to reliably
distinguish between normal and abnormal cardiac function.
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Authors:
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oS .Pezzullo ,
AbstractObjective Methods:
Clinical relevance of left Asymptomatic outpatients, sedentary, with cardiovascular risk
ventricular (LV) diastolic factors but no history of cardiovascular events, underwent

dysfunction in the absence echocardiographic evaluation of LV structure and function by

of congestive heart failure standard Doppler, color Mmode, and Doppler tissue methods,

(CHF) and LV systolic and exercise testing with simultaneous noninvasive assessment

dysfunction is not fully LV stroke index and cardiac index. LV ejectn fraction less than

established. 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% diabe
and hypertensive, 11% with LV hypertrophy), LV diastolic dysfunction was detected in 26%, whicl
was associated with hypertension, higher LV mass index, lower systolic function, lower pe:
exercise heart rate, and chronotropic reserve (all P < .05), and withiu@r peak exercise stroke index
and cardiac index (both covariates adjusted P < .05), but not with lower peak exercise metabc
equivalents (P > .5). Abnormal LV relaxation was independently correlated with lower peak exercis
cardiac index and stroke inde (both P < .05). Peak exercise systolic and cardiac indices we
comparable between patients with CHF risk factors (74%) versus those without.

Conclusion
Isolated LV diastolic dysfunction was independently associated with lower peak exercise Eystolic
performance in patients without CHF. Its diagnosis may provide a target for aggressive CHF risk
management.
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Authors:
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PhD, Alain Cribier, MD, PhD. U644, Rouen University Medical School, Rouen
AbstractBackground Keywords:

The lack of easy and fast method for optimizing AV and VV delay aft  «Bioimpedance

cardiac resynchronization therapy (CRT), is a major deficiency of twc  «Echocardiography

dimensional echocardiography combined with tissue Doppler imaging
(TDI). The aim of our human study was to test a we non-invasive
system for optimizing cardiac resynchronization.

Methods-Results
Six to 12 months before bioimpedance and 2Bchocardiographic
study, 10 patients with symptomatic systolic heart failure were
resynchronized with CRT device. At the subsequent session, a to
of 78 different steadystate hemodynamic conditions were studied
by serially changing the pacemaker delay2D echocardiography
with TDI capability was used as gold standard for optimal cardia
resynchronization.
A validated system was employed for measuring the thoraci
electrical bioimpedance (TEB). Physioflow TEB signals wer
recorded on a computer and leftventricular stroke volume was
determined online by morphological analysis of the impedance
waveforms. Optimal AV and VV delays by Physioflow TEB we
defined when stoke volume was maximal. Optimal VV and AV dela
obtained by echocardiography averaged 0x10ns and 129+18 ms.
Those obtained by bioimpedance averaged 0+21 ms and 133+:Z
ms, respectively. BlandAltman analysis showed a good agreemer
between the echocardiographyobtained optimal delays and
bioimpedance (mean difference, 2£22ms).

w8ystolicdysfuncton
uHeart failure
uResynchronization
therapy

Conclusion

The Physioflow toracic
electrical  bioimpedance
system provided an
accurate approach for
adjusting AV and VV
delays, suggesting ar
important application in
cardiac resynchronization
therapy.
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AbstractObjective
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.

Hemodynamics Redefined™

uG. Grezis Soulig
GA. Cribier

2. Application studies
2.1 Cardiology

1. C.H.U. Charles Nicolle, Rouen Cedergnce
2:C.H.U. Charles Nicolle, Rouen, France

Methods-Results:
6 normals and 15 patients with EF < 35% were
investigated. TheBNP level was measured witlthe Triage
assay (Biosite). A commercially available system for
measuring the thoracicbioimpedance (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. M&an 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 agreement between the BNP and TFI (r=0.93, figure.
Cutoffs are in represented by dashed lines). Measuremer
of TFI was obtained in less than 2 minutes.

Conclusion

The Thoracic Fluid Index provided good estimation of heart failure, suggesting an important
application of this new parameter and bioimpedancenethod to detect heart failure.

804
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AbstractPurpose

[ -blockers are highly effective by reducing
morbimortality in patients with systolic
heart failure (SHF). However, failure to

DOAC I O -AdckersO B
frequent, occurring in 10% of these
DAOEAT 608 7A E bbdkedsE
intolerance is attributable to persistent
elevated afterload and that nebivolol
would efficiently normalize it

ResultsDiscussion

Hemodynamics Redefined™

2. Application studies
2.1 Cardiology

1. C.H.U. Charles Nicolle, Rouerd2x,France
2:Centre Hospitalier Lemire , Saint Avold, France

PatientsMethods:

7A OAT AAOAA ¢n 3(& -PAOE
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 (Cl),
total intrathoracic fluid (TIF), blood pressure, heart
OAOA AT A .9(! AO1TAOQCEITA
blocker and after substituting it to equidose
nebivolol. Systemic vascular resistance index (SVRi
was calculated alongwith left cardiac work index
(LCWi) using validated equations.

Conclusion

Patients aged 63+15y. Both mean arterial pressure and hea
rate significantly decreased with nebivolol from 10612 to 99+7
mm Hg (p=0.002) and 74+14 to71+12 (p=0.05), respectively.
EAAAOO 1 £ -Bdcket td AeBivolgl ar® shBwn jn the
table. There was a significant improvement in NYHA functiong
class from 2.9+0.5 to 2.1+0.9 (p=0.001)

CONCLUSION: Patients with systolic heart failure, intolerén ©
blockers, exhibit persistent elevated systemic vascula
resistance. By reducing the systemic vascular resistance
nebivolol enhances cardiac output, decreases intrathoracic fluic
and therefore improves NYHA functional class.

Patients with systdic heart
EFAE]I OOAh ET OT 1
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

7 EOE OEWockél Under nebivolol | p
CI(I/min/m?) 2,7+0,6 2,9+05 0.02
SVRIi (Dynesxs/cm5/m? 3028540 2564+470 0.00002
LCWi (dules) 3,96+1,16 3,93+0,82 NS
TIF (1/ohm) 129127 113122 0.0003

. Cardiaclndex : Total Intrathoracic Huid

1 Systemic Vascular Bsistance index

. Left Gardiac Work index
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Heart Failure (Rehabilitation & Implementation)

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 tc
compare central hemodynamic responses
during our optimized HIIE protocol compared
to that of an isocaloric moderateintensity
interval exercise (MICE) session.

Results

See Table 1. A mode effect was noted fi
pulmonary VO2 and C(av)O2 kinetics
(p<0.0001) with lower values measured
during HIIE compared to MICE. A modt
effect was noted for cardiac output kinetics
(p<0.01) with higher values measured
during HIIE vs. MICE

Methods:

Thirteen CHF patients (596 years, NYHAIII,

LVEF 27 %) performed in random order a
single sessionof HIIE (2x8min) 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. Ga
exchange, central hemodynamic measured b
cardiac bioimpedance, ECG and blood pressul
were monitored continuously. Mean pulmonary
VO2 uptake, cardiac output and arterievenous
differences as well as kinetics of those variable
were compared during MICE and HIIE.

Conclusion
Compared to MICE, optimized HIIE elicited i
greater central hemodynamic response in patients

with CHF associated with a lower pulmonary VO:

uptake and arterio-venous difference. HIIE may be
an interesting complementary exercise training
modality that could favorably improve central
hemodynamic responses during gercise training
intervention in patients with CHF

MICE HIIE ANOVA
Parameters

22min 16 min P value
VO (ml/min) 10524300 9771276 <0.0001
Cardiac output (I/min) 9.25+2.33 9.89+4.29 0.0007
C(av)O2 (ml/100 ml) 11.574+3.42 10.55+3.42 <0.0001
Mean power (Watts) 58+17 48114 <0.0001
Total exercise time 22 8
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Abstract:

Impaired muscle blood flow at the onset of heawntensity exercise may transiently reduce
microvascular O(2) pressure and decrease the rate of O(2) transfer from capillary toitochondria

in chronic heart failure (CHF). However, advances in the pharmacological treatment of CHF (e
angiotensin-converting enzyme inhibitors and third-generation betablockers) may have improved
microvascular O(2) delivery to an extent that intranyocyte metabolic inertia might become the
main locus of limitation of O(2) uptake (Vo(2)) kinetics. We assessed the rate of change
pulmonary Vo(2) (Vo(2)(p)), (estimated) fractional O(2) extraction in the vastus lateralis
(approximately Delta[deoxy-Hb+Mb] by nearinfrared 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 Q
kinetics in patients were significantly related to lower Tlim values (P < 0.05). The dynamics
Delta[deoxy-Hb+Mb], however, were faster in patients than controls [mean response time (MRT)
15.9 + or- 2.0 s vs. 19.0 + of 2.9 s; P < 0.05] with a subsequr 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 + 0 0.77 s; P < 0.05) and related to Qt kinetics and Tlim (R = 0.89 an
0.78, respectively; P <0.01). We conclude that despite the advances in the pharmacologic
treatment of CHF, disturbances in "central" and "peripheral” circulatory adjustments still play
prominent role in limiting Vo(2)(p) kinetics and tolerance to heavyintensity exercise innontrained

patients.
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AbstractBackground
An impaired cardiac output response toexercise is a hallmark of
chronic heart failure (HF). We determined the extent to which
noninvasive estimates of cardiac hemodynamics during exercise i

Keywords:

uEXxercise testing
wDxygen uptake
wCardiac Output

combination with cardiopulmonary exercise test (CPX) response uMortality
improved the estimation of risk for advese events in patients with HF.
Methods-Results: Conclusion:

CPX and impedance cardiography were performed in 63  These findings suggest that
consecutive patients (mean age 48 + 14 years), evaluated for H  noninvasive indices  of
Clinical, hemodynamic, and CPX variables were acquired ¢ cardiac hemodynamics
baseline and subjects were followed for a mean of 460 + 33  complement established CP>
days. Patients were followed for the composite outcome ¢  measures in quantifying risk
cardiacrelated death, hospitalization for worsening HF, cardiac  in patients with HF.

transplantation, and left ventricular assist device implantation.
Cox proportional hazards analyses including clinical, noninvasiv
hemodynamic, and CPX variables were performed to determin
their association with the composite endpoint. There were 11%
events. Among CPX variablepgak oxygen uptake (VO2) and the
minute ventilation (VE)/carbon dioxide production (VCO2) slope
were significant predictors of risk for adverse events (age
adjusted hazard ratio [HR] 1.08, 95% confidence interval [CI
1.05z1.11 for both;P< .001). Amonghemodynamic variables,
peak cardiac index was the strongest predictor of risk (HR 1.0¢
95% CIl 1.1.16;P= .01). In a multivariate analysis including
CPX and noninvasively determined hemodynamic variables, th
most powerful predictive model included the combination of
peak VO2, peak cardiac index, and the VE/VC8Igpe, with each
contributing significantly and independently to predicting risk;
an abnormal response for all 3 yielded an HR of 5.1 §.001).
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Objectives: Background:

The study sought to discover the key determinants of exercise capacity
maximal oxygen consumption (oxygen uptake [¥]), and ventilatory
efficiency (ventilation/carbon dioxide output [VE/VCo2] slope) and
assess the prognostic potential of metabolic exercise testing in
hypertrophic cardiomyopathy (HCM).

Methods:

The intrinsic mechanisms
leading to reduced functional
tolerance in HCMare unclear.

The study sample included 156 HCM patients consecutively enrolled from 2007 to 2012 with a complete
clinical assessment, including rest and stress echocardiography and cardiopulmonary exercise test (CPET)
with impedance cardiography. Patients were also followed for the composite outcome of cardiaelated

death, heart transplant, and functional deterioration leading to septal reduction therapy (myectomy or septal

alcohol ablation).

Results:
Abnormalities in CPET responses were frequent, with 39% (n % 61) of the
sample showing a reduced exercise tolerance (VO2 max <80% of predictec
and 19% (n % 30) characterized by impaired ventilatory efficiency
(VE/VCOZ2 slope >34). The variables most strongly associatedth exercise
capacity (expressed in metabolic equivalents), were peak cardiac index (r ¥
0.51, p < 0.001), age (r %20.25, p < 0.01), male sex (r ¥2 0.24, p % 0.02), an
indexed right ventricular end-diastolic area (r ¥ 0.31, p ¥4 0.002), resulting
in an R20of 0.51, p < 0.001. Peak cardiac index was the main predictor of
peak VO2 (r ¥ 0.61, p < 0.001). The variables most strongly related to
VE/VCO?2 slope were E/EO (r %2 0.23, p ¥4 0.021) and indexed left atrial
volume (LAVI) (r ¥ 0.34, p ¥ 0.005) (model R2 =.@5). The composite
endpoint occurred in 21 (13%) patients. In an exploratory analysis, 3
variables were independently associated with the composite outcome
(mean follow-up 27 _ 11 months): peak VO2 <80% of predicted (hazard
ratio: 4.11; 95% confidence inerval [CI]: 1.46 to 11.59; p ¥ 0.008),
VE/VCO?2 slope >34 (hazard ratio: 3.14; 95% CI: 1.26 to 7.87; p ¥ 0.014),
and LAVI >40 ml/m2 (hazard ratio: 3.32; 95% CI: 1.08 to 10.16; p ¥4 0.036).

Conclusion
In HCM, peak cardiac inde»
is the main determinant of
exercisecapacity, but it is
not significantly related to
ventilatory efficiency. Peak
VO2, ventilatory
inefficiency, and LAVI are
associated with an
increased risk of major
events in the shortterm
follow-up. (J Am Coll
Cardiol HF 2015::-z-) ©
2015 by the American
College of Cardiology
Foundation.
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Abstract:

Indication of pectus excavatum (PE) surgical treatment is a rdabhted subject, especiallegarding
functional impact of the deformation. The pulmonary consequences of PE have been found not to
limiting factor in exercise for these patients. On the other hand, the hemodynamic consequence:
have been sparingly studied, because of thfficulty to secure reliable exercise cardiac output (C
Opinions, therefore, differ greatly as to the scope and the reversibility of hemodynamic ex
limitations for these patientsl(2).

© 2015 by the American College of Cardiology foundatiBablished by Elsevier inc.
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Abstract:
BackgroundAerobic capacity (VO2 max) of patients with Fontan
circulation (FC) is lowest within patients widbngenital heart
disease. The reasons have not been completely elucidated.

Methods: Twenty five young patients with nefiailing FC underwent i
cardiopulmonary test during an uprigramp cycling. By using a sigr
morphology impedance cardiography device (physioflow®), stroke
volume(SV) was evaluated along with effort. The results were
compared with paired healthy controls.

Results:FC patients had lower VO2max (24 vs 32ml/Kg/min)
andmaximal cardiac index (Cl) (6.4 vs 9.9 I/min/thah controls,
due to impaired maximal SV (42 vs 54 ml/m2) and maximal Heart
Rate (HR) (154 vs 184/mimb 0.001). No correlation between SV
and HR at peak was found. At ventilatory threshold, SV continued
risein a part of FC patients. Other FC patients showed an almost
GLIE FGSFdz Fa Ay O2y(iNRf a dhetn&d
wasmaximahrterio@Sy 2 dza RAFFSNBYy OS o NT
to controls, stroke workvas lower in FC patients (p b 0.01) even
though maximal vascular resistance was higher in them (p b 0.00:

Conclusion

cHaute Ecole Paul Henri Spaak, I.S.E.K., Kinésithérapy Section, Bruxelles, Belgique

d Pediatric cardiology, centre de référence des malformations cardiaques congénitales
complexesM3C, Necker hospital for sick children, Assistance publique des Hopitaux de Pa
FranceUniversité Paris Descartes, Sorbonne Paris Cité, Paris, France

Keywords:

wCongenital heart disease
ofontan circulation
wAerobic capacity

uStroke volume

uSignal morphalgy
impedance cardiography

Impaired SV and chronotropic incompetence are both independently responsible for impaired Cl a
The increase in arteriovenous difference appeared to be an adaptive resportbe. #ieoke work was
low among FQ@atients, high systemic vascular resistance does not appear to be the cause of SV
impairment but rather a consequenc8V monitoring at effort evidences heterogeneous SV profiles
among FC patients that could be considefedthe management of patients.
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Abstract:

The purpose of this study was to investigate the precise pattern of stroke volume (SV) response during exer
patientswith chronic heart failure (CHF) compared with agatched controls. Fourteen patients with CHF and
controls performed symptonimited bicycle exercise testing with respiratory gas exchange measurement. Pa
were classified into group A(N=7)withS I { *hH X My ®n Y[ k{1 3IkKYAyYydziS |y}
mL/kg/ minute. SV and cardiac output (CO) were continuously measured during exercise using a novel thor:
impedance method (Physioflow). CO and SV were lower in the group B patiantthttse in controls at peak
exercise [CO: 11.3 £ 1.0 (SE) versus 15.6 £ 0.9 L/minute, P <0.05, SV: 89 £ 6 versus 110 £ 6 mL, P < 0.05
reached its peak levels during submaximal exercise and remained close to the peak value until peak exercis
7 group B patients (86%). On the other hand, it progressively increased until peak exercise in 6 of 7 controls
and 5 of 7 group A patients (71%). In all subjects, CO at peak exercise was more closely correlated with SV
exercise (r = 0.86,€0.001) than with peak heart rate (r = 0.69, P < 0.001). CHF patients with impaired exerc
capacity had attenuated increment of CO during exercise, and SV reached its peak levels during submaxim:
exercise.
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Abstract:

Global ventricular response to exercise may be useful in fellpvof
patients with residual right outflow tract lesions after congenital het
disease repair. In this context, impedance cardiography is consid
accurate for stroke volume (SV) measurement during exercise tes
however, to date, only partial assessment of itdiakility has been
reported. We retrospectively evaluated relative and absolute reliability
peak SV by impedance cardiography during exercise using intra
correlation (ICC) and standard error of measurement (SEM) in
population.Peak SV was maaed in 30 young patients (mean age 14
years + 2.1) with right ventricular outflow tract reconstruction wi
underwent two cardiopulmonary exercise tests at a mean emear
interval. SV was measured using a signal morphology imped
cardiography analysidevice (PhysioFlow ) and was indexed to bc
surface area. ICC of peak indexed SV measurement was 0.80 ani
was 10.5%. Highheterogeneity was seen when comparing patier
according to peak indexed SV; in patients with peak SV < 50 ml/n
patients), ICC rose td®.95 and SEM dropped to 2.7%, while in patie
with a peak SV > 50 ml/m relative and absolute reliability decreased
= 0.45,SEM = 12.2%). Peak exercise SV assessment by a Phys
device represents a highly reliable method in patientthwesidual right
outflow tract lesions after congenital heart disease repair, especiall
patients with peak SV < 50 ml/m . In this latter group, a peak SV dec
>73%0 O2NNBAaALRYRAY3I G2 GKS YAYyA)
considered a clinicgtrelevant decrease in global ventriculi
performance andaken into account when deciding whether to perfor
residual lesion removal.

DOI (Digital Object Identifier) https://doi.org/10.1007/s002d67-17253

2. Université Pas Descartes, Sorbonne Paris Cité, Paris, France
3. Faculté des Sciences du Sport, Laboratoire MOVE (EA 6413), Université de Poitiers, |

Keywords:

wCongenital heart disease

w wWwStAFOAfAGE
w /I NRA2LIzZ Y2V
w {GNRB1S @2f dzy
w {A3TYyIl{f Y2Nk&K
cardiography

53



2. Application studies

! P Fi Hemodynamics Redefined™ _
2.1 Cardiology

Received July 25, 2006; revised manuscript received February 15, 2007; accepted March 2, 2007

Authors:

wYoshifumi Chiba, MD; Kazuhira Maehara, MD;
Hiroyuki Yaoita, MD; Akiomi Yoshihisa, MD; Jiro
Izumida, MD; Yukio Maruyama, MD

Abstract:

Background reduced exercise capacity may be related to decreased redistribution of blood flc
from the non-exercising tissues to the exercising skeletal muscle in patients with mild chronic hea
failure (CHF). Methods and Results In the present study 1l4fents with mild CHF and 10 healthy
subjects (N) underwent symptomlimited multistage-ergometer exercise, during which forearm
vascular resistance (FVR), cardiac index (Cl), systemic vascular resistance index (SVRI), and ox
uptake (VO_2) were measurednon-invasively using the plethysmograph, impedance, ani
respiratory gas analysis methods, respectively. The VO_2 and CIl at peak exercise were lo
(p<0.01 each), and SVRI and FVR at both rest and peak exercise were higher in the CHF group
in N. However, both the percent increase in FVR and percent decrease in SVRI from the resting st
to peak exercise were lower in CHF than N, and both of them correlated with not only peak VO
but also the corresponding resting value of FVR and SVRI (p<0.01 eadbpnclusions Redistribution
of blood flow from the nonexercising tissues to the working skeletal muscles, which ma
participate in exercise capacity, can be blunted in CHF. The decreased vasoconstrictive respons
the non-exercising tissues is intimatdy related to the increased resting vascular tone in CHF

Conclusion:
Not only an impaired reduction in SVRI, mainly because of attenuated reduction of working vascul
resistance, but also blunted redistribution of blood flow from norworking to exercising muscles,
which is expected from the attenuation of the % increase in FVR, may play a role in the exerc
intolerance of CHF patients. The development of a new strategy for alleviating these abnormaliti
in the nonexercising vascular bed, as vileas the impaired vascular relaxation in exercising skeleta
muscle, is recommended to ameliorate the decreased exercise capacity of CHF patients
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Abstract:

Patients with pulmonary
hypertension (PHT) are deemed
O1 JOIAOPT 1 AROOS

show no response to vasodilators
at rest. We therefore decided to
investigate the effects of
vasodilators  on  pulmonary
haemodynamics during exercise

Results

Scottish Pulmonary Vascular Unit,
Western Infirmary, Glasgow, UK

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 micromanometei
tipped continuous pulmonary artery pressure (PAP) catheter
was inserted. All 4 were norresponders 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, 4680 ppm) and oxygen (O2, 15L min).
Cardiac Output (CO) was measured by nenvasive
impedance cardiography. Subject data was pooled using the
method described by Poon (J. Appl Physiol. 1998; 64:8%).
The bestfit line for Pressure Flow (RQ) plots was
determined by linear regression. An adjusted two paired
student t-test was used to compare the line gradients.

Conclusion

We found that although total pulmonary vascular In each of these 4 subjects, whilst there wa
resistance (asdefined as mean PAP/ CO) showe no vasodilator response at rest, there was
no change at rest, the slope of the -@ plots an improving relationship  between
decreased with vasodilators during exercise  pressure and flow during exercise whilst

(p<0.0005).

receiving the vasodilators NO & O2. Ir
patients with PHT, the assessment o
vasodilator response may be better
performed during exercise than at rest.
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Abstract: Keywords:
A 64-years-old man was admitted to our hospital with complaints of WFAP type |,
orthostatic faintness and occasional diarrhea. Archocardiogram of wCardiac
the left ventricule demonstrated a severe restrictive disorder and  amyloidosis,
granular sparkling appearance in the thickened walls. Microscopii  «PhysioFlowiM
findings of the myocardial biopsy revealed massive intramuscula olab-1
accumulation of eosinophilic exudates ath severe atrophy of myocytes.
Cardiac 99m Tepyrophosphate (PYP) findings showed diffuse markec
uptake in both left and right ventricules. Cardiac 123meta-
iodobenzyl-guanidine (MIBG) findings showed complete defect on botl
early and delayed images. Genietanalysis revealed a single amino aci
substitution at codon 30 of transthyretine (TTR), named FAP type |
Dynamic monitoring of the cardiac index peripheral vascular
resistance in postural positions and exercise was measured by nol
invasive methods (PhgioFlowTM Lab1). The results of analysis
indicated that the fall in blood pressure during exercise in our case wa
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 FAl
type I. The present case is considered to be the first one@untered in
Shiga.
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Introduction:

Negative intrathoracic pressure (NIP) is a
defining features of OSA that acutely augment
demand on cardiac function during apneas
Previous studies have shown distinct
hemodynamic changes in healthy subject
undergoing simulated apneas. We sought ti
investigate the cardiovascular effects of NIF
during and after a simulated apnea in awake
patients with OSA versus healthy subjects.

Hemodynamics Redefined™

2. Application studies
2.2 Lung Disease and Internal Medicine

!: Radford University, Radford, Va

2:: Sleep Disorders Network of Southwest
Virginia, Christiansburg, Va

3:Virginia Tech, Blacksburg, Va

Methods:
Subjects included 15 healthy males (Mean + SLC
age = 38.6 + 6.3 yr; BMI = 22.7 £ 5.4; all low ris
by Berlin questionnaire; neck circumference =
38.71 + 2.4) and 10 recently diagosed 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).

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.

Results

During simulated apneas, stroke volume (SV) decreased in boi
groups with no response difference between control and OS.
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 anncrease (11.8 £ 14.3 %) and controls ¢
decrease (7.5 * 4.9%; p<0.0001) during apnea. In the post
apnea period, SV in controls increased in a compensatory fashic
and returned to baseline by the end of the 3 minutes. In contras
SV declined in OSA patiestto pre-apnea values 30 seconds afte
breathing was restored, suggesting a blunted response. Pes
apnea, MCI was different only immediately after termination of
the MM, when the OSA response was higher than for contro
(18.9 £ 27.5 % versus8.5 £ 11.9 % p<0.004).

Study supported by NeuMeDxnc.
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Background
Respiratory muscle unloading during exercise could improve locomotor muscle oxygenation
increasing oxygen delivery(higher cardiac output and/or arterial oxygen content) in patients with

chronic obstructive pulmonary disease (COPD).

Methods:
Sixteen northypoxaemic men (forced expiratory
volume in 1 s 422 (13.99% predicted)
undertook, on different days,two constant work
rate (70z80% peak) exercise tests receiving
proportional assisted ventilation (PAV) or sham
ventilation. Relative changes £A%) in
deoxyhaemoglobin  (HHb), oxyhaemoglobin
(O2HDb), tissue oxygenation index (TOI) and tota
haemoglobin (Hbtot) in the vastus lateralis
muscle were measured by neamfrared
spectroscopy. In order to estimate oxyger
delivery (DOZ2est, I/min), cardiac output and
oxygen saturation (SpO2) were continuously
monitored by impedance cardiography and
pulse oximetry, respectvely.

Results:

Exercise tolerance (Tlim) and oxygen uptake
were increased with PAV compared with
sham ventilation. In contrast, endexercise
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 submaxima
exercise or at Tlim (ie, DO2est remainec
unchanged with PAV; p>0.05). Leg muscl
oxygenation, however, was significantly
enhanced with PAV as the exerciseelated
decrease inA(O2Hb)% was lessened and TO
was improved; moreover, A(Hbtot)%, an
index of local blood volume, was increasec
compared with sham ventilation (p<0.01).

Conclusion
Respiratory muscle unloading during highintensity exercise can improve peripheral muscle
oxygenation despite unalteredsystemic DO2 in patients with advanced COPD. These findings migt
indicate that a fraction of the available cardiac output had been redirected from ventilatory to
appendicular muscles as a consequence of respiratory muscle unloading.

58


mailto:alberto.neder@pq.cnpq.br

i P F| Hemodynamics Redefined™ 2. Application studies .
2.2 Lung Disease and Internal Medicine

Eur J Appl Physic2011 Sep 4.

Authors:
uBravo DM uSiqueira AG | Division of Respiratory Medicine, Department of Medicine,
wGimenes AC uMeda ED Pulmonary Function and Clinical Exercise Physiology Unit,
ulNascimento RB olNeder JA Federal University of Sao Paulo,
wi-erreira EV, oNery LE Paulista School of Medicine (UNIFESEPM),
Rua Botucatu, 740 3rd floor, Vila Clem#ino,
Sao Paulo, CEP 0402362, Brazil,
danielamanzoli@hotmail.com

Abstract:

This study addressed whether O(2) delivery during recovery from highintensity, supra-gas
exchange threshold exercise wouldbe matched to O(2) utilization at the microvascular level in
patients with mitochondrial myopathy (MM). Oftexercise kinetics of (1) pulmonary O(2) uptake
[Formula: see text] (2) an index of fractional O(2) extraction by neainfrared spectroscopy
i ¢ AAb#Mb]) in the vastus lateralis and (3) cardiac output (Q (T) () ) by impedance
cardiography were assessed in 12 patients with biopsproven MM (chronic progressive external
ophthalmoplegia) and 12 age and gendermatched controls. Kinetics of [Formuh: see text] were
OECT EEZEAAT O1 U Ol 1T x A0 =53.8+D650£ #8187 6 s, espdciively < 0.@50
1 §4q o h EiI xAOAOh Ac4A4i18.8 BsA73.6:01.6€ b+ EDB)AEing
typically slower than [Formula: OAA OA@Oy EIT AT OE C O-HOMMO&lynamiic®
(MRT) were equal to, or faster than, [Formula: see text] in patients and controls, respectively.
fact, there were no betweerC O1 OB AE £ZFZAOAT AAO EI £ &1-Bd+®1b]/
(1.1+£0.4 vs. 1.0t 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 hightensity
exercise is not related to impaired microvascular O(2) deliver in patients with MM. This
phenomenon, therefore, seems to reflect the intrnyocyte abnormalities that characterize this
patient population.
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Background & Objective: Methods:
Proportional assist ventilation (PAV) has been  Twenty patients underwent constant
proposed as a more physiological modality of non load (75-80% peak work rate) cycle
invasive ventilation, thereby reducing the potential for ergometer exercise testing to the limit
deleterious cardio-circulatory effects during exercise, of tolerance (T(lim)), while receiving
in patients with COPD. We therefore evaluater PAV or breathing spontaneously. Stroke

whether PAV modulates the kinetic and 'steadygtate’ volume (SV), heart rate (HR) anc
haemodynamic responses to exercise in patients witt  cardiac ouput (CO) were monitored by
moderate-to-severe COPD. impedance cardiography.

Results: Conclusion:

Compared with unassisted breathing, PAV increased T(lim) i PAV slowed the 8 and CO
8/20 patients (median improvement 113% (range 8 to 212) vs kinetics at the onset of high

-20% (range -40 to -9)). PAV had no significant effects or intensity exercise in selected
'steady-state’ haemodynamic responses either in patients witt patients with moderate-to-

or those without increased T(lim) (P > 0.05). However, at the = severe COPD. However, thes
onset of exercise, SV kinetics were slowed with PAV, in 13/1 adverse effects of PA\V
patients with analysable data. HR dynamics remained unaltere  disappeared during the stable
or failed to accelerate sufficiently in nine of these patients  phase of exercise, and were no
thereby slowing CO kinetics (T(1/2) 61 s (range 8430) vs 89 s related to the ergogenic
(range 100-47)). These deleterious effects were not, however  potential of PAV in ths patient

associated with PAVinduced changes in T(lim) (P > 0.05). 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 impro\
peripheral muscle oxygenation at the onset ofupra-gas exchange threshold exercise in patient
with chronic obstructive pulmonary disease (COPD) who were not overtly hypoxemic (resting F
/I FE oom 11 (C Q8 $AOPEOA MEAOOAO AAOAEAA 1 OOE
significantly change pu | T T AOU /¢ ODPOAEA EET AOEAO | 6/ F
associated with faster fractional O2 extraction ( approximately Delta[deoxyHb+Mb] by near

infrared spectroscopy) (p<0.05). In addition, an "overshoot" in Delta[deoxyHb+Mb] was found
after the initial fast response only in HiOX (7/11 patients) thereby suggesting impaired intra
i OOAOI AO [/ ¢ A AltcRutdiZatiob. These Hatd indifate €hat, despite improved "central'
I ¢ AAT EOAOUR 10/ Fi O&0 AAADPOAA A Ger OX0n riorhfpaxaeid
patients with COPD. Our results question the rationale of using supplemental O2 to improve mus
oxygenation during the transition to high-intensity exercise in this patient subpopulation.
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Abstract:

Inspiratory pressure support (IPS) plus positive endexpiratory pressure (PEEP) ventilation might
potentially interfere with the "central" hemodynamic adjustments to exercise in patients with
chronic obstructive pulmonary disease (COPD). Twentgne non or mildly-hypoxemic males
(FEV(1) = 40.1 +f 10.7% predicted) were randomly assigned to IPS (16 cmH(2)O) + PEEP
cmH(2)O) or spontaneous ventilation during constardwork rate (70-80% peak) exercise tests to
the limit of tolerance (T (lim)). Heart rate (HR) stroke volume (SV), and cardiac output (CO) wer
monitored by transthoracic cardioimpedance (Physioflow, Manatec, France). Oxyhemoglob
saturation was assessed by pulse oximetry (SpO(2)). At similar SpO(2), IPS(16) + PEEP(5) °
associated with heterog@eous cardiovascular effects compared with the control trial. Therefore, 1.
patients (Group A) showed stable or increased Delta "isotime® rest SV [5 (029) mL], lower
DeltaHR but similar DeltaCO. On the other hand, DeltaS\M((J (-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). Grt
B showed higher resting lung volumes, and T (lim) improved with IPS(16) + PEEP(5) only in Grol
A [51 (-60 to 486) vs. 115 €210 to 909) s, respectivey; p < 0.05]. We conclude that IPS(16) -
PEEP(5) may improve SV and exercise tolerance in selected patients with advanced COPD. Impe
SV and CO responses, associated with a lack of enhancement in exercise capacity, were founc
sub-group of patientswho were particularly hyperinflated at rest.
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Abstract:

We have previously shown that posexercise 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 sequent
30-s, cycle ergometer Wingate tests. During the 4®in recovery period from test 1, subjects
breathed freely or through an inspiratory resistance (15 cm H(2)O) with passive leg recover
Arterialized [Lac(b)(-)] values, perceptual scores (Borg), cardiac output by impedance cardiograpt
(QT), and changes in the deoxygenation status of the M. vastumtetalis by nearinfrared

spectroscopy (DeltaHHb), were recorded. [Lac(b)f] was significantly reduced after 4 min of
recovery with IRL (peak [Lac(b)¢)] 12.5 +/- 2.3 mmol I(-1) with free-breathing vs. 9.8 +/ 1.5 mmol

I(-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 I
recovery. Peripheral muscle reoxygenation, however, was significantly impaired with [RI
suggestirg that postexercise 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,
increased fatigue index (P < 0.05). Our data demonstrate that IRL afee Wingate test reduces post
exercise effort perception and improves peak power on subsequent aut maximal-intensity

exercise.
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Abstract:

Blood flow requirements of the respiratory muscles (RM) increasenarkedly during exercise in
chronic heart failure (CHF). We reasoned that if the RM could subtract a fraction of the limite
cardiac output (QT) from the peripheral muscles, RM unloading would improve locomotor muscl
perfusion. Nine patients with CHF (lafventricle ejection fraction = 26 +/- 7%) undertook constant

work rate tests (70-80% peak) receiving proportional assisted ventilation (PAV) or shan
ventilation. Relative changes (Delta%) in deoxhemoglobyn, oxiHb (JO2HDb]), tissue oxygenation
index, andtotal Hb ([HbTOT], an index of local blood volume) in the vastus lateralis were measure
by near infrared spectroscopy. In addition, QT was monitored by impedance cardiography ar
arterial O2 saturation by pulse oximetry (Sp0O2). There were significant immpvements 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
systemic O2 delivery as QT and SpO2 at subrimal exercise and at Tlim did not differ between
PAV and sham ventilation (P > 0.05). Unloaded breathing, however, was related to enhanced
muscle oxygenation and local blood volume compared with sham, i.e., higher Delta[O2Hb]% &
Delta[HbTOT]%, resgctively (P < 0.05). We conclude that RM unloading had beneficial effects

the oxygenation status and blood volume of the exercising muscles at similar systemic O2 delive
in patients with advanced CHF. These data suggest that blood flow was redistribdt from

respiratory to locomotor muscles during unloaded breathing.
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Abstract:

Patients with chronic obstructive pulmonary disease (COPD) have slowed pulmonary O(2) uptak
(Vo(2)(p)) kinetics during exercise, which may stem from inadequate muscle O(2) deliven
However, it is currently unknown how COPD impacts the dynamic relationship between system
and microvascular O(2) ddivery to uptake during exercise. We tested the hypothesis that, alon
with slowed Vo(2)(p) kinetics, COPD patients have faster dynamics of muscle deoxygenation, |
slower kinetics of cardiac output (Qt) following the onset of heawntensity exercise. Wemeasured
Vo(2)(p), Qt (impedance cardiography), and muscle deoxygenation (ne@mfrared spectroscopy)

during heavy-intensity exercise performed to the limit of tolerance by 10 patients with moderate
to-severe COPD and 11 agmwatched sedentary controls. Vaables were analyzed by standard
nonlinear regression equations. Time to exercise intolerance was significantly (P < 0.05) lower
patients and related to the kinetics of Vo(2)(p) (r =0.70; P < 0.05). Compared with controls, COF
patients displayed slaver kinetics of Vo(2)(p) (42 +/- 13 vs. 73 +- 24 s) and Qt (67 ++ 11 vs. 96
+/- 32 s), and faster overall kinetics of muscle deoxib (19.9 +/- 2.4 vs. 16.5 +f 3.4 s).
Consequently, the time constant ratio of O(2) uptake to mean response time of deexip

concentration was significantly greater in patients, suggesting a slower kinetics of microvascul:
O(2) delivery. In conclusion, our data show that patients with moderat¢éo-severe COPD hawvi
impaired central and peripheral cardiovascular adjustments fobwing the onset of heavyintensity

exercise. These cardiocirculatory disturbances negatively impact the dynamic matching of O(
delivery and utilization and may contribute to the slower Vo(2)(p) kinetics comared with age

matched controls.
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Background

Hypotension during hemodialysis is frequent in patients
with  cardiovascular disease who have a limitec
physiological compensatory response. Recent advances
technology allow non-invasive monitoring of cardiac output
and derived hemodynamic parameters. This prospective
study evaluated episodes of intradialytic hypotension using
clinical data and continuous norinvasive hemodynamic
monitoring by impedance cardiography.

Results

During continuous norrinvasive cardiac monitoring, a fall of
systolic arterial blood pressure of 20% or more at least once
during hemodialysis was detected in 18 patients (37.5%)
thereafter identified as the "Unstable" group. In 30 patients
thereafter called the "Stable" group, the blood pressure did
not change significantly. During hypotension, a decrease i
cardiac output was found in 11 of the 18 unstable patients
and a significant fall in peripheral resistance in the
remaining 7. Enddiastolic filling ratio was significantly
lower in the unstable group. The most significant predictors
associated with intradialytic hypotension were the presence
of ischemic heart disease (P = 0.05), and medication wit
beta blockers (P = 0.037) and calcium channel blockers (P
0.018).

PMID: 20449654 [PubMed as supplied by publisher]
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Medical Intensive Care Unit, Division of
Medicine, HadassatJniversity Medical Centre,
Ein Kerem, Jerusalem, 91120, Israel.

Methods:
Forty-eight chronic hemodialysis

patients, with prevalence for
intradialytic hypotensive
episodes,

underwent evaluation with non-
invasive impedance cardiography
(Physioflow((R))) before, during

and after a regular dialysis
session.

Conclusion
Hemodynamic changes in dialysis
patients with hypotensive
episodes included decreasec
cardiac output or decreased
peripheral resistance. A lower

end-diastolic filling ratio may be
regarded as a marker for reduced
preload in these patients. Nomn
invasive impedance cardigraphy
may be used to evaluate risk
factors for hypotension in dialysis
patients.
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Rationale
Attempts to investigate the mechanisms by whick

continuous positive airway pressure (CPAP) therapy
improves heart function in patients with obstructive sleep
apnea (OSA) have been limited by the lack of nanvasive
methods to assess cardiac performance. Measuremen
using transthoracic electrical bioimpedance (TEB) correlate
closely with cardiac output measurements obtained by
pulmonary artery catheterization (PAC). We used TEB t
assess acute hemodynamic changes including heart ra
(HR), stroke volume (SV), cardiac output (CO) and cardic

! Kingston General Hospital, Kingston, Canada

Methods:

Postoperative cardiac surgery
patients were studied via TEB and
PAC during acute titration of
positive end-expiratory pressure
(PEEP) while mechanically
ventilated. Patients with severe
OSA were tudied non-invasively
by TEB during acute CPAF
titration in supine stage 2 sleep,
and normal subjects while awake

index (Cl) during PAP titration in (1) in postoperative and recumbent.
cardiac surgery patients, (2) paients with severe OSA, anc

(3) normal healthy volunteers.

Results:

In three post-operative cardiac surgery patients, increasing PEEP to 18 cmH20 reduced SV by 1
+/-2.0% (P =0.0003) and Cl by 12.0 +/1.9% (P = 0.0004)

Relative to baseline. There was no statistical difference between TEB and PAC in terms of ability
assess variations in hemodynamic parameters. In patients with severe OSA (n=3), CPAP titratior
optimal pressure to alleviate obstructive apneas (media® cmH20, range 8 cmH20) reduced HR
significantly from 71.9 +/- 3.9 min-1 to 61.8 +/- 6.3 min-1 (P < 0.0001); SV from 93.5 +/7.8 mL to
82.9 +/-11.2 mL

(P <0.0001), CO from 6.7 +/0.7 L/min to 5.1 +/- 0.8 L/min (P < 0.0001) and CI from 2.9 +/0.3
L/min/m2 to 2.3 +/ - 0.4 L/min/m2 (P <0.0001) compared to without CPAP but in the absence of
apneas. In three healthy subjects, maximal tolerated CPAP (median 16 cmH20, rangd84mH20)
reduced SV and CO by 10.3% -+H0.4% and 13.0% +/ 9.9% respectively when compared to baseline.

Conclusion
Acute administration of CPAP causes a decrease in CO and Cl, apparently a consequence of a
reduction in SV. TEB appears to be an accurate and reproducible Aowasive method of detecting
changes in hemodynamicsendering it a suitable alternative to PAC in measuring hemodynamic
parameters in patients on PAP therapy.

This abstract is funded by: No funding for project. Submitting author received the Heart &troke
Foundation of Ontario (HSFO) Summer Medical Student Award for undertaking the project
Am J Respir Crit Care Med 181;2010:A4541
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Abstract:

Although resistant hypertension affects a minority of all

hypertensives,this group continues to experience disproportionately
high cardiovascularevent rates despite newer antihypertensive agents
Hypertension represents an imbalance of hemodynamic forces withir
the circulation, usually characterized by eleated systemic vascular
resistance.We studied the utility of serial hemodynamic parameters in
the selection and titration of antihypertensive medication in
resistant hypertensive  patients  using  highly  reproducible
noninvasive measurements by thoracic bioinpedance. Resistant
hypertension patients (n=104) were randomized to drug selection
based eitheron serial hemodynamic (HD) measurements and
predefined algorithm or on drug selection directed by a hypertension
specialist (SC)jn a 3month intensive treatment program. Blood
pressure waslowered by intensified drug therapy in both treatment
groups (169+3/87+2 to 139+2/72+1 mm Hg HD versus 173+3/91+2
to 147+2/79+1 mm Hg SCP<0.01 for systolic and diastolic BP), using
similar numbers and intensity of antihypatensive medications.
Blood pressures were reduced further for those treated according
to hemodynamic measurements, resulting in improved control
rates(56% HD versus 33% SC controlled t&¢140/90 mm

Hg,P<0.05)and incremental reduction in systemic vascularesistance
measurements.Although the number of patients taking diuretics did
not differ between groups, final diuretic dosage was higher in the
hemodynamiccohort. Our results demonstrate superior blood
pressure controlusing a treatment algorithm and grial hemodynamic
measurementscompared with clinical judgment alone in a randomized
prospective study. Our measurements of thoracic fluid volume suppor
occultvolume expansion as a mediator of antihypertensive drug
resistanceand use of impedance measuraents to guide advancing
diuretic dose and adjustment of multidug antihypertensive treatment.

Division of Hypertension and Internal Medicine,
Mayo Clinic, 200 First St SW, Rochester, MN 55905.

Keywords:
uHypertension
uResistant
wHemodynamics
uDrug therapy
wCardiography

IMPORTANT NOTE FROM THE MANUFACTURER
The device used for this study was a standar@mpedance cardiograph device
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Purpose

Methods:

The aim of our study was to measure 16 untreated hypertensive subgcts (61+9 years) were
the effects of sauna alone (S) v¢ randomly assigned to 3 conditions: a resting control
exercise and sauna (ES) on bloo period (C), ES (30min ergocycle exercise at 75%
pressure (BP) and central HRmax followed by two successive saunas) and S (tw
hemodynamic variables during and successive 8 mirsauna). Manual BP and hemodynami
after sauna exposure in patients with measurements (cardiac bioimgdance, PhysioFlow®)
untreated hypertension. were performed at baseline, during the 2 saunas (fo
ES and S), 15 and 120 min after saunas. 24
ambulatory BP (ABP, Spacelabs®) was installed 12
min after sauna.

Results:

ES decreased ABPM daytime SBP, 28BP (5
mmHg, p<0.05) and 24h mean BP. During sauna
SBP decreased at 2nd min of the 1st sauna (p<0.0
for S and ES. During saunas, HR and cardiac outf
increased (p<0.0001) for S and ES conditions
whereas ventricular ejection time and total
vascular resistane (TVR) decreased (p<0.0001)
End-diastolic volume increased in S and ES afte
120 min (p<0.0001). TVR was reduced after 15 an
120 min for S and ES compared to C (p<0.0001).

Conclusion

Exercise and sauna have positive effects ¢
daytime and 24h SBP in patients with
untreated hypertension on contrary to
sauna alone. Exercise and sauna or saut
alone reduces TVR, with positive effect:
lasting 120 min after heat exposure.
Exercise and sauna could be recommende
as a nonpharmacological intervention for
hypertension.
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Abstract:

Exerciseinduced dynamic hyperinflation and large intrathoracic pressure swings may compromist
the normal increase in cardiac output (Q) in Chronic Obstructive Pulmonary Disease (COP
Therefore, it is anticipated that the greater the diseaseseverity, the greater would be the
impairment in cardiac output during exercise. Eighty COPD patients (20 at each GOLD Stage) an
healthy agematched individuals undertook a constantload test on a cycleergometer (75%
WR(peak)) and a 6min walking test(6MWT). Cardiac output was measured by bioimpedanc
(PhysioFlow, Enduro) to determine the mean response time at the onset of exercise (MRTon) a
during recovery (MRToff). Whilst cardiac output mean response time was not different between th
two exercise protocols, MRT responses during cycling were slower in GOLD Stages Il and
compared to Stages | and Il (MRTon: Stage I: 4512, Stage Il: 653, Stage lll: 903, Stage IV: 10
MRToff: Stage I. 42+2, Stage II: 6813, Stage lll: 87+3, Stage IV: 104+3ypaetively). In conclusion,
the more advanced the disease severity the more impaired is the hemodynamic response
constantload exercise and the 6MWT, possibly reflecting greater cardiovascular impairmet
and/or greater physical deconditioning.
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Introduction:

During preeclampsia, symptoms and signs areften late in
OEEO AEOAAOA8O EEOOI OUh A
diagnostic, resulting early therapy, and consequently ¢
lower morbidity and mortality. Nowadays, no per partum
test is enough sensitive or specific to diagnose
preeclampsia before the chical signs appearance.
Transthoracic Cardiac impedancemetry (TCI) is a totally
non invasive technique measuring systolic ejection volume
(SEV), and calculating cardiac output (CO, cardiac index C
and indexed systemic vascular resistances (ISVR), whic
could be interesting in the early detection of abnormal
hemodynamic state in preeclampsia. The purpose of ou
study was to describe the variations of hemodynamic
variables in preeclampsia during the third trimester of
pregnancy using TCI in supine (S), lefateral (LL) and right
lateral (RL) position, compared with non preeclamptic
pregnant women, and non pregnant women.

, AA QI *: Anesthesia and intensivd AOA AADAOOI Al Oho
$ @O A ( Hospital, 72 rue Pasteur, 76130, MONT SAINT AIGNAN, France.
2 University Hospital « Charles Nicolle », 1 rue de Germont, 76000 ROUEN
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Methods:

We conducted a prospective observational case contrc
study. We included pregnant volunteer or with isolated
pregnancy related hypertenson women in the third
trimester between the 32th and the 36th week of
gestationnal age and divided them depending of theil
prognosis on term (preeclampsia, PE group, or eutoci
birth, EUT group). We compared theses patients, with 1(
non pregnant women SURE, 15 minutes LEFT, 1E
minutes RIGHT, 15min (TEM group). We measured b
plethysmography and TCI (Physioflow ®, Manatec) for
every women, systolic blood pressure, diastolic and averag
blood pressure , CO, cardiac index (Cl), ISVR. The measu
were during 15 minutes in strict S, then the measures were
repeated. We calculated the difference between eac
position sequence for every parameter. After the measures
the patients were followed until the 15 days postpartum
and distributed according to their prognasis.

Results
We included 10 patients per group. The TCI was perfomed at 35 SA for the EUT and PE group. The median term we
amenorrhea weeks (AW) in the EUT group and 36,6 AW in the PE group.
7 patients on 10 of the PE group had a negative cardia@ex variation when changing from supine to lateral position
(left or right) vs 2 in the EUT group.The principal hemodynamic variables between group is described in the followinc
table (*= p<0,05). median [extremes])

Indexed Cardiac output/ Supine

Cardiac output/ Left Lateral

Indexed Systemic vacular resistances/Supine
Indexed Systemic vacular resistances/Left Lateral

3,5 [2,7-4,5]
3,4[2,64,4]
1894[1050-2790]
1687[1197-3617]

3[1,6-3,6]
*2.4[1,83,3]
*3376[2523-7018]
*3382 [2463-3971]

3,3[2,84]
2,9[2,53,3]

2142 [1730-2409]
2345 [2128-2668]

Cardiac index variations between Supine 0,98 [+4,31] -7,39 [+7,3] -10,9 [+ 4,92]
and LL %[+ SEM] . p=0,3
Conclusion:
yT DPOAAAI Ai POEAh EEGCE 263) EAOA Al OAAAU AAAT AAOAOERA

the patient changes his position from SUPINE to LATERAL POSITION, but CO and CI do. Moreover, the CI anc
achieve the levels found inthe litterature in preeclamptic patients. CO measurement with Physioflow© TCI devict
seems well correlated with CO measurement thermodilution technics (1) in the litterature. In our study, variation o
cardiac index (measured with TIC) during changes ofgsition between SUPINE to RIGHT OR LEFT position measur
at 35 SA, could have a high prognosive power for an evolution toward preeclampsia. Our study is limited by c
AT ET OO00 OiI Al11AO0O8 &OOOEAO OOOAEAO A @dtalC h hddajnogid of PEI
We have already started a new study comparing cardiac output correlation between transthoracic echocardiography
and TCI in third trimester pregnant and non preeclamptic,which are nowadays, missing data, to validate TCthese
patients. Furthtermore we are still including patients in a larger cohort study, allowing more focused search on
relations between known prognosis factors, prognosis and hemodynamic parameters measured by TCI.
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Background:

EoOIi i T1TAOU EUPAOOAT OEIT I

characterized by an increase in pulmonary

pressures, ultimately leading to right heart failure
and death.

E4EA AEAGCITOEO AT A 1 AT A«
heart catheterization (RHOC). Impedance
cardiography is a noninvasive methodology that
determines resting cardiac output with good
accuracy and fair precision in patients with PH.

Z/ AEAAOGEOA 4&£O01 ACET 1 Al /
commonly assessed by the siminute walk test
(6MWT), at study that provides information on
disease severity, prognosis and response to therap
.1 DOAOETI 6O OOOAEAO E
output response during 6MWT in PH using
impedance cardiography.

Results:
Z7A ET Al OAAA py DPAOEAT OO
(16) years.
ZoOlI i 1T AOU AOOAOQEAI

were on PHspecific therapies.
E" AOGAT ET A (2

0.7, p<0.001) and at its peak (r =0.48, p = 0.04).
E3EI El AOIl Uh [ A@EI O (2

0.017).

Z 4 E Aacekleration slope is associated with peak CO (r = 0.7
p < 0.001) and distance walked in meters (r = 0.49, p = 0.039)
EO OECT EEZEAAT Ol U A
p = 0.003) but not maximal HR ( r = 0.2, p = 0.38) o

EFOAAE #/

univariable linear regression analysis.

EUPDAOOA
patients. The rest had chronic thromboembolic PH or Pt
associated with parenchymal lung disease. All but 3 patient
EO ET OAOOAIT U A«

EO E
baseline (r =-0.75, p <0.001) and at its peak (r =0.56, p =
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Cleveland Clinic, Cleveland, Ohio, USA

Methods:
PPatients with PH, confirmed with RHC,
were recruited at the time of their 6MWT.
PNe used a new generation portable
impedance cardiography device
(Physioflow enduro, Manatec Biomedical,
Paris, France) with real time wireless
monitoring via a bluetooth USB adapter.
PPhysioflow measures changes in
transthoracic impedance in response to
the administration of a high frequency
and low-amperage alternating electrical
current via skin electrodes.
PWNe determined heart rate (HR), stroke
volume (SV), cardiac output (CO) and
cardiac index (CI) before, during and for
three minute after the 6MWT.

Conclusion
i E2AAT OEI A xEO
cardiography allows the non
invasive  determination  of
hemodynamic parameters in
PH patients during 6MWT.
E36h #/ Al A #
activity. CO acceleration slope
is directly associated with the
distance walked and peak CO.
E4EA AAAEOEI I
cardiography to the 6MWT can
potentially increase the value
of this test and provide insight
into the hemodynamic changes
during exercise in PH.
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Abstract:

Haemodynamic responses to exercise are related to physical impairment and wargnosis in
patients with pulmonary arterial hypertension (PAH). It is clinically relevant, therefore, to investiga
practical usefulness of neinvasive methods of monitoring exercise haemodynamics in this pa
population.

Using a novel impedanceardiography (ICG) approach that does not require basal imped
estimations and relies on a morphological analysis of the impedance signal {@apablogyL / D 0
stroke volume (SV) and cardiac index (Cl) were evaluated in 50 patients and-@tataged controls
during a rampincremental cardiopulmonary exercise testing.

Technically unacceptable readings were found in 12 of 50 (24%) patients. In the remaining subjec
RSONBIFaS ob ' d0 2N I U-udohdédSeketaieP\ 510 il wereommrkers «
Y2NB I+ R@FyOSR t ! | -fold arrd reably pstindatednldciate tH¢eshold pvere the ol
independent predictors of a severely reduced peak oxygen uptake (VO(2)) in patients (R(2)
trndnamo® ¢ KS -f6ldpluR peskad/O@)k 509 ptedicisd wad gssociated with a numt
Ot AYAOILf YR FdzyOliA2ylLf YIFINJSNBR 2F RA&aSIaSs
XX wfofblpvere significantly related to-fear frequency of PAkélated adverse eents (death and
balloon atrial septostomy, N = 8; P<0.05).

'Qualitative’ and 'semguantitative’ signaly 2 NLJK2f 2 3& A YLISRIyOS OF N
during incremental exercise provided clinically useful information to estimate disease sevetishort
term prognosis in patients with PAH in whom acceptable impedance signals could be obtained.
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Abstract:

An abnormal increase or decrease in blood pressure (BP) in respor
postural stress isassociated with increased risk otleveloping
hypertension and stroke. However, the haemodynamic respor
contributing to changes in central BP with postusaless are not wel
characterised. We aimed to determine this in controls compared
patients with type 2 diabetes mellitus (T2DMyhom we hypothesisec
would have an abnormal postural response. 41 participants (20 contrc
T2DM) underwentmeasurement of brachial and central BP (by ra
tonometry), with simultaneous bioimpedance cardiograpty determine
stroke volume (SV) and cardiac output (CO)) and heart rate variabili
seated and standing postures. Systemic vascular resistance (8éR;
arterial pressure/CO), and arterial elastance (EA; end systolic pressut
were calculated. Postal changes were defined agated minus standing
values. Central pulse pressure (PP) was higher in patients with T2D!
did not change from seatetb-standing positions, whereas there was
significant decrease upon standing in controls (P00.05). Tlaagehin
central systolic BIPSBP) correlated with change in SVR and EA in cot
(rv40.67 and 0.68, P00.05, respectively), but not in patients with T@E
y0.05 and r¥0.03, P40.05, respectively). SV was the only signi
correlate of change in centr&BP in T2DM patien(s/20.62, Po0.05) an
this was not observed in controls (rs y0.08 P40.05). We conclude
central haemodynamic responsesfiostural stress are altered in patien
with T2DM and result in persistent elevation of central PP whiladitey.
This may contributeto increased cardiovascular risk associated w
T2DM.

Keywords:
uhaemodynamics,
uiype 2 diabetes,
upulse wave analysis,
wposture
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Abstract:

Dynamic hyperinflation (DH) has a significant adverse effect on cardiovascular function during exe
COPD patients. COPD patients with (n=25) and without (n=11) exiwised DH undertook al
incremental (IET) and a constaotd exercise test (CLET) sustained at 75% peak work (WRpeak)
and following an interval cycling exercise training regime (set at 100% WRpeak veitlv@8/30s rest
intervals) lasting for 12 weeks. Cardiac out@) was assessed by cardlio-impedance (PhysioFlov
enduro, PFO7) to determine Q mean response time (QMRT) at onset (QMRTON) and offset (QM
of CLET. Posthabilitation only those patients exhibiting exerciseluced DH demonstrated significa
reductions in QMRTON (from 82.2+4.3 to 61.7+4.2s) and QMRTOFF (from 80.5+£3.8 to 57.2+4.9:
postrehabilitation adaptations were associated with improvements in inspiratory capacity, the
suggesting that mitigation of the degree of exereisduced DH improves central hemodynam
responses in COPD patients.

Keywords
wCOPD

wCardiac output
wPulmonary rehabilitation

Copyright © 2015 Elsevier B.V. All rights reserved.
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Abstract:
Introduction: In patients with COPD pulmonary rehabilitation (PR) induces true physiological effect
reflected by reduced ventilatory requirement and improved peripheral muscle function. The effect
on central hemodynamic responses during exercise remains largkhown.

Aim: To examine the impact of PR on cardiac output (Q) responses during incremental (IE) and €c
load exercise (CLE).

Method: 60 COPD patients (GOLD stagd¥}lwere studied (including 15 controls). PR consisted of
interval cycling exeise 3 days/week for 10 weeks, with-8@vork periods/36s rest periods for 30
min/day and intensity at 100% of peak work capacity (Wpeak). Q was measuredimpbiance
(Physioflow P7) during IE and CLE at 75% Wpeak-fairéduring exercise and necovery, prior to
and following PR.

Results:At Wpeak there was an increase in Q after PR (from 10.1+0.5 to 12.4+0.6, L/min, p=0.001
to increased SV (from 90+3.2 to 105.1+4.42 ml/min, p=0.003)-rébabilitation at an identical work
rate during E, Q did not differ compared to prehabilitation; however SV was higher (pre: 90£3.2; p
9543.2 ml/min) and HR lower (pre: 113+3; post 106£3 beats/min, p=0.008). Postrehabilitation duri
there were significant reductions in Q mean response timB{Wat the onset and offset of exercise
(pre: 79.844.4; post: 66.9+4.5sec, p=0.001) and (pre: 79.1+4.3, post: 66.1+4.2 sec, p=0.001), resf

Conclusion Pulmonary rehabilitation induces an improvement in central hemodynamic function to
incrementaland constardoad exercise in patients with CDRicross GOLD stages Il to IV.
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Abstract:
BACKGROUNDhe aim of this study was to assess the hemodynamic parameters analyzed in
bioimpedance cardiography during maximal exercise in patients with type 1 diabetes diffeirisglin
resistance.

METHODSThe study group consisted of 40 men with type 1 diabetes. Tissue sensitivity to insulin \
assessed on the basis of the glucose disposal rate (GDR) analyzed during hyperinseiligstweemic
clamp. Patients were divided inB N2 dzLJa ¢ A G K D5 w f n<4bwer iNsHlik §edskivity) )
YR D5w xn ®p Y Fhighe wsvlih yensiivity). DariNgXdzedercise test, the heart rate
systolic volume, cardiac output, cardiac index were measured by the impedance (PeyesioFlow).

RESULT&ompared with the G2 group, the G1 group had a lower cardiac output (CO): during exel
8.6 (IQR 7-20.0) versus 12.8 (IQR 160 T 0 [ kOQ0A, ¥itThe maximal effort 13.1 (IQR 12.2
16.7) versus 18.6 (IQR 169N ®H O [KYAYT t [ nodnamI | YR RdANG
versus 11.9 IQR16Mo ®M0 [ KYAYT t ¢ nodannnam® 2S5 y20iA0SI
oull LJdzi Y RdzNAYy3 G(KS SESNOA&S (Said oNIT ndcoz
RdAZNAYy 3 20aSNBFGAZ2Y +FFGESNI GKS SESNODAaAS GSad
output during exercise and during obsetieam was associated with high GDR, regardless of the age ¢
duration of diabetes [OR: 1.98 (95% Cl 01®pc 00X t I n®dnaH F-o/®N}hWwY tmc
respectively].

CONCLUSIOM nonobese subjects with type 1 diabetes, with good metabolitrol, insulin resistance

is associated with cardiac hemodynamic parameters assessed during and after exercise. The higt
insulin resistance the lower the cardiac output during maximal exercise in men with type 1 diabete
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Abstract:
In this report we describe a female Le@hain 3 HydroxyacylCoA Dehydrogenase Deficiency (LCHAL
patient who suffered from severe exercise intolerance. At24jethe patient becameregnant for the
first time. After anuneventful first 32 weeks of preghancy she developed diacisycardia (resting hear
rate 12@;134 bpm) and lactate ancreatinine kinase levels increased (3.3 mmol/L and 264 U/L,
respectively). Increasing MCT supplenagion (dose andrequency of administration) lowered heart
rate and improvediochemical parameters. At 34 weeks the heart rate rose agadéhit was decided to
deliver the child by caesarean secti®tastpartum both mother and child did welrior to pregnancy,
she performed exercise tests withfferent doses of medium chain triglycerides (MCT®dt@blish a
safe and effective exercise program (basetes, second test with 10 g MCTs and third test with 20 ¢
MCTSs). In the MCT supplemented tetsts maximal poweputput was 23% (second test) and 26% (thi
test) higherwhile cardiac output at maximal power output was the samall three tests (~15.8 L/min)
In conclusion, this is the first report of pregnancy inL&HADD patient, with favour@outcome for
both mother and child. Moreover, in the same patient, M&lipplementation improved cardiac
performance and metaboliparameters during high intensity exercise. Usingedance cardiography,
we got a clear indication that thizenefit was dudo improved muscle energy generationtagh
intensity exercise, since at the same cardiac outphigher power output could be generated.
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Abstract:
It is well established that patients with cystic fibrosis (CF) exhibit exercise intolerance; however, th
mechanisms have yet to be elucidated. We have documented vascular dysfunction at rest in patie
with CF and therefore, it is conceivable that the hemodynamic response is compromised during e»
in this patient population. Sildenafil is a phosphodégate type 5 inhibitor that promotes arterial
vasodilation resulting in enhanced blood flow.

Purpose:To explore the hemodynamic response during maximal exercise in patients with CF and
controls, and determine if a single dose of sildenafil improvesréisisonse in patients with CF.
Methods:I SY2RE&yYy I YAO @FNAIFofSa 6SNBE 02ttt SOGSR Ay
6Hc pH &SIFENB 2ftRO Fd o0lFaStAyS FyR (GKNRdzZAK2 dz
patients also performedhaximal exercise testing 1 hour following ingestion of a single dose of silde
0 pn YSLJ HdmBdynamic parameters were assessed using Physioflow Enduro and included
output (CO), left cardiac work index (LCWI), and systemic vascular mesi$&/R) among many others

Results:Cardiac output (p=0.048) and LCWI (p=0.015) were significantly lower at baseline in patiel
with CF compared to controls. A significant group by time interaction (F1,32 =9.497; p=0.004) for !
was observed. Specificf f @ 3 {+tw G oFaStAyS gLa aA3ayATFTAO
O2YLI NBR (G2 O2yuUNRfa&a omont B cn REYyDPAKOYpL®
from baseline to maximal exercise in patients comparedtoconts®®( 5 TH @a® bco
respectively). Following sildenafil, no difference (p=0.332) in the change in SVR from baseline to r
exercise was observed betweenSE{pPpnd K cp ReEyPaAkO®YP 5 [pWR R@A/
Additionally, baselin€0 (p=0.382) and LCWI (p=0.717) were similar betwe&iLCind controls.

Conclusion
These data indicate that patients with CF have compromised hemodynamic function at rest and ex
an exaggerated reduction in systemic vascular resistdoceg maximal exercise. In addition, a single
dose of sildenafil in CF appears to restore the systemic vascular resistance response to maximal €
Future studies are warranted to determine the contribution of the hemodynamic response to exerc
intolerance in this patient population.
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Abstract:
In EIC (Electrical Impedance Cardiographs) devices using Zo baseline impedance, large amount
thoracic fluid may interfere with the impedance signal, making haemodynamic data unattainable c
unreliable.52-54 Severe pulmonary oedema may decrease the sajfto-noise ratio, damp the dz/dt
waveform, and inhibit haemodynamic data acquisition.
The latest methods of EIC (PhysioFlow®) are baseline impedance independent and use mc
advanced forms of impedance waveform morphology analysis.48 New noninvasive inpedance
monitors are able to provide continuous trend monitoring of HR and SV giving derived CO ar
index parameters without the need for baseline impedance measurement. They use strol
waveform morphology analysis to determine SV and then calculate #itle derived parameters.
Preload assessment is essential in any patient who may be at a risk of hypoperfusion. Assessir
and management of preload catheter can be a challenge for clinicians. The insertion of a C
catheter may help decision making but islated measurements of CVP are not very informative. Th
trend of the CVP and in particular its response to a fluid challenge is far more valuable in planni
the therapy. In PA catheterisation, the PAOP indirectly measures LV edistolic pressure and is
related to LV enddiastolic volume, or preload.
However, many factors affect the extrapolation of the PAOP to LV preload, such as reduced
compliance, pulmonary hypertension or mechanical ventilation.
A simple manoeuvre using EIC to assess intravasculolume is to give a fluid challenge using the
patient's own circulating volume as the fluid bolus. By elevating the legs or placing the patient |
the "head clown" position, fluid moves from the lower extremities, increasing venous return. In i
normal heart, the SV will increase. Patients who are hypovolaemic may show a significant increa
in SV and would benefit from volume administration.
Patients with LV dysfunction or fluid overload may have minimal or no change in SV in response
a physiologic flud bolus. These individuals do not have adequate cardiac reserve and canr
tolerate additional fluid. These patients may require treatment with inotropes or agents that reduct
preload and afterload. Use of EIC to assess preload with a fluid affords vallelnformation
regarding the patient's ability to tolerate additional fluids. The latest methods of El use advance
waveform morphology analysis to determine a filling index (FI) for the heart. Where CV
measurements are available the information can be esl to supplement the Fl data. The trend of the
Fl is likely to be o more value than isolated measurements particularly for monitoring response t
interventions or planning therapy.

Conclusion:
Recent technological advances have allowed the developmesftnoninvasive methods of measuring
CO with continuous online measurement and trending of SV and HR. Derived parameters such as
SVI, CI, SVR, LCWI and EF can also be shown and recorded continuously. The new noninvasive
technology is safe, reliable and rettively inexpensive and is increasingly being used in clinical
practice and research. Completely noninvasive CO monitoring by modern EIC technology is suitak
for continuous on-line and trend monitoring of SV, HR and derived parameters; and
echocardiography, mainly TEE in the ICU, should be used for structural and functional evaluation c
the heart as well as confirmation of SV and EF.
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Introduction: Methods
Left ventricular We conducted a prospective, open study in an intensive care unit. Hee
insufficiency is a rate (Hr), stroke volume (SV) and cardiac index (Ci) measurement
common cause of were performed by PhysioFlowTM in ventilated adults ready for
ventilator weaning weaning. Patients with a Sa02>90% while breathing with a FiO2 of 40¢
failure. We evaluated or less, a PEEP<5cmH20, a hemoglobin level above 8g/dl and withc
the hemodynamic electrolyte disorders were included. Patients with inotropic drugs,

parameters during a
T-piece trial.

altered mental status or pregnant women were excluded. We assess
the cardiac function during mechanical ventilation (MV) and during a 1
-piece trial of 30 minutes (SV). If a patient had any signs of poc
tolerance during the trial the mechanicalventilation was reinstituted.
#1 1 PAOEOI T 1T &£ AT 1 OET O1 60 OA GBI
value under 0.05 was considered as significant. Results are expressed
mean +/- standard error.

Results:

7 patients were included and 1Qtrials were executed. The rate
of success was 70%. Three patients failed the trial (two met th
criteria of a respiratory distress (respiratory frequency greater
than 30/min) and one altered his Glasgow score. For th
patients with a respiratory distress the Hr (108 +/- 11 bpm vs
108+/- 15 bpm), Sv (73 +£ 10 ml vs 89 +/- 16 ml) and Ci (4.5
+/- 1.5 I/min.m2 vs 5.6 +/- 2.1 I/min.m2 ) were unchanged
during SV compared with MV. For the other patients H
increased from 85 +/~ 21 bpm to 90 +/- 19 bpm (p<0.05), Sv
dropped from 80 +/- 10 ml to 72 +/- 14 ml (p<0.05) and Ci was
unchanged with 3.5 +£ 0.7 vs 3.3 +£ 0.6 I/min.m2.

Conclusion

We showed that the
hemodynamic consequences o
a spontaneous breathing trial
was a decrease of Sv for th
patients without signs of
respiratory distress. Thoracic
bioimpedance could be a gooc
tool for the hemodynamic
assessment during ventilator
weaning.
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Abstractaim: Methods:
To compare invasive pulmonary artery We compared PAC data with noninvasive monitored
catheter (PAC) data with continuous  cardiac function by cardiac output (Cl), mean arterial

noninvasive haemodynamic blood pressure (MAP), and heart rate (HR)espiratory
monitoring using a program to predict function by arterial oxygen saturation (SapO2); tissue
outcome and guide therapybeginning perfusion/oxygenation by transcutaneous tensions of
shortly after emergency department CO2 and O2 indexed to FIO2. A search and displ
(ED) admission in a universityrun program calculated survival probabilities (SP) and &
inner city public hospital. decision support program predicted effects of various
therapies
Results:
300OEOI 008 -10h #)h 3AP/ch AT A 00A/ chT&) /¢
TT1TOO0OOEOTI OO OAI OAOG ET AAAE AEACI T OOEA AAOQ/

Conclusion
Compared with the PAC, noninvasive monitoring is safesimpler, easier, quicker, cheaper,
reasonably accurate, and available anywhere in the hospital or prehospital areas. Increased Cl an
tissue oxygenation determined by the distribution of metarteriolar flow are underlying
haemodynamic patterns associated vth survival.
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AbstractBackground:
Several weaning parametershave been
broadly used for prediction the probability
of weaning. Spontaneous breath trial does
too. However, there still some patients (pts)
well tolerate T-piece for 2hrs, but fail to
wean from mechanical ventilation (MV).
Hemodynamic conditions have ben though

2.3 Intensive Care

Methods:
A prospective study in medical ICU in patients
(pts) meeting the criteria for weaning was
analyzed the hemodynamic parameters, including
ejection fraction (EF), stroke volume (SV), heart
rate (HR), cardiac out (CO) and cardiac index (C
during 2hr-spontaneous breath trial. Nineteen pts
were included between Oct 2004 and Jan 2006, i

one of the reasons of weaning failure. D Mackay Memorial Hospital, Taiwan. All the
they really affect the result of weaning? hemodynamic data were collected by Phys flow.

Results:

Ten pts succeeded to wean, and nine pts failed. In succe
group, the CI (I/min/m2), CO (I/min), SV (ml), and HR (bpm)
presented fine fluctuation. In failure group, Cl (I/min/m2),

CO (I/min), SV (ml), and HR (bpm)increased persistently
during spontaneous breath trial. All pts did not show oxyger
desaturation. (The initial and last CI (I/min/m2) during 2

hr-spontaneous breath were 3.75 and 3.69; CO (I/min) 4.9
and 4.91; SV (ml) 54.53 and 54.01; HR (bpm) 91.99 ar
93.05 in success group. In failurgroup, the initial and last
Cl (I/min/m2) during 2 hr -spontaneous breath were 3.82
and 4.66; CO (I/min) 6.36 and 7.79; SV (ml) 63.50 and 69.3.
HR (bpm)100.55 and 109.93.) The trends of hemodynami
parameters have been sbwn in figures.

Conclusion

1. Increasing oxygen demanc
during weaning from MV will be
compensated by cardiac
performance. However, persistent
increasing cardiac work may
result in failure of weaning.

2. Monitoring the hemodynamic
parameters during spontaneous
breath trial may be a tool to avoid
unnecessary muscle fatigue
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Objectives:
To determine whether cardiohaemodynamic parameters, using nemvasive thoracic electrical
bioimpedance (TEB), can differentiate between cardiac and necardiac causes of acute
breathlessnessn adult emergency department (ED) patients.

Methods:
A prospective cohort study of adult patients who presented with acute breathlessness to the ED o
large urban teaching hospital. Study patients had their cardiohaemodynamic parameters measure
OOET ¢ A 4% AAOEAA8 4EA DAOEAT 060 EIT OPEOAI
to determine whether the underlying cause of acute dyspnoea was cardiac or noardiac related.

The definitive diagnosis was compared with the TEB data ar@ E A

Results:

52 patients were recruited into the study, of whom 51
had complete TEB data and were included in the analysi
There were statistically significant differences in cardiac
output (6.2 vs 7.9, p<0.001)cardiac index (Cl; 3.1 vs 4.4
p<0.001), systemic vascular resistance (1227 vs 93
p=0.002) and systemic vascular resistance index (2403 v
1681, p<0.001) between the cardiac and nowardiac
cohort. Cl was found to be an excellent discriminato
(receiver operating characteristics area under the curve
0.906). The optimal diagnostic criterion for CI to
distinguish between cardiac and norcardiac dyspnoea
was 3.2l/min per square metre or less (positive
likelihood ratio 7.9; negative likelihood ratio 0.14).

%$ DEUOEAEAT G

Conclusion
This study demonstrated that non
invasive TEB cardiohaemodynamic
parameters can differentiate between
cardiac and noncardiac-related
causes of dyspnoea in ED patients
presenting with acute breathlessness.
A large-scale trial is required to
determine if TEB-derived
cardiohaemodynamic information
can aid ED clinicians in their early
clinical decisionrmaking and improve
the care and outcome of patients with
dyspnoea.
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AbstractBackground:
Maintaining normal blood pressure in pregnant patients is important
for normal placental blood
flow and to avoid undesirable symptomatic adverse effects such ¢
nausea and vomiting. Despite ourpractice to maintain normal
AAGAT ETA AITT A DPOAOOOOA -adodisE
hypotension remains the most common complication during
Cesarean delivery under spinal anesthesia. A decrease in cardi
output as a result of decreased preload, and aedrease in systemic
vascular resistance from spinainduced sympathetic blockade are
two mechanisms postulated to be responsible for the hypotension ii
this patient population. Other drugs used intraoperatively, such as
oxytocin, may further compromise paient hemodynamics. Normal
cardiovascular
functions, including cardiac output, stroke volume, heart rate, anc
systemic vascular resistance, are known to maintain blood pressur¢
We propose that a continuous monitoring of these cardiovascula
functions (ie. hemodynamics) may provide insights into the
mechanism(s) of hypotension during a Cesarean delivery unde
spinal anesthesia.

Methods:
7EOE )1 OOEOOOEI T Al 2A0AAOAE

%OEEAO

Department of Anesthesia and Pain Management, Mount Sin
Hospital, University of Toronto, 600 University
Avenue, Room 781, Toronto, Qario, Canada, M5G 1X5

Objectives:
In the present pilot study,
we aim to (1) measure
several  cardiovascular
hemodynamics

continuously during
elective Cesarean
delivery under spinal
anesthesia using
noninvasive thoracic

impedance cardiography,
and (2) to determine
whether these
cardiovascular
hemodynamics may be
responsible for changes
in bloodpressure.

"1 AOA AD

patients undergoing elective Cesarean delivery under spinal anesthesia were observed in
prospective, nonrandomized, norblinded observational crosssectional pilot study. The Physioflow
Impedance Device (VasoCom Inc, Philadephia) was used to measure the cardiac index (Cl), syst
vascular resistance (SVRI), stroke volume (SV), systolic blood pressure (SBP) and heart rate (+
Baseline hemodynamics were masured before the spinal anesthesia. All patients were in a le
lateral position with a wedge and standard anesthesia monitors were applied. Spinal anesthesia w
then performed with 12.5 mg of 0.75% hyperbaric bupivacaine, 10 mcg fentanyl and 100 mq
morphine via a 27G Whittacre needle. Thereafter, hemodynamics were monitored every minu
until completion of the surgical procedure. All patients were preloaded with 1000 ml of Lactatel
2ET GAOOS OI 1 OOET T DOET O O1 OEAIleghin®d dées bf 106200E
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mcg bolus was the preferred treatment of hypotension with the aim to preserve systolic bloo
pressure at 100% of baseline. Repeated measures analysis of variance (ANOVA) was use
compare any differences from baseline contral, with p value < 0.05 to be statistically significant.

Results:
We were successful in  measuring
continuously  several cardiovascular

functions in all 10 patients until

the completion of the Cesarean delivery
We observed the greatestchange of the
cardiovascular hemodynamics before anc
after delivery. Table 1 showed that the
SBP before (98.3} 7.0) and after (98.3 <}
5.7) were significantly decreased by 25%
when compared to baseline control (133
e} 5.6). In addition, all measured
cardiovascular functions (Cl, HR, SV, SVF
were also significantly decreased before
and after delivery.

Conclusion
Despite a preventive approach using phenylephrine
to maintain baseline blood pressure, significant
hypotension still occurs during Cesarean delivery
under spinal anesthesia.. Our results suggest that
significant decrease in several cardiovascular
functions (Cl, HR, SV, and SVRI) may be responsibl
for the occurrence of hypotension. In addition,
thoracic impedance cardiography with the
Physioflow Impedancedevice provides a reliable
noninvasive monitoring of the cardiovascular
hemodynamics. Thus, continuous monitoring of
cardiovascular functions with noninvasive
impedance may provide insights into the
mechanisms of hypotension.
This may lead to preemptive teatments before
significant hypotension occurs and to avoid
undesirable
symptomatic effects. A larger study is further
required to confirm these preliminary findings.

Table 1. Cardiovascular Hemodynamics Before and After Delivery”

Hemodynamics Bascline Delivery
Parameters’ Control Before" After
SBP 13336 08.3=7.04 08.3= 57
CI 46=0.32 29=0.16 35=031
HR 03,330 63.1=1.6 T24=3.6
SV 04.3=548 79.7=43 834=57
SVEI 1823.2= 206.7 1336.5= 165.5 1224.2=171.5

A1l data are presented as mean = S.E of n = 10 patients. .

YSBP: systolic blood pressure (mmHg). CT: cardiae mdex (L'nun'm”). HR: heart rate (bpm). SV: stroke volums
(ml'bear), SVRI: systemic vaseular resistance index (dyne / s/em’ m*).

All results before and after delivery were significant p < 0.05. when compared to control baseline

References:
Tihtonen, K et al. BJOG 2006; 113, 657
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Background:
Rapid intravenous injection of oxytocin is associated withmarked
hypotension secondary to decreased venous return. Reductions in do:
and rate of bolus administration have reduced the incidence c

b:Division of Maternal and Child Health, Ninewells Hospital & Medical

c:Academic Department of Obstetrics & Gynaecology, Coombe Womens ¢
Infants University Hospital & Trinity College, University of Dublin, Ireland

Keywords:
«Maternal
haemodynamics
wCaesarean section

cardiovascular side effects, but no study has yet investigate
cardiovascular stability when oxytocin is infused forseveral hours
after delivery. This study compared maternal haemodynamics during
4-h 30-unit oxytocin infusion and during a placebo infusion following
caesarean section.

wOxytocin
uBioimpedance

Methods:
Women booked for elective caesarean section were randomised to receive either oxytocirusit
bolus and placeboinfusion or oxytocin 5-unit bolus and oxytocin 3Gunit infusion. Before, during
and for 4 h after surgery electrocardiogram, oxygen saturation, systolic and diastolic pressure ai
heart rate were monitored norrinvasively and cardiac index (Cl), left ventgular work index (LVWi)
and systemic vascular resistance index (SVRI) by thoracic bioimpedance.

Results: Conclusion:
A total of 74 women agreed to haemodynamic measurements. Hee ~ An additional oxytocin
rate, systolic and diastolic pressure, Cl, LCWi and SVRi all f infusion at elective

caesarean sectiao did not
adversely affect maternal
haemodynamics  either
during or after surgery.

following the onset of spinal anaesthesia, and, with the exception «
SVRI, continued to decrease throughout surgery. After delivery of th
baby, slow injection of oxytocin 5 units was associated with
temporary rise in Cl, LCWi and heart rate, a decreage SVRi and no
change in systolic or diastolic pressure. Thereafter, haemodynam
measures returned to normal over 60 min with no adverse effect:
apparent from the additional oxytocin infusion.
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Introduction :

Les evenements cardiovasculaires indésirables péri opératoires (ECVI) sont associés a une morbidit
accrue a long terme (Anesthesiology 1996, 84772-81)., A AOO AA AAOOA i OOA!}
les parametres de cardiempédancemetrie mesurés en popératoire les facteurs predictifs de
OOOOAT OA Ad%w#6) 8

Matériel & Méthodes :

I DOT O AOEO Ad01T AITiI EOiT Adi OEENOA AO OAAOAEI
cardio-impédancemétrie (Physioflow®) a été réalisée en préopératoire che@7 patients devant subir
une anesthésie générale pour chirurgie abdominale ou vasculaire entre octobre et décembre 20
OAT AAT O 16ET OAOOGAT OET1 AO bBI OO0 AEANOA DAOE!/
ATTTAEOOAT O PAO 1 A0 BAOAI OOBAOC PHOI E bR IOALIT £ Alh
(hypotension, hypertension, bradycardie, tachycardie, modification ST). La fréquence des ECVI a
TTO0i A AO AAO AT i PAOAEOIT O 110 AT OOEOA i Oi A,
paramétres mesurés en préopératoire. Une ANOVA ou un test de Kruskdhllis ont été utilisés selon
181 CAT EOi AA OAOCEATAA 10 1118
Résultats:

, AO AAOAAOi OEOOEN OA:Ggeimbyer 65,8 dng dek 1@t | M/Fi 2]5, séoe Ae=GhIdn
10 points, coronariensd, ¢ ¢ P h: 13 98. Unelhypatension a été notée chez 48 % des patients, L
(4! jpm bpgh O A AOAAUAAOAEA jpc pPQs 51 A AOGOT.
hypotension et les parameétres suivants Fc (p=0,02), VES §0,05), RPD (indice de remplissage prott
AEAOOI 1 ENOA j PEnmhmptqgs , A OOOOAT OA A5OT A EUD
de contractilité) (NS4, PEmhnueds8 )1 1T16ABGEOOAEO PAO ABAOC
paramétres suivants: index cardiaque, PAS, résistances indexées, TEV, IFT (eau intra thoracique).

Discussion:
"EAI NO8dOT A AT 1T &£ OAT AA ET OAOT AGET T AT A POI
cardiovasculaire péri opératoire (J Am Coll Cardiol 2002, 39542-v c Qh | 8 APDPOi AEA
OAOOA AEAEZEAEI A U APPOi AEAOh ATTO1Ti 1 AOGAOO AA

cardio-impédancemétrie est une technique de mesure non invasive du débit cardiaque facile
effectuer en préopératare. Les renseignements fournis et en particulier les indices de remplissac
bi OOOAEAT O 8O00OA O1T A AEAA U 1T A Ai AEOGEI1T ABEI
intermédiaire.
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Introduction:
The ElectricatMechanical Interval is the time between a specific event on ECG, and i
corresponding mechanical event in a peripheral artery. Let E be the instant when the ECG volta
ECG(t) accelerates maximally upward. E, then, is the time of ECG"(t)max. Let M be the instant w
the arterial pressure, ABP(t) accelerates maximally upward. M, then, is the time of ABP"(t)ma
ECG"(t) and ABP"(t) are second time derivatives. The time from E to M,-{), is the 'Electrical
Mechanical Interval.'" This interval is related to the ratio of the tfoke Volume SV and Left
Ventricular Systolic Ejection Interval El by
- In(SV/El)= A+B* (1/(E-M)) eq. 1
where A and B are empirical constants.

We have previously shown that In(SV/EI) is linearly proportional to In(dP/dtmax) where P is Left
Ventricular Pressure. Hence,
- In(dP/dtmax)= C +D*(1/(E-M)) eq. 2

where C and D are empirical constants. So 1/{H) is also an index of dP/dtmax, or myocardial
contractility. The purpose of this study was to demonstrate feasibility of a new method for the ner
invasive measurement of myocardial contractility, stroke volume, and cardiac output.

Methods:
After IRB approval a Physioflow® transthoracic impedance monitor (Manatec Inc.) was used t
measure SV and El, in 6 human volunteers. Physioflow® provides an El@&d Il output. A Fline®
(Tensys Medical Inc.) was applied over the radial artery. This provided neinvasive ABP(t). (EM)
intervals for each heartbeat were calculated using second derivative maxima of ECG and A
Subjects were exercised on a stepping achine (Nautilus Inc.) to 80% of maximal heart rate. Dat:
were collected as the heart rate declined from maximum to baseline.

Results: Conclusion
Corresponding 30second epochs of Because the Tline and EG are noninvasive, it is
In(SV/El) and 1/(E-M) data were possible, using a device such as Physioflow, to calibra
averaged. We plotted corresponding  eq. 1 and determine SV/EI from 1/(EM). Since EIl can be
In(SV/IEI) against 1/(E-M). A measured nonrinvasively using Doppler, or impedance
calibration curve is shown in fig. 1. measurements, we can determine bedby-beat SV, and
The scaling parameters A and B in ec  Stroke Volume Variability (SVV). SVV can be used |
1 derived from linear regression of assess preload in patients having positivpressure
the plotted data were shown to be  ventilation. Cardiac Output is easily obtained from
reproducible with repeated exercise SV/EI*EI/T where T is the period of the cardiac cycle
sessions.[figurel] These results demonstrate feasibility of a novel non
invasive cardiac monitoring technology

Anesthesiology 2008; 109 A1493
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Natural Log of Average Left Ventricular Systolic Volume Outflow Rate

65- SVIEI vs. 1/Electrical Mechanical Interval, 1/(E-M)
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Abstract:

Hemodynamicmonitoring and optimizing cardiac output during surgery improves patient outcome
[1]. The clinical standard for cardiac output (CO) determination has been thermodilution whict
requires a pulmonary artery catheter, an invasive procedure with the possibilityof numerous
complications. Central venous oxygen saturation (ScvO2) has been used as a surrogate for
monitoring but requires the insertion of a central venous catheter. The risks associated with suc
catheters have led to advent of the less invasivedIrac/Vigileo system which estimates CO base
on pulse contour analysis from an arterial line. Several new totally nemvasive systems claim
ability to accurately display continuous cardiac output values. One such system is the PhysioFl
which determines CO and other parameters based on signal morphology impedance cardiograpl
The instant changes in thoracic blood volume (a reflection of the stroke volume) cause changes
impedance between the 4 electrodes placed on the neck and thorax. On the basihe$e changes in
impedance, the compter calculates cardiac output.

The aim of our study was to compare the CO values obtained using Vigileo/FloTrac system with
those obtained with the PhysioFlow and correlate both to ScvQfBeasurements during major intra
abdominal surgery.

Methods:

With IRB approval patients scheduled for major intraabdominal surgery had simultaneous CC
measured using pulse contour analysis by the Vigileo system and PhysioFlow. In addition to cent
BP, ScvO#fvas also monitoredduring the procedure. Data were combined from the PhysioFlow
Vigileo, ScvOand arterial line on a minute by minute basis. Pearson correlation coefficients wer
calculated between systolic BP and CO by PhysioFlow and Vigileo as well as ScvO2. Duringdse
of electro- cautery, data from the PhysioFlow was not analyzed secondary to interference. Patier
were managed aggressively with vasopressors and fluid administration.

Results: Conclusion:
CO data from the two devices were plotted over time (se Cardiac outpu values obtained with
Figure 1). Plots of systolic BP and Scv@&re overlaid the Vigileo with the 3rd generation
with the same times in the Xaxis (see Figure 1).There  software is more variable and
was virtually no correlation between the Vigileo and appears to mirror changes seen ir
PhysioFlow systems (N=239, rZ -0.002, p=0.981). The  systolic BP. In contrast, CO value
Vigileo CO values trended well with sstolic BP (N=191, obtained by PhysioFlow are less
r2 = 0.730, p<0.001) compared to the PhysioFlov variable, and trends better with

(N=178, r2= 0.081, p=0.280). The PhysioFlow cardia  ScvO2. The 3rebeneration
output values trended better with ScvOZIN=224, r2= FloTrac/Vigileo  device  appears
0.726, p<0.001) compared to the Vigileo (N=252, r2 unreliable for tracking changes in CC
0.314, p<0.001). during major abdominal surgery.
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Abstract:
Drinkard BE, Keyser RE, Paul SM, Arena R, Plehn JF, Yanovski JA, C
Prospero NA. Exercise capacity and idebenone intervention in childrer
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 Gnonths of
idebenone treatment on exercise

capacity.

Participants:
Ambulatory subjects (N=48; age range,4.7y) with

genetically confirmed FA.

Main Outcome Measures
Peak oxygen consumption pet
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.

Keywords:

uExercise

wFriedreich Ataxia
widebenone [substance
name],

uRehabilitation

Design:
Exploratory endpoint in a
randomized doubleblind, placebo
controlled, 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.

Intervention:
Idebenone administered orally 3
times a day for a total daily dose of
approximately 5, 15, and45mg/kg or
matching placebo for 6 months.

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 guaniradenine-
adenine allele length ad neurologic function. Relative left
ventricular wall thickness was increased but left ventricular
ejection fraction was normal in most subjects; there was nc
relationship between any exercise and echocardiographir
measures. There were no significant chajes in mean peak
VO2or WR after idebenone treatment at any dose level relative
to placebo.

Conclusion:

Exercise capacity in children and adolescents with FA was significantly impaired. The basis for the
impairment appears to be multifactorial andcorrelated 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.
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Abstract :

While hemodynamic and fluid balance changes have been fairly well studied during immersion, tl
corresponding changes postmmersion are almosttotally ignored. Ten trained divers (33 ++ 5 years)
underwent two similar 6 hours hyperbaric hyperoxic exposures with intermittent cycling exercise, one
day in dry ambience (DY) and three weeks later immersed up to the neck (IM). They had no food
beverage intake during either session. Whole body weight was assessed and venous blood sam|
were taken before and 15 min after each exposure session. Venous occlusion of the thighs
performed at 30, 40, 50, 60 mmHg during segmental weighing before anftex each session. Segmente
weighing performed with our original device allows measuring rapid changes in weight of lower limbs
abdomenpelvis, and thorax related fluid shifts in the body. The data collected during thes
manoeuvres provided information @out venous tone in the legs through distensibility and compliance
assessments, and about arterial flow in the leg and splanchnic vessels. During segmental weigh
stroke volume (SV), cardiac output (CO) and heart rate (HR) were recorded using a Physiof®

impedance cardiography device. As described in a companion paper, on average, the final we
losses were similar in the two ambiences (2.2 kg in DY vs 2.3 kg in IM), whereas plasma contract
was greater in the IM session -(14.7% vs 729.7% in DY; p9.001) as evidenced by changes. |
hematocrite, blood haemoglobin and plasma proteins. Plasma levels of noradrenaline (NA), arginir
vasopressin (APV) were increased 20 min after each session versus fmeposure, a change 3 time:
higher after IM than DY (p0.01). Inversely, atrial and brain natriuretic peptides (ANP and BNP) a
well as cyclic guanosine monophosphate (cGMP) remained increased 20 min post IM (p<0.05). He
rate was decreased after DY-{ min-1; p<0.05) but slightly increased after IM (+3 minl ; p<0.05).
Conversely, stroke volume was more reduced after IM than DYO(mL vsz4 mL respectively; p<0.05).
Venous compliance and distensibility of the legs were reduced after DY (p<0.05) but preserved aft
IM. Indexes of arterial flow in both the lg and splanchnic vascular bed were reduced following D
Thus on the other hand, after DY the increase in plasma vasoconstrictive mediators (NA, APV) lik
supported the increased venous and arterial vasomotor tone required to preserve cardiac output ar
blood pressure, in turn slightly lowering heart rate through baroreflex activation. On the other hanc
the paradoxical coexistence of markedly increased levels of NA and APV 30 min post IM together w»
unchanged vasomotor tone 1) was consistent with thdecreased SV and CO but slightly increased Hl
2) was likely explained by the persistence of high level of natriuretic peptides within the first hou
post-immersion.
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Abstract :

The purpose of the present study was to assess the atibnship between the rapidity of increased
oxygen uptake (VO2) and increased cardiac output (CO) during heavy exercise. Six subjects perforr
repeated bouts on a cycle ergometer above the ventilatory threshold (~80% of peak VOZ2) separat
by 10-min recovery cycling at 35% peak VO2. VO2 was determined breally-breath and CO was
determined continuously by impedance cardiography (PhysioFlow, Paris, France). CO and VO2 val
were significantly higher during the 2min period preceding the second bout. Theverall responses for
VO2 and CO were significantly related, and were faster during the second bout. Prior heavy exerc
resulted in a significant increase in the amplitude of the fast component of VO2, with no change in t
time constant, and a decreasm the slow component. Under these circumstances, the amplitude of the
fast component was more sensitive to prior heavy exercise than was the associated time constant.
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Abstract:
Effect of Exercise Intensity on Relationship between
VO2max and Cardiac Output

Pumpose:
The purpose of this study was to determine whether the
maximal oxygen uptake (V@ha) is attained with the same
central and peripheral factors according to the exercise
intensity.

Methods:

Keywords:

uStroke volume
tArterial-venous difference
uCycling

uHypoxemia

Nine well-trained males performed anincremental exercise test on a cycle ergometer to determin
the maximal power associated with V@hax (PVOmax) and maximal cardiac output (Qax). Two days
1 AOGAOh OEAU DPAOAEI Oi AA Ox1 AT 1 OET 061 66 AUAI EIT

s) and at an intermediate work rate between the lactate threshold and pV@uxj O1 ET 3 v mm |
s = 3 min 5 s). Heart rate and stroke volume (SV) were measured (by impedance) continuou:
during all tests. Cardiac output (Q) and arteriakenous Q difference (a-vO; diff) were calculated

using standard equations.

Results:

Repeated measures ANOVA indicated that: 1) maximal hec
rate, VE, blood lactate, and VMQ(VO:max) Were not different

AAOxAAT OEA OEOAA AgAOAE dnln

the incremental test (24.4 + 3.6 L-mirt vs 28.4 + 4.1 L-mirt; P

< 0.05) due to a lower SV (143 = 27 mL-beatvs 179 + 34
mL-beat!; P < 0.05), and 2) maximal values of-a0; diff were

not significantly different between all the exercise protocols but
OAAGAAA 1 AOGAO ET Ol Eizum Al
4min29svs3min 6 s+ 1 min 3 &= 0.05). This reduction in
a-vQO, diff was correlated with the arterial oxygendesaturation

(SaQ=pu8c M 08 wb(-004P=MI0B.Ii v

Conclusion:

VOmax Was not attained with

the same central and peripheral
factors in exhaustive exercises
AT A Ol Ei avnn AE
maximal Q. This might be taker
into account if the training aim
is to enhance the central factors
of VQmax USing exercise
intensities eliciting VOumax but

not necessarily Quax.
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$i PAOOATI AT O 34103h 5&2 AAABHEGATI RADhL B1d@ABOG0T # AB KDDL

Abstract:

Our objectives were firstly, to study the patterns of the cardiac
output (Q and the arteriovenous oxygen difference [(a)02]

responses to oxygen uptake (VO2) during constant workloar
exercise (CWE ) performed above the respiraton
compensation point (RCP), and secondly, to establish tr
relationships between their kinetics andthe time to exhaustion.
Nine subjects performed two tests: a maximal incrementa
exercise test (IET) to determine the maximal VO2 (VO2peak
ATA A #7% OAOO O AQGEAOOOEII
power between RCP and VO2 peak). During CWE, VO2 v
measured breathby-breath? Q was measured beaty-beat

with and impedance device, and blood lactate (LA) wa
sampled each minute. To calculate {a-)O2, the values of VO:
and Q were synchronised over 10 intervals. A fitting method
was used to describe th&/O2,Qand (av)O2 kinetics. The (av)

02 difference followed a rapid monoexponential function,
whereas both VO2 andQ were best fitted by a single
Aopi 1 AT OEAI DI 6O 1ETAAO ETAC
fenOY xAO dEl HIicAO xGEdveadsigificantly
higher [89(34)s, P<0.05] (values expressed as the mean an
standard error). LA started to increase after 2 min CWE thel
increased rapidly, reaching a similar maximal value as that see
during the IET. During CWE, the rapid componendf VO2
uptake was determined by a rapid and maximal @)O2

extraction coupled with a two-fold longer Qincrease. It is likely
that lactic acidosis markedly increased oxygen availability
which when associated with the slow linear increase of may
accourt for the VO2 slow component. Time to exhaustion wa
larger in individuals with shorter time delay for (a-v)O2 and
COAAOAD z A& O

Keywords:

wDxygen slow component,
wCardiac Output,

wArteriovenous oxygen difference.
wIime to exhaustion
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Méthodes:
, AA TAOOOA AO 1 U 106AEAEI 00 PAO EI DPi AAT AAT 7 O
moderne (PhysioFlowz Manatec) offre de solides perspectives par rapport aux autresiéthodes
non invasives (CQ OAAOAAOEEI Ch 17 AET AAOAEI COAPEEAN
AT T PAOAEOTT AOAA T A 17V OETAA ET OAOGEOA AA &EA
i DOAOOA U DPOEOOAT AA AT 1 OOAT OAEIfAdY fAOGr T1AIGOQA ¢
OUOOi i ACENOCAT AT O AAT O 110 %w#2-8 ,A OAOEAOE

Ad1T AOGATEO 1 AUAT A PAO AUAI A AO AA 10 T A 6 %3
de la VQ aboutit a une détermnation quasi continue de la da v @grace au calcul du rapport VaQ.

Résultats:
/! DOEOOAT AA AT 1T OOAT OA 1 & chafges @roigsdantdd on ObliegdiOun:
détermination directe et quasi continue des ajustements centraux (VES) et périphériques (da ¥)C
.1 00 AOGITO T AGAOOGI AET OE AEAU 1 A0 PAOGEAT OO
EOONOGAOD DAWERAOZORAO I 6A&EA 008 ! OAOT A AEI]
18AEEI OO TA DPAOO PI OO 500A AAOOAIT T Al AdsGaledrgt
mesurées sont souvent trés différentes chez les malades désadaptés que celles communén
admises chez les sujets sains, sédentaires ou sportifs.
2/, 61 DPOAOOA OAdubddrs dekeé tEsDdui consiste a soutenir & 90% de laMBax du
sujet nous pouvons suivre grace aRhysioFlow la cinétiqgue des grandeurs, Q, FC, VES ety Mia v
O, et determiner notamment la constante de tempst( tot) de chaque monoexponensielle gui le:
Ai AOEO8 #EAU AAO OOEAOO OAET O 1A Ai1 OOEAOOE
AEANOGA 111 AT O 1 & Agedéud heprdsen@e ghabhiquedent@ én % de leur valeur
i Agei A1 A8 51T A OAI T A AppOi AEA AUl Al ENOA AAO
tant au plan explicatif que prédictif: ainsi KOIKE et al ont montré la relation entre les constantes ¢
temps de VQ et de Q mesuréed | OO efford @T 1T OOAT O AO 1 A0 OAI AC
ventriculaire gauche mesuréesu repos.

Conclusion:
, 01 OECET A AA O1 O0A AUODI i A ; Maskhese @QiagiedptEdomiAed
le dysfonctionnement myocardique et ses conséquences la sédentarité, et donc le
déconditionnement physique. La mesure continue du débit cardiaque par impédancemétr
(PhysioFlowdh AOOT AET A AO@ AlT1Ti A0 AA 161 DOAOOA
AAAOAGOO AéAEb@O@AmGON@@A®EOE||o AAT O 167 NO,
évaluation «intégrative » grace a une mesure continue et «on invasive» du débit cardiaque

devrait ouvrir vers une meilleure compréhension des €yspnées».
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AbstractPurpose:
Despite identical oxygen uptake (VO2), enhanced heart rate (HF
and cardiac output ([Latin capital letter Q with dot above])
responses have been reported in eccentric(ECC) versus
concentric (CON) cycle exercise. The aim of this study was
describe the specific circulatory adjustments (HR and stroke
volume (SV)) to incremental ECC cycle exercise in order to: :
determine the HR values leading to identical VO2 in ECE8daCON
cycling; and 2) estimate the interindividual variability of this HR
correspondence between the two exercise modes, with emphas
upon rehabilitation and training purposes.

Results:

Methods:

Eight healthy male subjects
(age, 28 +- 2 yr) participated
in this study. They performed
CON and ECC cycl
incremental exercises (power
output increases of 50 W
every 3 min). Breathby-
breath gas exchange analysi:
and beatby-beat thoracic
impedancemetry were used
to determine VO2 and Qc
respectively.

At the samemetabolic power VO2 of 1.08 +/ 0.05 L[middle dot]min-1 in CON vs 1.04 +/0.06

Lmin-1 in ECC), SV was not different, but HR was 17% higher in ECC (P < 0.01), leading to a
enhanced Qc (P < 0.01). Qc and HR net adjustments (exercise minus resting valire&€CC versus
CON muscle involvement demonstrated important interindividual variability with coefficients of
variation amounting to 32% and 30%, respectively

Conclusion:
In practice, if a given level of VO2 is to be reached, ECC HR has to be seeahevCON one. Taking
into account the interindividual variability of the circulatory adjustments in ECC versus CON muscl
involvement, a precise HR correspondence can be established individually from the VO2/HR
relationship obtained using ECC incrementdksting, allowing prescription of accurate target HR for
rehabilitation or training purposes.

(C)2004 The American College of Sports Medicine
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Abstract:

The purpose of this study was to examine whether the heai
rate (HR) deflection point (HRDP) in the HRbower relationship

is concomitant with the maximal stroke volume (SWax) value

achievement in endurancetrained subjects. Twentytwo

international male cyclists (30.3 + 7.3 yr, 179.7 + 7.2 cm, 7143
5.5 kg) undertook a graded cycling exercise (50 W eveB/min)

in the upright position. Thoracic impedance was usedto

measure continuously the HR and stroke volume (SV) value
The HRDP was estimated by the thirdrder curvilinear

regression method. As a result, 72.7% of the subjects (HRD
group, n = 16) presented a break point in their HRwork rate

curve at 89.9+ 2.8% of their maximal HR value. The SV valt
increased until 78.0 £ 9.3% of the power associated with
maximal O, uptake (VO may in the HRDP group, whereast

increased until 94.4 + 8.6% of the power associatedith 1O,

max iN SiX other subjects (neHRDPgroup, P = 0.004). Neither
SVhax (Ml/beat or ml-beatzt-mz2) nor 1O, max (MI/min or ml-kg z

1.minzt) were different between both groups. However, S\
significantly decreased before exhaustion in the HRDP grou
(153 £44 vs. 144+ 40 mi/beat, P = 0.005). In the HRDP group
62% of the variance in the power associated with the QW

could also be predicted by the power output at which HRDF
appeared.In conclusion, in welttrained subjects, the power
associatedwith the SVinax-HRDP réationship supposed that the
HR deflection coincided with the optimal cardiac work for
which SVihaxWasattained.

3: Sport Medicine Center of the Caisse Centrale d'Activités Sociales, Paris,

Keywords:

oPhysical work curve break
point,

obeft ventricular ejection
fraction,

uCycling graded test
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Abstract:

Muscular reinforcement is a type of training that is
often used in physical rehabilitation. The acute
impact of such training on cardiac training is not well
known. It seems important to understand this
hemodynamic response better inorder to apply this

technique to numerous different patient populations,
including cardiac patients. The aim of this study is tc
follow the evolution of cardiac parameters (heart
rate (HR), blood pressure (SBP and DBP), cardi
output (Qc), stroke volume GV), and derivative
parameters (rate pressure product RPP, anc
peripheral systemic resistance PSR) in a continuou
and non invasive manner during a classical resistive
training.

Results:

3. Research
3.1 Physiology

CUBULB Erasme HospitalBrusselsBelgium.

Methods
23 healthy subjects (average age: 2
years) realised 3 series of 10 knee
flexion-extensions on a quadriceps chai
(Technogym). The imposed load was 7:
% of maximal voluntary contraction
(MVC). The work rhythm was of 1 seconc
for a complete extension and 1 second t
return to the flexed position. The
recovery period was fixed at 1 nnute
between series. The blood pressure wa
continuously measured with the
O&ET ADPOAOGG8 1A AT A
i AAOOOAA xE@EIAAS6 OO0FE

We observe an 8 to 384 increase of Qc during the exercise. The Qc decreases during the period:
rest but never reaches the starting values within the imposed 1 minute of rest time. This increase
Qc is essentially due to an increase of the HR (+ 45, 19 anddduring the first, second and third
OAOEAOQ8 4EA 36 DOAARDE Akheld

compared to what is described in the literature for an equivalent dynamic effort (7% of VO2 max /
75 %CMYV). The DP follows an evolution préously described in the literature.

Conclusion:
4EA 1A ET AOAAOGAOG ET A 11 AAOAOGA 1 ATTAO AOOET ¢
return to the rest values within 1 minute of recovery. The SV contributes little to the raise of Qc. Th
raise of Qc is essentially due to the HR increase.
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Objective: Methods:

To evaluate noninvasively the Simultaneous measurements of gas exchanges and cardi

patterns of the Fick equation QC
components during an incremental  output ( ) 2 thoracic impedance device Physioflow

ergocycle test Manatec? supply the Fick equation's variables:

VO, =(Qcxdla- V)OE. Their dynamics are studied
at 1st and 2nd ventilatory threshold (SV1, SV2) and at PM
(Max Tolerated Power) in 41 active adolescent boys; 25 ¢
them are highly trained (TP) and 16 occasionally (P)here
is no anthropometric difference between the 2 groups

Results:

1) Individual slopes "a" onCregression againslV (}Eare negative: the higher the "a" value the

lower ¥ Qamax pMmT, maximal tissular @extraction dla—V)O:maxyg A7 Ag OEA
performance;

2) as early as at Svf,l'[a - ﬁ}Oiin TP is always higher than in P; whereaQC, FC and stroke
volume (VES) have similar values in both groups at SV1, SV2 and PMT; 3) in all subjects, TP and F

VES max andl(@ — V)O2max yere reached at the level of SV2.

Conclusion:
Non-invasive and simultaneousQCand Vozmeasurements during incremental test lead to Fick

equation adjustments, QC/VOE"a" slope and d'[a - ?)Oidiﬁerence contributing thus to
interesting indications of subjects' fithess.
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Objective:

To demonstrate that the linear coefficient of thle - Vo 2
relationship is an indice of the tissular oxygen extraction

(d (a — v}ng)

capacity in children.

Synthesis of facts:

3. Research
3.1 Physiology

Keywords:

uNonrinvasive cardiac output
o, arteriovenous difference
uPhysioFlow slope analysis

Twelve soccers (11. % O.?years) performed a maximal progressive test. Our results show thgf is

strongly correlated with VGE(r =0.96,p <0.01), and the individual values of the linear coefficient o

the Q‘f - V(JEreIationship are conversely correlated withar [‘-'1 - ?}OEmax values ( =70.91,

p<0.05).

Conclusion:

It thus seems thatd '[‘3 = ﬁ}(}Emax is the main predicting factor forVQE max.

103


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VN5-4N74J1M-1&_user=10&_coverDate=04%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6169&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b0f27940544ae6a5bf385bb9b599d434#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VN5-4N74J1M-1&_user=10&_coverDate=04%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6169&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b0f27940544ae6a5bf385bb9b599d434#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VN5-4N74J1M-1&_user=10&_coverDate=04%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6169&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b0f27940544ae6a5bf385bb9b599d434#aff3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VN5-4N74J1M-1&_user=10&_coverDate=04%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6169&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b0f27940544ae6a5bf385bb9b599d434#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VN5-4N74J1M-1&_user=10&_coverDate=04%2F30%2F2007&_rdoc=1&_fmt=full&_orig=search&_cdi=6169&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b0f27940544ae6a5bf385bb9b599d434#aff1
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml12&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=5ff140978b2aaa2f60fe8b8678b7b81a
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml13&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=b4a7403b18d07f52d9b0e28f740af4c2
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml14&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=8a96a5dde57954ba03d88ccb53689acb
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml15&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=e6602cb6237e8fe61649c7bab630cdc5
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml16&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=52f95d6d508fbc067b8ad03914144984
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml17&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=16756c98771d056ac43e81a03d0468ec
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml18&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=42f56439c9ac5dab032edc887aeba54e
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6VN5-4N74J1M-1&_mathId=mml19&_user=10&_cdi=6169&_rdoc=1&_acct=C000050221&_version=1&_userid=10&md5=ab0a7107c05ee8dbaca437699b507eff

3. Research

! P F Hemodynamics Redefined™ _
3.1 Physiology

Am J Physiol Regul Integr Comp Physiol, 2008 Apr 16.

Authors:

oDaussin FN, uDoutreleau S, Hopital Civil et Universite Louis Pasteur, Service
oxoll J, uMettauer B, de Physiologie et d'Explorations Fonctionnelles

ubufour SP, uPiquard F, and Institut de Physiologie, Strasbourg, France.

wPonsot E, wGeny B, Richard R.

ulonsdorfer-Wolf E,

Abstract:

The goalof the study was to determine the effects of continuous (CT) vs. intermittent (IT) training
yielding identical mechanical work and training duration on skeletal muscle and cardiorespiratory
adaptations in sedentary subjects. Eleven subjects (6 men and 5 mven, 45+/-3 years) were
randomly assigned to two periods of 24 trainings sessions over 8 weeks in a cresger design,
separated by 12 weeks of detraining. Maximal oxygen uptake (VO2max) measured during maxin
exercise testing increased after both trainigs (9% with CT vs. 15% with IT), whereas only IT wa:
associated with faster VO2 kinetics (tau: 68.0+1.6 vs. 54.9+£0.7 sec, p<0.05) measured during
test to exhaustion (TTE) and with improvements in maximal cardiac output (Qmax, from 18.1+4.1

to 20.1+-1.2 L.min(-1), p<0.01). Skeletal muscle mitochondrial oxidative capacities (Vmax) wer
only increased after IT (3.3+£0.4 before and 4.5+/0.6 micromol O2.min¢1).gdw(-1) after training,

p<0.05) whereas capillary density increased after both trainings, ith a 2-fold higher enhancement
after CT (+21+/-1% for IT and +40+/-3% after CT, p<0.05). The gain of Vmax was correlated with tr
gain of TTE and the gain of VO2max with IT. The Gain of Qmax was also correlated with the gai
VO2max. These results sugge that fluctuations of workload and oxygen uptake during training
sessions, rather than exercise duration or global energy expenditure, are key factor in improvir
muscle oxidative capacities. In an integrative view, IT seems optimal in maximizing peripta muscle
and central cardiorespiratory adaptations, permitting significant functional improvement. These dat¢
support the symmorphosis concept in sedentary subjects. Key words: mitochondria, endurant
training, performance.
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Introduction:

Typical cardiovascular effects of EC
include hypertension and tachycardia.
Blood pressure tends to transiently
increase 3040% and thereis about a 10%
increase in heart rate (1). These change
result from an increase in sympathetic
nervous system activity following an initial
parasympathetic response to a seizure
There is little information about the
hemodynamic changes occurring in patiets
with normal cardiac function during this
procedure.

We investigated the changes occurring ir
normal subjects wusing a thoracic
bioimpedance monitor to assess cardiac

Hemodynamics Redefined™

3. Research
3.1 Physiology

Anesthesia andPerioperative Medicine, Medical
University of South Carolina, Charleston, South Carolina

Methods:
Patients were enrolled in the study after providing
informed consent. Patiets with cardiovascular
disease were excluded from this study. Genere
anesthesia was induced with glycopyrrolate, 0-1
0.2 mg; ©propofol, 215 mg/kg; and
succinylcholine, 1 mg/kg. Patients were ventilated
by mask with 100% oxygen throughout the
treatment. ontinuous hemodynamic
i AAOGOOAT AT OO xAOA 1 AAA
thoracic bioimpedance cardiac output monitor.
Patients were followed throughout their treatment
with measurements recorded at the following
intervals: baseline, immediately preseizure
stimulus, 1 min after end of seizure stimulus and ¢
min after end of seizure stimulus. The data wa:

function. analyzed using the student's -test for paired

samples.

Results:
Nine patients (M:F=2/5), were studied. The average age was 39.7 + 9.5 yrs (range:323yr). Eleven
treatments in were studied in total. The BSA was 1.91 + 0.31 (range:1:2102). The CI gradually
decrease through to 1 min after the end of seizure stimulus and then increases. The HR and SV v
constant through the treatment period. There is a tred of increasing EDV with decreasing EF an
systemic vascular resistance during the treatment and into the posttal phase.

Conclusion:
The Cl is maintained during ECT and increases in the pastal period. The EDV gradually increases
while the EFdecreases, resulting in a rather constant SV throughout the treatment. Because there
a trend toward decreasing SVR and since no intravenous fluids were administered during these
treatments, the increase in EDV probably reflects transient cardiovasculdepression from
propofol. These observations reflect how younger patients without cardiovascular disease responc
to propofol anesthesia and the stress of ECT. The changes are consistent with other reports in the
literature suggesting that noninvasive hemalynamic monitoring is reliable in clinical situations.
Evaluation of the hemodynamic response in older patients (>65 yr) without cardiovascular diseas
is in progress.

1.Ding Z, White PF. Anesthesia for electroconvulsive therapy. Anesth Analg 200351-1364.
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Abstract:
Aerobic performance is dependent on both cardiwespiratory and peripheral
factors with hemodynamic parameters playing a major role. However
whether blood rheology might affect aerobic performance through an effec
on hemodynamic factors is not known. fie aim of the present study was to
assess the relationships between hemodynamic, hemorheological ar
metabolic parameters in response to a sumaximal cycling exercise protocol
consisting of three successive levels of nine min duration (50, 100 and 150 W
Ten young sportsmen participated in the present study. Mean arteria
pressure (MAP) was measured manually, with thoracic impedance used 1
monitor cardiac output (Qc): systemic vascular resistance (SVR) was the
calculated. Whole blood viscosity gb) was measured and used to calculate
systemic vascular hindrance. Hematocrit (Hct) was determined by micro
centrifugation and red blood cell (RBC) deformability (EI) was determined by
ecktacytometry. A breathby-breath gas analyzer was used to measure oxyge
uptake (VO2 ); the Fick equation was used to calculate arteriovenous oxyge
difference [(a-v)O2] from VO2 andQc. All measurements were performed at
rest, during exercise and during recovery. Compared to baseling;, MAP, Hct,
El, VO2 , and (av)O2 increasedduring exercise.sb increased above baseline
only at 150 W and remained elevated during recovery; the increase igb
during the last level of exercise was associated with a decrease of SVR ¢
systemic vascular hindrance. There was a significant negativeorrelation
between El and SVRr(= (0.35,p <0.01) and a significant positive relationship
between El and (av)O2 (r = 0.35, p <0.01) and between
El andVO2 ( = 0.37,p <0.01) across all exercise workloads, thus suggesting
potential role for RBC debrmability as a factor affecting aerobic performance
via oxygen delivery to tissues. These data lend support to the concept th
hemorheological parameters may contribute to hemodynamic and cardio
respiratory adaptations in response to exercise in moderalg trained
sportsmen.

6: Department of Physiology and Biophysics, Keck School of Medicibajiversity

Keywords:

uBlood rheology,
uExercise physiology,
wHemodynamics,
wOxygen uptake
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Abstract:

We assessed the ability of the oxygen uptake efficiency slope, wheth
calculated on 100 and 80% of maximal exercise test duratio
(OUES100 and OUESB8O0), to identify the change in cardiorespirato
capacities in responsdo hypoxia in subjects with a broad range of VO:
peak. Four maximal exercise tests were performed in trained (T) an
untrained subjects (UT) in normoxia and at 1000, 2500 and 4500 n
The mean reductions in maximal exercise capacities at 4500m wel
the samd ET 4 OOAEAAOO A& O 6/¢ DA
/I 5%3pmmn § Mceobgq xEAOAAO ET 54 0O«
TTO0 /I5%3yn j Mcmbgh xAO 11 xAO Al
0.05). OUES100 and OUES80 were correlated with VO2 peak and
ventilatory anaerobic threshold in both groups. Multiple regression
analyses showed that VO2 peak, OUES100 and OUES80 w
significantly linked to O2 arterial-venous difference. The OUESS80 coul
be considered as an interesting sulmaximal index of
cardiorespiratory fitness in normal or hypoxemic subjects unable tc
reach VO2 peak.

© 2008 Elsevier B.V. All rights reserved.
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Abstract:
The purpose of this study was to evaluate the limiting factors o
maximal aerobic performance in endurance trained (TW) and
sedentary (UW) women. Subjects performed four incremental tests o
a cycle ergometer at sea level and in normobaric hypoxi
corresponding to 1000, 2500 and 4500 m. Maximal oxygen uptak

decrement (AVoz may Was larger in TW at each altitde. Maximal heart
rate and ventilation decreased at 4500m in TW. Maximal cardia
output remained unchanged. In both groups, arterialized oxygel
saturation (Sa2 may decreased at and above 2500m and maximal,(
transport (Qaoz may decreased from 1000m. At4500m, there was no
more difference in Qa2 max between TWand UW.Mixed venous O
pressure (Pw2 may Was lower and QO extraction (O;ERnax) greater in
TW at each altitude. The primary determinant factor of VO max
decrement in moderate acute hypoxia in traied and untrained women
is a reduced maximal @transport that cannot be compensate by tissue
O, extraction.

© 2007 Elsevier B.V. All rights reserved.
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Abstract:

The factors determining maximal oxygen consumption were explorec
in eight endurance trained subjects (TS) and eight untrained subject
(US) exposed to moderate acute normobaric hypoxia. Subjec
performed maximal incremental tests at sea level and simulate:
altitudes (1,000, 2,500, 4,500 m). Heart rate (HR), stroke volume (SV
AAOAEAA 1 00POO j1q AOOAOEM otged
uptake (V Qmax); ventilation (VE; expressed in normobaric conditions)
were measured. At maximal exercise, ventilatory equivalen
(VENVO2may); Oz transport (QaGmax) and Q extraction (O:ERna) were

calculated. In TS, fx remained unchanged despitea significant
reduction in HRyax at 4,500 m. SWax remained unchanged. VEax

decreased in TS at 4,500 m, VE/\(ixwas lower in TS and greater ai
thonmn I 008 OAA |1 AfQ.AdecreBsed afhdnddbove
1,000 min TS and 2,500 m in USzERnax increased at 4,500 m in both
groups. Qa@hax decreased with altitude and was greater in TS than U
up to 2,500 m but not at 4,500 m. V.« decreased with altitude but

the decrement (AVOZmaX) was larger in TS at 4,500 m. In both group:

AVQmaX in moderate hypoxia was correlated withAQanax: Several
differences between the two groups are probably responsible for the

greater AVQmaX in TS at 4,500 m : (1) the relative hypoventilation in
TS as shown by the decrement in V_ Emax at 4,500 m (2) greater
QaGmaxAAAOAT AT O ET 43 ,A@nH unbHangdd Qlx 3) »
the smaller increase in GERnax in TS, insufficient to compensate the
decrease in QO2max.
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Abstract:
Improvement of exercise capacity by continuous (CT) versu
interval training (IT) remains debated. We tested the
hypothesis that CT and IT might improve peripheral and/or
central adaptations, respectively, by
randomly assigning 10 healthy subjects to two periods of 2:
trainings sessions over 8 weeks in a crossver
design,separated by 12 week®f detraining. Maximal oxygen
uptake (VO 2max); cardiac output (Qnay) and maximal
arteriovenous oxygen difference (Q_vO» may) Were obtained
during an exhaustive incremental test before and after eac
training period. _VQumax and Qmax increased only afer IT (from
26.3 + 1.6 to 35.2 £ 3.8 ml mipl kgzl and from 17.5 + 1.3 to
19.5 + 1.8 | mirx1, respectively; P < 0.01). D vO; maxincreased
after both protocols (from 11.0 £ 0.8 to 12.7 + 1.0; P < 0.01 ar
from 11.0£0.8t012.1 + 1.0 ml 100 gL, P < @5 in CT and IT,
respectively). At submaximal intensity a significant rightward
shift of the _Q/Da__ vO2 relationship appeared only after C
These results suggest that in isoenergetic training, central an
peripheral adaptations in oxygen transport and utization are
training-modality dependant. IT improves both central and
peripheral components of VO max Whereas CT is mainly
associated with greater oxygen extraction.
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Background: Keywords:
Reduced exercise capacity may be related to decreased redistributic  ABlood flow;
of blood flow from the nonexercising tissues to the exercising skelete  Aexercise:
muscle in patients with mild chronic heart failure (CHF). Korearm:

Adeart failure:
wOxygen consumption

Methods & Results:

In the present study 14 patients with mild CHF and 10 healthy subjects (N) underwent sympten
limited multistage-ergometer exercise, during which forearm vascular resistance (FVR), cardi:
index(Cl), systemic vascular resistance index (SVRI), and oxygen uptake (VO2) were measured-r
invasively using the plethysmograph, impedance, and respiratory gas analysis methods, respective
The VO2 and ClI at peak exercise were lower (p<0.01 each)dé®VRI and FVR at both rest and pec
exercise were higher in the CHF group than in N. However, both the percent increase in FVR .
percent decrease in SVRI from the resting state to peak exercise were lower in CHF than N, and |
of them correlated with not only peak VOZ2, but also the corresponding resting value of FVR and S\
(p<0.01 each).

Conclusion:
Redistribution of blood flow from the non-exercising tissues to the working skeletal muscles, whicl
may participate in exercise capacity, can bdlunted in CHF. The decreased vasoconstrictiv
response in the norexercising tissues is intimately related to the increased resting vascular tone i
CHF. (Circ J 2007; 71: 922928)
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Abstract: Keywords:
We investigated whether expiratory muscle loading inducec E %@AOAEOAN
by the application of expiratory flow limitation (EFL) during E@DPEOAOI OU AI
exercisein healthy subjects causes a reduction in quadricep  Antercostal muscle blood flow;
muscleblood flow in favour of the blood flow to theintercostal AQuadriceps muscle blood flow
musclesWe hypothesized that during exercise with EFL
guadriceps muscleblood flow would be reduced, whereas
intercostal muscle bloodflow would be increased compared to
exercise without EFL. Wenitially performed an incremental
exercise tes on eight healthymale subjects with a Starling
resistor in the expiratory line limiting expiratory flow to ~ 1
L/sec-1to determine peak EFLexercise workload (WRpeakEFL).
On a different day, two constaroadexercise trials were
performed in a balanced ordering sequenceduring which
subjects exercised with or without EFL at WRpeakEFbr 6
minutes. Intercostal (probe over the 7thintercostal space)and
vastus lateralis muscle blood flow index (BFI) was calculatelly
near-infrared  spectroscopy using indoganine  green,
whereascardiac output (CO) was measured by an impedanc
cardiographytechnique. At exercise termination CO and stroki
volume (SV)were not significantly different during exercise with
or without EFL (CO: 16.5 vs 15.2 I/mifl, SV: 104 vs 107
ml/beat -1, respectively).Quadriceps muscle BFI during exercist
with EFL (5.4 nM/s) wassignificantly (p = 0.043) lower
compared to exercise withouttFL (7.6 nM/s), whereas
intercostal muscle BFI during exercisavith EFL (3.5 nM/s) was
significantly (p = 0.021) greater comparedio that recorded
during control exercise (0.4 nM/s). In conclusionincreased
respiratory muscle loading during exercise in healthjhumans
causes an increase in blood flow to the intercostal musclesd a
concomitant decrease in quadceps muscle blood flow.
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