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PEDIATRIC
Introduction 

Setup

Although there is always room for more research in the medical world, upon 
popular demand this booklet contains all the latest research conducted to date 
in adults, pediatrics, and neonates using the Electrical Cardiometry™ (EC™) 
monitors, ICON® and AESCULON® (shown on the cover). For those not 
familiar with these monitors or the technology they use to measure flow, 
resistance, contractility, and fluid hemodynamic parameters a brief 
introduction is necessary.

Electrical Cardiometry is the name 
given to the method used by the 
ICON and AESCULON to provide 
clinicians with continuous measures 
of flow, resistance, contractility, and 
fluid using iSense™ Skin  Sensors 
placed on the neck and thorax. 
Figure 1 displays the locations of 
where the skin sensors are placed 
on both large and small patients. 

Figure 1: Sensor Placement

Electrical Velocimetry™ is the name of the physiological modeling and 
equation implemented in both of these devices which allow them to correlate 
the measured changes in thoracic electrical bioimpedance with heart rate, 
contractility, thoracic fluid content, pre-ejection period, and left ventricular 
ejection. Using these parameters several other important measures can be 
calculated. Two important parameters which several research studies have 
validated and utilized are stroke volume and cardiac output.  Figure 2 shows 
the patented equation used by the EC monitors for calculating stroke volume. 
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Figure 2: Patented Electrical Velocimetry Equation
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NEONATAL

Comparison of cardiac output measurements 
between electrical cardiometry and 

echocardiography
S. Bhombal, R.G. Cayabyab, S. Noori, M. Ebrahimi, 

and I. Seri

Background: The capability to continuously and non-invasively monitor cardiac 
output in absolute numbers would be a breakthrough in critically ill patients as the 
diagnosis of neonatal shock would be less complicated and treatment more effec-
tive. Electrical Cardiometry (EC) is a non-invasive method of continuous beat-to-
beat left cardiac output monitoring based on measurement of thoracic electrical 
bioimpedance. 
Purpose: To investigate the correlation of cardiac output measurements obtained 
by the non-invasive continuous cardiac output monitor (electrical cardiometry, 
Aesculon®) and echocardiography in term and preterm infants. 
Methods: This is a prospective observational study. Left ventricular output (LVO) 
was measured by echocardiography and EC simultaneously. As EC estimates 
LVO by assessing blood flow in the ascending aorta, measurements were 
performed on term and preterm infants with a patent ductus arteriosus irrespective 
of the potential hemodynamic significance of ductal shunting. Measurements were 
obtained from day 1-72 of postnatal life. 
Results: There were 46, paired measurements performed on neonates with a 
gestational age of 23-41 and birth weight of 375-4330 gms. LVO by ECHO and EC 
was 653±188, and  658±263 mL/min, respectively (r2=0.55). 
Conclusions: Despite the relative imprecision of LVO measurement by echocar-
diography, there is a good correlation between the cardiac output measurements 
obtained by EC and echocardiography in neonates. There is a potential for 
continuous monitoring of cardiac output with the use of EC in these infants but 
additional studies simultaneously investigating changes in CO in response to 
treatment are needed to confirm these findings. 

USC Division of Neonatal Medicine, LAC+USC Medical Center, 
Childrens Hospital Los Angeles, Good Samaritan Hospital, Keck School of 

Medicine, University of Southern California, Los Angeles, CA
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Continuous non-invasive cardiac output 
measurements in the neonate by electrical 

cardiometry: a comparison with 
echocardiography

S. Noori1,2, B. Drabu1,2, S. Soleymani1,3, and I. Seri1

Objective: Electrical velocimetry (EV) is a noninvasive method of continuous left 
cardiac output monitoring based on measurement of thoracic electrical bioimped-
ance. The objective was to validate EV by investigating the agreement in cardiac 
output measurements performed by EV and echocardiography.
Design/Methods: In this prospective observational study, left ventricular output 
(LVO) was simultaneously measured by EV (LVOev) using Aesculon and by echo-
cardiography (LVOecho) in healthy term neonates during the first 2 postnatal days. 
To determine the agreement between the two methods, we calculated the bias 
(mean difference) and precision (1.96×SD of the difference). As LVOecho has its 
own limitations, the authors also calculated the ‘true precision’ of EV adjusted for 
echocardiography as the reference method.
Results: The authors performed 115 paired measurements in 20 neonates. LVOev 
and LVOecho were similar (534±105 ml/min vs 538±105 ml/min, p=0.7). The bias 
and precision of EV were −4 and 234 ml/min, respectively. The authors found the 
true precision of EV to be similar to the precision of echocardiography (31.6% vs 
30%, respectively). There was no difference in bias and precision between the 
measurements obtained in patients with or without a haemodynamically significant 
patent ductus arteriosus.
Conclusions: EV is as accurate in measuring LVO as echocardiography and the 
variation in the agreement between EV and echocardiography among the 
individual subjects reflects the limitations of both techniques.

1Division of Neonatology and the Center for Fetal and Neonatal 
Medicine, Department of Pediatrics, Children’s Hospital Los Angeles, Keck 

School of Medicine, University of Southern California, Los Angeles, CA, 
2Section of Neonatal-Perinatal Medicine, Department of Pediatrics, 

The Children’s Hospital, University of Oklahoma Health Sciences Center, 
Oklahoma City, OK, 3Department of Biomedical Engineering, Viterbi 

School of Engineering, University of Southern California, Los Angeles, CCA
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Effects of spontaneous episodes of hypoxemia on 
hemodynamics and cerebral oxygenation in 

preterm infants
S. Dominguez, N. Claure, C. D'Ugard, and E. Bancalari

Background: Preterm infants often present with spontaneous hypoxemia 
episodes (HE), sometimes associated with bradycardia. The hemodynamic effects 
of HE as well as their impact on cerebral oxygenation have not been fully explored. 
Objective: To document the changes in cardiac output (CO), heart rate (HR), 
stroke volume (SV) and cerebral oxygenation (CrSO2) in a group of preterm 
infants who present with frequent spontaneous HE. 
Design/Methods: Eight preterm infants, GA 26 (23-29) weeks (median and 
range) who presented with HE (SpO2 < 80%) were studied during 4 hours at a 
mean age of 27 (9-64) days. SpO2 was measured by pulse oximetry (Radical, 
Masimo Corp), CrSO2 by near infrared spectroscopy (INVOS 5100, Somanetics 
Corp), and non-invasive measurements of CO, SV, HR were obtained by electrical 
cardiometry (Aesculon, Cardiotronic Inc). 
Results: Infants presented with a median of 3 (1-9) HE per 4 h for a total of 34 HE. 
During these HE, SpO2 declined by 19±6% (mean±SD). Regression analysis 
showed HE were associated with a decline in CO and CrSO2 (p<0.01). CO 
decreased in 26% of HE with 41 % of episodes accompanied by a decline in HR 
and 11% by a decline in SV resulting in a decrease in CO of 8.4±16.4%. A 
compensatory increase in SV was observed in 26% of all HE accompanied by a 
decline in HR. All HE were associated with a decline in CrSO2, mean 11±6%, and 
a ratio of CrSO2/SpO2 of 0.63±0.24. The decline in CrSO2 and the ratio 
CrSO2/SpO2 were not consistently influenced by changes in CO, HR or SV.
Conclusions: In this group of preterm infants, spontaneous episodes of hypox-
emia were associated with changes in cardiac output primarily due to a decline in 
HR that was partly compensated by an increase in stroke volume. These episodes 
were accompanied by a smaller decline in cerebral than systemic oxygenation, 
suggesting some degree of cerebral autoregulation. 

Department of Pediatrics, Division of Neonatology, University of Miami 
Miller School of Medicine, Miami, FL
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Electrical cardiometry in the NICU, is it feasible?
M. Rodriquez, B. Weaver, A.P. Boseman, B.N.T. Ho, 

R.L. Vogel, and J.M. Van De Water

Background: The evaluation of the hemodynamic state of the critically ill neonate 
remains a challenge in neonatal medicine. Clinical indicators of the circulatory 
pathophysiology of the neonate have not been shown to be effective measurement 
tools in evaluating cardiac output (CO). A noninvasive mean of obtaining an objec-
tive assessment of cardiac function in the neonatal population potentially could 
impact on the evaluation, management and trending of cardiovascular status in the 
neonate. An evaluation was begun of a new hemodynamic monitor; the Aesculon 
(Cardiotronic, Inc. La Jolla, CA) designed to measure small stroke volumes (SV). 
Objectives: To adequately judge the role of SV and CO measured by Electrical 
Cardiometry on neonates in our Neonatal Intensive Care Unit. The first phase of 
our evaluation was an assessment of patient and operator acceptance, patient 
tolerance and ease of operation. The second phase was an analysis of reproduc-
ibility both inter – and intra – operator. Finally, stroke volume and cardiac output 
values from a series of 105 patients were correlated with weight, surface area (SA) 
and body mass index (BMI).
Design/Methods: Institutional Review Board approval and parental informed 
consent for participation was obtained. Inclusion criteria: Infants in the NICU 
during the period of October 2008- February 2009; Apgar score > 3 at 5 minutes. 
Weight greater than 500 grams. No congenital heart disease. Non- surgical 
neonates. Stable cardio-vascular status. The Electrical Cardiometry monitor, 
Aesculon® (Cardiotronics, Inc., La Jolla, CA 92307; Osypka Medical GmbH, Berlin, 
Germany) was used to estimate stroke volume and cardiac output. Measurements 
were first determined by 5 different operators; each patient had a total of 5 
measurements by operator, inter – and intra –operator user variability was deter-
mined by Type III Method of Moments. Measurements were obtained for 105 
neonates during the study period. SV and CO values were correlated to weight, 
surface area and body mass index.

Department of Pediatrics and Surgery, Mercer University School of 
Medicine at the Medical Center of Central Georgia, Macon, GA
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Results: Our sample group had a mean gestational age of 32.6 weeks, and a 
mean birth weight of 1550 grams. Included 55 males and 50 females. There were 
no problems using single electrode placement along the left side of the body at 
scalp, base of neck, xyphoid and thigh levels. Babies’ tolerance was good and 
device operation was easy, facilitating parental content. Reproducibility was good 
with a variance < 1% and < 0.5% for inter and intra-operator respectably.Mean 
cardiac output measured was 339 + 159 ml/kg. Mean cardiac index measured was 
222 + 54 ml/kg/min.Values for CO in this sample of neonates (n = 105) correlated 
well with weight, body mass index and body surface area. However, the best 
correlation was CO vs. weight R = 0.77, p < 0.0001.
Conclusions: The placement of electrodes for performing Electrical Cardiometry 
in the neonatal patient differs little from the application of physiological monitoring
system currently in place, making this process well tolerated by patients, family 
and staff. No adverse complications were identified while measurements were
obtained. In these same studies the cardiac output and stroke volume have 
provided some encouraging data as to the potential value of Electrical Cardiometry 
as a trending tool. The measurement and trending of SV and CO in the NICU has 
the potential of providing the neonatal team with valuable information in assisting 
in the management of the cardiovascular status. 

Rodriquez et al. continued
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Comparison of noninvasive measurement of 
cardiac output, electrical velocimetry with 

thermodilution measurement of cardiac output 
in children 

D.S. Spar, J.A. Vincent, A. Torres, W.E. Hellenbrand, 
M.E. Richmond, and G. Krishnamurthy

Introduction: The primary function of the cardiovascular system is to meet the 
metabolic demands of the body and is dependent on cardiac output. Thermodilu-
tion (TD), a measure of cardiac output, is an invasive technique requiring catheter-
ization of the pulmonary artery. The use of TD in children is not uniformly favored 
as it offers uncertain risk-benefit ratio. Electrical Velocimetry (EV) is a novel 
method of noninvasive cardiac output assessment. EV interprets the maximum 
change in thoracic electrical bioimpedance as the ohmic equivalent of the mean 
aortic blood flow acceleration and further transforms it into an equivalent of mean 
aortic blood flow velocity. Stroke volume and cardiac output are then calculated. 
This method has been minimally studied in children.
Materials and Methods: A prospective study was conducted in children (<18 
years) who previously underwent cardiac transplantation and were undergoing 
routine cardiac catheterization at Morgan Stanley Children’s Hospital from October 
2009 to October 2010. Subjects with intra or extracardiac shunts, abnormal 
cardiac function, moderate or severe tricuspid regurgitation or hematocrit less then 
30% were excluded from the study. Paired measurements of thermodilution 
cardiac output (TD-CO) by pulmonary artery catheter thermodilution and Electrical 
Velocimetry cardiac output (EV-CO) by Electrical Velocimetry were recorded. 
TD-CO was measured with a balloon tipped pulmonary artery thermodilution 
catheter (Arrow International, Reading, PA, USA) inserted via a sheath within the 
femoral vein or internal jugular vein and directed to the pulmonary artery under 
fluoroscopy. CO was obtained by pulmonary artery catheterization with bolus 
injection of 5ml or 10ml saline depending on the size of the patient. EV-CO was 
measured by placing four standard ECG electrodes, two placed on the left side of 
patient’s neck and two placed on the left anterior axillary line at level of xiphoid 
process. The electrodes were attached to the Aesculon® monitor. TD-CO and 
EV-CO measurements were compared with the student t test, analyzed for corre-
lation, and measured by the Bland-Altman plot for bias and precision. An a priori 
definition of acceptable limits of agreement was set at ±30%. 

Division of Pediatric Cardiology, and Division of  Neonatology, 
Columbia University, New York, NY
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Bias represents the mean difference between the actual TD-CO measured by 
pulmonary artery TD and the EV-CO measured by Electrical Velocimetry. Preci-
sion was represented by two standard deviations of the bias.
Results: Forty-four children were enrolled in the study. Median age: 10 years 
(Range 0.8-17). Males: 26 (59%) and females: 18 (41%). Mean TD-CO: 3.66 ± 
1.71 liter min-1. Mean EV-CO: 3.44 ± 1.71 liter min-1 p=NS. There was a significant 
correlation between TD-CO and EV-CO, r=0.89, p<0.001 (Figure 1). Bland-Altman 
analysis of TD-CO and EV-CO demonstrated a bias of 0.22 liter min-1 with a preci-
sion of ±1.55 liter min-1 (Figure 2). The mean percentage error was 7.7±18.7 
(±1SD).
Conclusions: Noninvasive EV-CO differs from TD-CO measurements by an 
average of 7.7±18.7% and exceeds the a priori set acceptable limits of agreement 
in children with normal intracardiac anatomy and function. There was significant 
correlation between TD-CO and EV-CO (r=0.89). The application of EV-CO moni-
toring as a trend monitor in outpatient or critical care settings requires further 
investigation.

Spar et al. continued
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TD-CO and EV-CO measurements.

Figure 2: Bland-Altman analysis to compare 
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Electrical velocimetry for measuring cardiac 
output in children with congenital heart disease

K. Norozi, C. Beck, W.A. Osthaus, I. Wille, A. Wessel, 
and H. Bertram

Background: The purpose of this study was to evaluate the agreement of cardiac 
output measurements obtained by electrical velocimetry (COEV) and those that 
derived from the direct Fick-oxygen principle (COF) in infants and children with 
congenital heart defects.
Methods: Simultaneous measurements of COEV and COF were compared in 32 
pediatric patients, aged 11 days to 17.8 yr, undergoing diagnostic right and left 
heart catheterization. For non-invasive measurements of cardiac output by electri-
cal velocimetry, which is a variation of impedance cardiography, standard surface 
electrodes were applied to the left side of the neck and the left side of the thorax at 
the level of the xiphoid process. Cardiac output determined using direct Fick-
oxygen principle was calculated by direct measurement of oxygen consumption 
(VO2) and invasive determination of the arterio-venous oxygen content difference.
Results: An excellent correlation (r=0.97) was found between COEV and COF 
(P<0.001). The slope of the regression equation [0.96 (SD 0.04)] was not signifi-
cantly different from the line of identity. The bias between the two methods (COEV-
COF) was 0.01 litre min-1 and the limits of agreement, defined as the bias (2 SD), 
were -0.47 and +0.45 litre min-1.
Conclusions: COEV demonstrates acceptable agreement with data derived from 
COF in infants and children with congenital heart disease. The new technique is 
simple, completely non-invasive, and provides beat-to-beat estimation of CO.

Scatter-plot of the data from 32 invasive 
measures of COF and corresponding COEV 
measurements.

Bland and Altman analysis of cardiac output 
measured by COEV and that determined by the 
direct Fick-oxygen COF in 32 infants and children.
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Department of Pediatric Cardiology and Intensive Care Medicine and 
Department of Anesthesiology, Medical School Hannover, 

Hannover, Germany
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Comparison of electrical velocimetry and 
transpulmonary thermodilution for measuring 

cardiac output in piglets

10

W.A. Osthaus, D. Huber, C. Beck, M. Winterhalter, 
D. Boethig, A. Wessel, and R. Sümpelmann

Background: Monitoring of cardiovascular function is essential during major 
pediatric and pediatric cardiac surgery. Invasive monitoring of cardiac output (CO) 
and oxygen delivery is expensive and sometimes associated with adverse events. 
Therefore, we investigated the accuracy of a new noninvasive CO monitoring 
device using electrical velocimetry (EV) in comparison with the more invasive 
transpulmonary thermodilution (TPTD) method.
Methods: In five fasted, anesthetized and mechanically ventilated piglets, CO was 
measured simultaneously using EV and TPTD under normal conditions, volume 
loading, inotropic support and exsanguination.
Results: In five piglets, 169 measurements could be performed. The correlations 
between EV–CO and TPTD–CO were signifiant for absolute values (P<0.0001, 
r=0.82) and relative changes from baseline (P<0.0001, r=0.93). The receiver 
operating characteristic (ROC) curve analysis of the relative changes of the 
EV–CO values in relation to the first EV–CO measurement showed a sensitivity of 
91% and specificity of 94% (AUC 0.974, 95% CI 0.96–0.99). Changes in 
TPTD–CO greater than 15% lead to a change of EV–CO in the same direction in 
93%. Bland–Altman analysis showed a mean difference between the two methods 
of -0.63 l min-1 with an SD  of 0.64 l min-1. The lower and upper limits of agreement 
were -1.88 and 0.62 l min-1, percentage limit of agreement was ±82.8%.
Conclusions: The results show that EV is a safe, simple, noninvasive and cost-
effective method for continuous trend monitoring of CO in piglets. The agreement 
of the EV–CO with TPTD–CO is not good enough to replace the standard method 
in our animal model. A correction factor for body habitus in piglets may be 
beneficial.

Department of Pediatric Cardiology and Intensive Care Medicine and 
Department of Anesthesiology, Medical School Hannover, 

Hannover, Germany
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Electrical velocimetry as a tool for measuring 
cardiac output in small infants after heart surgery

11

O. Grollmuss, S. Demontoux, A. Capderou, A. Serraf, 
and E. Belli

Purpose: Cardiac output (CO), the product of stroke volume (SV) and heart rate, 
is essential to guarantee organ perfusion, especially in the intensive care setting. 
As invasive measurement of CO bears the risk of complications there is a need for 
non-invasive alternatives. We investigated if electrical velocimetry (EV) and trans-
thoracic Doppler (Doppler-TTE) are interchangeable for the non-invasive 
measurement of SV and able to reflect the post-surgical SV/CO trend. 
Methods: Comparison of SV measurements by EV and Doppler-TTE was 
performed in 24 newborns after switch operation (n = 240 measurements). Three 
subgroups of measurements (=periods) were created according to the patients’ 
status in the course of post-surgical CO recovery. 
Results: Bland–Altman analysis found acceptable bias and limits of agreement for 
the interchangeability of the two methods. Mean overall SV was 3.7 ml with a 
mean overall bias of 0.28 ml (=7.6 %). The mean percentage error of 29 % was 
acceptable according to the method of Critchley and Critchley. Overall precision 
expressed by the coefficient of variation (CV) was 6.6 % for SVTTE and 4.4 % for 
SVEV. SVTTE and SVEV medians in the three periods were significantly different 
and documented the post-surgical CO trend. 
Conclusions: EV and Doppler-TTE are interchangeable for estimating SV. EV 
has the advantages of easy handling and allows continuous measurement

Department of Pediatric Cardiac Intensive Care, Centre Chirurgical Marie 
Lannelongue, Le Plessis Robinson, France
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Supra ventricular tachycardia significantly 
reduces stroke volume and causes minimal 

reduction of cardiac output: study of 
pediatric patients

12

M.T. Numan, D. Maposa, and B.K. Kantharia

Introduction: Supra ventricular tachycardia (SVT) may decrease cardiac stroke 
volume (SV) and output (CO) secondary to decreased filling time. The patients 
with SVT manifest variable clinical symptoms ranging from mild chest discomfort, 
dizziness, loss of energy to syncope. The phenomenon of variable stroke volume 
and cardiac output from patient to patient has not been studied adequately. In this 
study we aim to measure the SV and CO changes before, during and after SVT.
Methods: Patients with clinically diagnosed SVT undergoing electrophysiology 
study (EP) were included in the study. All the patients received general anesthesia 
for the EP procedures. Non-invasive monitor from Cardiotronic was used to 
measure SV(in ml/cycle) and CO(L/min) by Electrical Velocimetry™ (OSYPKA 
Inc.). These parameters were obtained in each patient at baseline(BL), during SVT 
and immediately after(after) converting the rhythm to sinus rhythm (SR). Each 
measurement was averaged over 30 cycles in each of the mentioned condition.
Results: The study cohort consisted of 16 patients (10 males and 6 females). The 
demographic parameters and variables (mean +/- standard deviation) as 
described in Table 1 and Figure 1. are as follows: Average age 8.99+/-4.6 yrs, 
weight 41.6+/-22.7 kg and height 134.4+/-27.3 cm. The heart rate at BL 98.2+/-
18.1, during SVT 206.7+/-24.94 and immediately after reverting to SR were 
112.4+/-16.8. The SV decreased from BL 55.1+/-32.5 to 27.6+/-19.3 during SVT 
(46.7+/-21.9 % reduction from BL) p<0.001, and then recovered to 58.0 
+/-34.1(138.8+/-114.6 % increase from SVT) p<0.001. The CO decreased from BL 
5.23+/-3.1 to 4.7+/-4.6 during SVT (6.43 +/-3.6% reduction from BL) p<0.05 then 
recovered to 6.2+/-3.9 (39.1+/-20.4% increase from SVT) p<0.05
Conclusions: During SVT, significant reduction in the SV more than the CO 
occurs. The reduction of CO is not significant during SVT, possibly because of
compensatory increase in the heart rate with lower SV. The recovery causes 
overshooting in both SV and CO probably to sudden improvement of filling time 
and preload. The vast scattering of the amount of changes in the SV and CO 
between patients reflect diversity of physiological factors in each patient and 
explain the diversity of the patients' symptoms severity.

Children’s Memorial Hermann Hospital and The University of Texas Medical 
School at Houston, Houston, TX



Non-invasive cardiac output and oxygen delivery 
measurement in an infant with critical anemia

G.M. Steil, O.S. Eckstein, J. Caplow, M.S.D. Agus, 
B.K. Walsh, and J. Wong

Objective: To assess the combination of a non-invasive blood oxygen content 
(CaO2) monitor and a non-invasive cardiac output (CO) monitor to continuously 
measure oxygen delivery (DO2; DO2 = CaO2 x CO).
Methods: DO2 was assessed during blood transfusions in an infant with acute 
hemolytic anemia following admission (~48h). CaO2 was measured by Pulse 
Co-Oximetry, which also provides estimates of hemoglobin (Hgb) concentration 
and percent oxygen saturation. CO was measured by Electrical Velocimetry, 
which also provides an estimate of stroke volume (SV). Lactate levels, an indirect 
measure of adequate DO2, were assessed during the initial 8h following admis-
sion.
Results: Incremental blood transfusions during the first 36h increased Hgb from 
2.7 to 9.5 g/dL during which time heart rate (HR) normalized from 156 to 115 
beats/min. Lactate levels decreased from 20 to 0.8 mmol/L in the first 7h. Non-
invasive Hgb and CaO2 measurements were well correlated with invasive Hgb and 
CaO2 measures (r2=0.88; P=0.019; r2=0.86; P=0.0074, respectively). CO 
decreased from 2.47±0.06 to 1.28±0.02 L/min and SV decreased from 15.9±0.4 to 
11.1±0.2 mL/beat. Mean arterial blood pressure was stable throughout the admis-
sion with systemic vascular resistance increasing from 407.6±15.2 to 887.7±30.1 
dyn s/cm5. DO2 was estimated to increase from 120.2±18.9 to 182.4±5.6 mL 
O2/min.
Conclusions: Non-invasive continuous CO and CaO2 monitors are shown in this 
single case to provide continuous DO2 measurement. The ability to assess DO2 
may improve hemodynamic monitoring during goal directed therapies.

PEDIATRIC

Department of Medicine: Medicine Critical Care Program, Children’s 
Hospital Boston, and Harvard Medical School, Boston, MA
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Cardiovascular effects of dexmedetomidine 
sedation in children

J. Wong, G.M. Steil, M. Curtis, A. Papas, D. Zurakowski, 
and K.P. Mason

Background: Dexmedetomidine (DEX) affects heart rate (HR), mean arterial 
blood pressure, cardiac index (CI), stroke index (SI), and systemic vascular resis-
tance index (SVRI) in adults. In this study we sought to determine whether similar 
effects occur in children under going DEX sedation.
Methods: Hemodynamic changes in children were followed during IV DEX 
sedation for radiological procedures. One group of 8 patients (DEX-brief) received 
a bolus (2 mcg/kg bolus over 10 minutes) and completed the procedure within 10 
minutes. The second group of 9 patients (DEX-prolong) received the bolus plus 
additional DEX as needed to maintain sedation for procedures lasting longer than 
10 minutes (additional 1 mcg/kg/hr infusion with second bolus if needed). CI, SI, 
and SVRI were measured using a continuous noninvasive cardiac output monitor 
[Cardiotronic]. Changes in hemodynamic variables at minutes 10, 20, and 
discharge (time at which patient achieved Aldrete Score ≥9) were compared to 
baseline by repeated measures ANOVA with effect sizes reported as mean [95% 
confidence interval].
Results: Data were obtained during 8 DEX-brief and 9 DEX-prolong procedures. 
In DEX-brief, HR and CI decreased (18.9 [2.3 to 35.5] bpm and 0.74 [0.15 to 1.33] 
L/min/m2; respectively) at T1. There was no change in any other hemodynamic 
variables and all hemodynamic variables returned to baseline at recovery. In 
DEX-prolong, both HR and CI remained decreased (24.0 [8.3 to 39.6] bpm, 1.51 
[0.95 to 2.06] L/min/m2; respectively) at recovery. In addition, SI was decreased 
(8.01 [1.71 to 14.31] mL/m2) and SVRI was increased (776.0 [271.9 to 1280.4] 
dynes-sec/cm5/m2) at recovery in the DEX-prolong group. There were no 
significant changes in mean arterial blood pressure in either group.
Conclusions: DEX decreases CI in children and has a cumulative effect. For 
patients under going prolonged procedures HR and CI remained decreased at the 
time of discharge together with a decrease in SI and an increase in SVRI.
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Non-invasive cardiac output monitoring during 
catheter interventions in patients with 

cavo-pulmonary circulations
P.M.E. Noonan, S. Viswanathan, A. Chambers, J. Stickley, 

and O. Stumper

Introduction: Electrical velocimetry (EV) uses changes in thoracic electrical 
bio-impedance to calculate cardiac output (CO) non-invasively.  Recent studies 
have favourably compared EV to previously established invasive measurements 
of CO like thermodilution and transoesophageal Doppler.  EV has also been 
shown to be comparable to CO measured using Fick principle in children with 
complex congenital heart disease. EV is a non-invasive method that uses standard 
ECG surface electrodes placed on the patient.  It measures the rate of change of 
thoracic bio-impedance which correlates to alignment of erythrocytes in the aorta 
during systole.  Using the maximum rate of change of bio-impedance, the left 
ventricular ejection time and the patient’s body mass, the stroke volume can be 
calculated.  Other measures of contractility (Icon measurement, systolic time ratio 
(STR)) and fluid status (thoracic fluid index (TFI)) are also calculated.  Measure-
ments are continuous giving a real-time measurement of cardiac output . 
Methods: We used an Icon monitor (Osypka, Germany) to assess changes in CO 
during catheter interventions in ten patients with cavo-pulmonary connections.  
Nine patients had hypoplastic left heart syndrome post fenestrated Fontan and 
one had pulmonary atresia, intact ventricular septum and Glenn shunt (1.5 
ventricle repair).  Stroke volume (SV) was recorded during periods of stable heart 
rate before and after interventions and so was directly related to CO. Ages ranged 
from 4.8-15.3 (median 6.1) years, weight was 15-63 (median 18.5) kg. All studies 
were carried out under GA and positive pressure ventilation. Four patients under-
went stenting for left pulmonary artery (LPA) stenosis. Six patients had partial or 
complete closure of Fontan fenestrations or ASD with right to left shunting.  Four 
of these had partial occlusion of their Fontan fenestration using an Intrasept 0115S 
device (Cardia, MN).  Another had reduction of a previous stent fenestration and 
the sixth had complete closure of an ASD with an Amplatzer Septal Occluder 
(AGA, MN). Three patients had procedures to increase their fenestration with two 
having a fenestration stent and the third was ballooned.  One of the patients having 
stent fenestration had bilateral pleural drains inserted as part of the same 
procedure. 

Heart Unit, Birmingham Children’s Hospital - NHS Trust
Birmingham, United Kingdom
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Results: All four patients who underwent stenting of LPA stenosis had an 
observed increase in SV and therefore CO post stent deployment.  Increases in 
stroke volume ranged from 7 to 19% with a mean increase of 11.8%.  All six 
patients who had partial or complete closure of an obligate right to left atrial shunt 
showed a decreased stroke volume post occlusion.  Reduction in stroke volume 
ranged from 4% to 15% with a mean decrease of 11%.  Creation of Fontan stent 
fenestration resulted in a marked increase in stroke volume (22% and 29% 
increase) in these two patients.  There was no observed difference in SV in the 
patient who only had balloon dilation of fenestration.  Insertion of pleural drains 
and removal of large pleural effusions showed a clear increase in SV and CO 
(16%). 
Discussion: Changes in cardiac output have been previously reported with 
relation to manipulation of Fontan fenestrations. The increased stroke volume 
seen in patients undergoing stent fenestration is likely to be related to an increased 
ventricular pre-load. Conversely the observed reduced stroke volume in patients 
with partial or complete closure of atrial R-L shunts is likely to be related to a 
reduced pre-load. The changes seen in patients with cavo pulmonary connections 
undergoing LPA stenting have not been previously observed or reported. The 
most likely explanation for this finding is a reduction in afterload for the systemic 
ventricle in the context of a circulation in series. This would be supported by the 
wave-reflection theory. Further detailed studies are currently being undertaken. 
The observation clearly supports aggressive treatment of observed LPA stenoses 
after Fontan palliation.
Conclusion: Icon is a novel monitoring technique ideally suited for use during 
interventional catheter procedures. Initial experience in patients with Glenn shunt 
and Fontan circulations is promising and provides new insights into the patho-
physiology of the circulation in series.

Noonan et al. continued
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Non-invasive cardiac output and oxygen delivery 
measurements in acute critical anemia

J. Wong, O. Eckstein, J. Caplow, M.S.D. Agus, B. Walsh,
and G. Steil

Objective: We present the first case report describing the use of a continuous 
non-invasive cardiac output (CO) monitor with a continuous measure of blood 
oxygen content (CaO2) to assess oxygen delivery (DO2) during blood transfu-
sions.
Hypothesis: We hypothesize that newly approved monitors of CO (Cardiotronic) 
and CaO2 (Masimo) can be combined to estimate DO2 during blood transfusion.
Methods: The CO and CaO2 monitors were applied to a 10 month old infant (10 
kg) admitted with acute hemolytic anemia (Hgb 2.7 g/dl). In the ED, oxygen was 
immediately given and PRBC transfusion started (5ml/kg/hr) and then decrease to 
1.25 ml/kg/hr. Continuous CO and CaO2 monitors applied in the MICU shortly 
thereafter with monitoring continued for ~63 hours). During the first 6 hours lactate 
levels were obtained to assess metabolic state (anaerobic/aerobic).
Results: Blood Hgb increased from 2.7 to 9.5 gm/dl during transfusion, 
non-invasive continuous Hgb measurement also track the increase Hgb (r2=0.86). 
During this time lactate levels decreased from 20 to 0.8 mg/dl suggesting a rapid 
switch from anaerobic to aerobic metabolism, indicating that the delivery of O2 
was above the critical DO2 threshold. Over the subsequent 12-48 hours DO2 
increased form ~11 to 18 ccO2/min. The high CO/low SVR state resolved when his 
Hgb > 6 g/dl. Both HR and SV were major determinates of the high CO.
Conclusions: Noninvasive monitoring of CO and DO2 may provide a means to 
optimize Hgb targets and to detect cardiovascular compromise from blood transfu-
sion. Further validation of these newly emergent technologies is warranted.

Children’s Hospital Boston, Harvard Medical School, Boston, MA
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Comparison of electrical velocimetry and 
thermodilution techniques for the measurement of 

cardiac output
N. Zoremba1, J. Bickenbach1, B. Krauss1, R. Rossaint1, 

R. Kohlen2, and G. Schälte1

Aim: To compare a new method of non-invasive determination of cardiac output 
based on electrical velocimetry (EV-CO) with invasive thermodilution methods.
Methods: Fifty critically ill patients were enrolled into the study. EV-CO was 
compared with cardiac output measured by a pulmonary artery catheter (PA-CO) 
in one group (n=25) and by a femoral artery catheter (PiCCO-CO) in a second 
group (n=25), by simul-taneous measurements. Standard electrocardiography 
electrodes were used for non-invasive measurements, and EV-CO was calculated 
using the Bernstein–Osypka equation. The invasive measurements of PA-CO and 
PiCCO-CO were made by the injection of iced 0.9% saline and the recording of 
thermodilution curves.
Results: The precision values of EV-CO, PA-CO and PiCCO-CO measurements 
were ±0.46 [95% confidence interval (95%CI), ±0.06], ±0.57 (95% CI, ±0.09) and 
±0.48 l/min (95% CI, ±0.08 l/min), respectively. The mean differences between 
EV-CO and PA-CO or PiCCO-CO were –0.05±0.71 and 0.22±0.78 l/min, respec-
tively. The lower and upper limits of agreement for the comparison of EV-CO with 
PA-CO were -1.47 and 1.37 l/min (95% CI, ±0.25 l/min), respectively. In the 
comparison of EV-CO and PiCCO-CO, lower and upper limits of –1.34 and 1.78 
l/min (95% CI, ±0.27 l/min) were found. The percentage errors between EV-CO 
and PA-CO or PiCCO-CO were 26.5% and 26.4%, respectively.
Conclusions: The values of cardiac output were statistically comparable between 
the groups. Therefore, electrical velocimetry is a suitable method to evaluate 
haemodynamic variables with clinically acceptable accuracy.

18

1Departments of Intensive Care Medicine and Anaesthesiology, University 
Hospital RWTH Aachen, Aachen, and 2Department of Intensive Care 

Medicine, Helios Klinikum Berlin Buch, Berlin, Germany



ADULT

Comparison of electrical velocimetry and 
transoesophageal doppler echocardiography for 

measuring stroke volume
C. Schmidt, G. Theilmeier, H. Van Aken, P. Korsmeier, 
S. P. Wirtz, E. Berendes, A. Hoffmeier, and A. Meissner

Background: Impedance cardiography (ICG) has been used extensively to 
estimate stroke volume (SV) and cardiac output (CO) from changes of thoracic 
electrical bioimpedance (TEB). However, studies comparing ICG with reference 
methods have questioned the reliability of this approach. Electrical velocimetry 
(EV) provides a new algorithm to calculate CO from variations in TEB. As the 
transoesophageal Doppler echocardiographic quantification of CO (TOE–CO) has 
emerged as a reliable method, the purpose of this study was to determine the 
limits of agreement between CO estimations using EV (EV–CO) and TOE–CO.
Methods: Standard ECG electrodes were used for non-invasive EV–CO 
measurements. These were placed on 37 patients scheduled for coronary artery 
surgery necessitating transoesophageal echocardiography monitoring. Simultane-
ous EV–CO and TOE–CO measurements were recorded after induction of anaes-
thesia. EV–CO was calculated using the Bernstein–Osypka equation. TOE–CO 
was measured across the aortic valve using continuous-wave Doppler echocar-
diography and a triangular orifice model.
Results: A significant high correlation was found between the TOE–CO and the 
EV–CO measurements (r2=0.86). Data were related linearly. The slope of the line 
(1.10 (SE 0.07)) was not significantly different from unity, and the point at which it 
intersected the ordinate (-0.46 (0.32) litre min-1) was not significantly different from 
zero. Bland–Altman analysis revealed a bias of 0.18 litre min-1 with narrow limits of 
agreement (-0.99 to 1.36 litre min-1).
Conclusions: The agreement between EV–CO and TOE–CO is clinically accept-
able, and these two techniques can be used interchangeably.

Department of Anaesthesiology and Surgical Intensive Care Medicine 
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Electrical cardiometry demonstrates the 
hemodynamics of autotransfusion and aortocaval 

compression during labor 
J. Ballas, K. Mantell, and T. Archer

Introduction: Avoiding aortocaval compression (ACC) by the gravid uterus is an 
important component of obstetrical management.  Changing maternal position is 
one of the cardinal maneuvers taught for the treatment for hypotension and fetal 
bradycardia, however, the use of such maneuvers is empirical at best since 
real-time detection of ACC has been largely absent from the literature.  Electrical 
cardiometry (EC), which derives stroke volume from an impedance cardiography 
signal, provides a non-invasive, real-time method of measuring maternal cardiac 
output (CO) and thereby detecting ACC. 
Materials and Methods: The Cardiotronic Aesculon Electrical Cardiometry 
system (1) was used to measure cardiac index (CI), stroke index (SI) and heart 
rate (HR) in laboring women in various positions:  R90 = full right lateral decubitus, 
R30 = 30 degree right tilt, L90 = full left lateral decubitus. These measurements 
were correlated with uterine contractions from external or internal tocometry . CI 
was sampled every 10 seconds and values with a Signal Quality Index (SQI) > 60 
were used.
Discussion: We hypothesize that: 1) AT waves of increased CI are due to 
autotransfusion in the presence of an open  IVC,  2) the size of the AT wave 
depends on the strength of the contraction,  3) ACC in certain maternal positions 
causes the CI to decrease and  AT waves to disappear,  4) L90 is not always the 
optimum position for relieving ACC, 5) During labor, maximization of  CI and the 
appearance of  AT waves  may be a useful marker for the relief of ACC.  Possible 
benefits of CI-guided positioning in labor are: maximal venous return, maximal 
arterial and minimal uterine venous pressures, especially in the setting of neuraxial 
anesthesia, maximal placental perfusion and fetal oxygenation, maximal oxygen 
delivery to myometrium, with improved uterine function in labor. Additionally, 
uterine contractions, like positive pressure ventilation, present the heart with 
periodic increased venous return. Analyzing HR and SI during AT waves may yield 
insights into myocardial stiffness, function and volume status (Starling Curve).
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Umbilical artery S/D ratios and maternal systemic 
vascular resistance are correlated in patients at risk 

for preeclampsia
R. Ghashghaei, D. Woelkers, J. Ballas, K. Mantell, 

and T. Archer

Introduction: Decreased umbilical artery diastolic flow, as evidenced by an 
increased systolic/diastolic flow velocity ratio (S/D ratio), is a hallmark of placental 
dysfunction and is often present in preeclamptic pregnancies. Defective placenta-
tion in preeclampsia is also associated with the production of “anti-angiogenic 
factors” such as sFLT-1 and soluble endoglin, which  enter the maternal circulation 
and increase arteriolar tone and  systemic vascular resistance. Using  Doppler 
ultrasonography and electrical cardiometry (a new impedance cardiometry 
algorithm), we attempted to correlate umbilical artery S/D ratio and maternal 
systemic vascular resistance index (SVRI).
Materials and Methods: Seventeen patients at risk for preeclampsia were evalu-
ated at 22-25 weeks gestational age with Doppler ultrasonography and electrical 
cardiometry (EC), to measure  umbilical artery  (UA) S/D ratio and maternal  hemo-
dynamics, respectively. The Cardiotronic Aesculon EC system was used to 
measure mean arterial pressure (MAP), cardiac index (CI ) and systemic vascular 
resistance index (SVRI) in three patient positions adopted during sonography: 
supine (SUP), 45 degrees, right decubitus (RDCUB) and 45 degrees, left decubi-
tus (LDCUB). Time spent in each position was approximately 5 minutes. Blood 
pressure was taken automatically by cuff on the patient’s left arm at least twice in 
each position and averaged. SVRI was computed from the CI, MAP and an 
assumed CVP = 6. Sampling time for CI was 10 seconds and values with a Signal 
Quality Index (SQI) > 60 were used.
Discussion: We found a correlation between S/D ratio and maternal systemic 
vascular resistance index (SVRI) in 17 patients at risk for developing preeclamp-
sia. Maternal supine SVRI and CI are significantly correlated with UA S/D ratio 
(Figures 1-3). This correlation is plausible since a diseased placenta may offer 
both increased resistance to the fetal circulation and release mediators which 
increase maternal SVRI. MAP is less correlated with UA S/D ratio, perhaps 
because of baroreceptor compensation. We also found that patient position has a 
short term effect on maternal SVRI. SVRI is lower and CI is higher in the LDCUB 
position than in other positions. MAP is highest in the supine position. This short 
–term positional variation in SVRI may be due to activation of the sympathetic 
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nervous system (SNS) by aortocaval compression, even at 22-25 weeks gesta-
tion. We speculate that unrecognized ACC may confound attempts to use SVRI to 
predict or manage preeclampsia, since ACC may have the short term effect of 
increasing SVRI by activating the sympathetic nervous system, independently 
from any longer term effects of placenta-derived mediators on SVRI. We further 
speculate that, if SVRI is to be used as an index of maternal endothelial dysfunc-
tion, it may be best to measure SVRI in a position that minimizes ACC and SNS 
activation. That position usually will be the full left lateral decubitus position, or if 
that position is not feasible, the LDCUB position (45 degrees tilted to the left).

Figure 1

Figure 2

Figure 3

Figures 1-3: Higher umbilical artery S/D ratios are associated with higher 
systemic vascular resistance indices (SVRI) and lower cardiac indices (CI), but 
less associated with higher MAP.
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SUP SVRI against UA S/D Ratio
Pearson’s r = 0.8752, r2 = 0.7660; p = 0.00000

Spearman’s p = 0.0184

SUP CI against UA S/D Ratio
Pearson’s r = 0.06160, r2 = 0.3794; p = 0.0085

Spearman’s p = 0.0009

SUP MAP against UA S/D Ratio
Pearson’s r = 05379, r2 = 0.2894; p = 0.0259

Spearman’s p = 0.5414

SUP MAP

SUP MAP

SUP MAP
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Electrical Cardiometry demonstrates heart failure 
and recovery after delivery

T. Archer and Z. Rangwala

Abstract: A parturient with von Willebrand’s Disease, type 2b and inadvertent 
preoperative iatrogenic fluid overload underwent cesarean section under general 
anesthesia. Shortly after delivery, hypoxemia, diffuse rales and wheezing devel-
oped. Electrical Cardiometry, a new method for measuring hemodynamics 
non-invasively, demonstrated decreased stroke and cardiac indices, corroborating 
a diagnosis of acute left ventricular failure. The patient was diuresed and her 
clinical picture and hemodynamic parameters improved. Electrical Cardiometry is 
a promising non-invasive technology for estimating stroke volume and cardiac 
output in an awake parturient.
Conclusion: Electrical Cardiometry, a new method for measuring hemodynamics 
non-invasively, demonstrated that acute hypoxemia, wheezing and rales after 
cesarean delivery under general anesthesia were associated with decreased 
stroke and cardiac indices. This observation corroborated the tentative diagnosis 
of acute left ventricular failure. The patient’s clinical condition and hemodynamic 
parameters normalized after deepening anesthesia and diuresis. Electrical Cardi-
ometry offers promise as a non-invasive means of estimating stroke volume and 
cardiac output.

Intubation and incision (I/I) at 1325 are followed by delivery and oxytocin administration 
(Del/oxy) at 1330. At 1336 hypoxemia, wheezing and rales develop, associated with 
decreased stroke and cardiac indices, suggesting left ventricular failure. Furosemide at 1342 
is followed by diuresis, clinical improvement and increased stroke and cardiac indices. nSI = 
nominal stroke index, nCI = nominal cardiac index. 
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