
© 2016 The Egyptian Journal of Cardiothoracic Anesthesia | Published by Wolters Kluwer - Medknow DOI: 10.4103/1687-9090.183223

Invited commentary 23

Fluid challenge in adults as well as paediatric population 
is a classical tool used to assess the volume status and 
is traditionally monitored using clinical variables 
such as heart rate, blood pressure and central venous 
pressure (when available). It has the advantage of 
rapidly improving the volume status of the patient but 
at the same time carries the risk for volume overload, 
especially in patients with cardiac decompensation. 
Use of a passive leg raising test as an alternative to 
fluid bolus has the advantage of simplicity, ease of 
performance and reversibility, especially when being 
performed in low body weight paediatric patients.

Predicting fluid responsiveness can be challenging, 
particularly in children. Even though it is often 
customary to include the basic haemodynamic 
variables to monitor a fluid challenge, the concomitant 
measurements in cardiac index changes after the passive 
leg raising manoeuvre in paediatric population can be 
helpful in predicting who might have an increase in 
cardiac index with subsequent fluid resuscitation [1].

To emphasize the variability of various techniques in 
predicting fluid responsiveness in critically ill children, 
a recent study compared oesophageal Doppler 
system, a pulse contour analysis algorithm system and 
respiratory variations in inferior vena cava diameter. 
Stroke volume index was measured by means of 
transthoracic echocardiography before and after fluid 
challenge to determine fluid responders. Predictability 
of fluid responsiveness was only found in Doppler peak 
velocity of blood flow in the descending aorta [2].

Numerous hemodynamic variables have been proposed 
as predictors of fluid responsiveness in paediatric 
population. A meta-analysis of 12 studies involving 501 
fluid boluses in 438 paediatric patients (age range=1 
day to 17.8 years) suggested that static variables based 
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on heart rate, systolic arterial blood pressure, preload 
(central venous pressure and pulmonary artery occlusion 
pressure), thermodilution (global end diastolic volume 
index), ultrasound dilution (active circulating volume, 
central blood volume, total end diastolic volume, 
and total ejection fraction), echocardiography (left 
ventricular end diastolic area) and Doppler (stroke 
volume index and corrected flow time) did not predict 
fluid responsiveness in children. Respiratory variation 
in aortic blood flow peak velocity was the only variable 
shown to predict fluid responsiveness [3].

Coming to the method of cardiac output (CO) 
assessment in the current study, analysis of the 
literature suggests that the use of electrical impedance 
in paediatric population has evolved over the years. 
Even though the basic principle of applying a high-
frequency, low-amplitude current to the thorax is 
similar, the newer version, referred to as electrical 
cardiometry (EC), is often confused with the traditional 
bioimpedance technology most commonly known as 
impedance cardiography.

Impedance cardiography methods rely on the 
assumption of periodical volumetric changes in 
the aorta to determine stroke volume and CO. In 
contrast, EC contributes the increase in conductivity 
to the change in the orientation of the red blood 
cells to determine the velocity of the blood flow and 
it derives the mean aortic blood velocity using a 
transformation [4].
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Even though EC has been validated against 
the gold standard of the direct Fick method for 
measuring CO noninvasively in paediatric patients 
with congenital heart disease [5], a recent study 
comparing it with oesophageal Doppler suggests 
that it may not be clinically as effective as it is 
thought to be [6].

Use of EC for the assessment of CO in response to 
passive leg raising manoeuvre in the subset of paediatric 
cardiac surgical patients has been less frequently 
reported in the literature. There are studies that have 
reported its use in a similar group of patients.

A study comparing EC and transthoracic echo-
Doppler in 24 neonates after arterial switch operation 
confirmed that EC was not inferior to transthoracic 
echo in postsurgery CO measurements [7].

Another study has demonstrated the equivalence of 
echocardiography and EC in paediatric population 
without congenital heart disease and a bit of 
underestimation in ventricular septal defect patients at 
induction of anaesthesia [8].

Further support to the use of EC comes from 
a recent publication [9] comparing impedance 
cardiography (electrical velocimetry) and transthoracic 
echocardiography for noninvasive CO monitoring in 
critically ill paediatric intensive care patients.

In my opinion, the current study provides a novel and 
simple technique for estimating fluid responsiveness 
in the subset of cardiac critical care patients, which is 
safe and reversible; however, patients who are actively 
bleeding, have circulatory overload, or have intrinsic 
myocardial dysfunction will have to be cautiously 

excluded. Even though there are studies that do not 
support the routine use of EC in the estimation of 
CO in paediatric patients, current evidence supports 
further use and assessment of this technique.

Financial support and sponsorship
Nil.

Conflict of interest
There are no conflicts of interest.

References
 1 Lukito V, Djer MM, Pudjiadi AH, Munasir Z. The role of passive leg raising 

to predict fluid responsiveness in pediatric intensive care unit patients. 
Paediatr Crit Care Med 2012; 13:e155–e160. 

 2 Weber T, Wagner T, Neumann K, Deusch E. Low predictability of three 
different noninvasive methods to determine fluid responsiveness in 
critically ill children. Paediatr Crit Care 2015; 16:e89–e94. 

 3 Gan H, Cannesson M, Chandler JR, Ansermino JM. Predicting fluid 
responsiveness in children: a systematic review. Aneasth Analg 2013; 
117:1380–1392. 

 4 Bernstein DP, Osypka MJ. Apparatus and method for determining an 
approximation of the stroke volume and the cardiac output of the heart. 
US Patent 6,511,438 B2, 2003.

 5 Norozi K, Beck C, Osthaus WA, Wille I, Wesse A, Bertram H. Electrical 
velocimetry for measuring cardiac output in children with congenital heart 
disease. Br J Anaesth 2008; 100:88–94. 

 6 Dubost C, Bouglé A, Hallynck C, Le Dorze M, Roulleau P, Baujard C, 
Benhamou D. Comparison of monitoring performance of bioreactance 
versus esophageal Doppler in pediatric patients. Indian J Crit Care Med 
2015; 19:3–8. 

 7 Grollmuss O, Demontoux S, Capderou A, Serraf A, Belli E. Electrical 
velocimetry as a tool for measuring cardiac output in small infants after 
heart surgery. Intensive Care Med 2012; 38:1032–1039.

 8 Sun Y, Wu C, Wu JZ, Wang SS, Bai J, Zhu M, et al. Noninvasive cardiac 
output monitoring using bioreactance-based technique in pediatric patients 
with or without ventricular septal defect during anesthesia: in comparison 
with echocardiography. Paediatr Anaesth 2015; 25:167–173. 

 9 Blohm ME, Obrecht D, Hartwich J, Mueller GC, Kersten JF, Weil J, Singer D. 
Impedance cardiography (electrical velocimetry) and transthoracic 
echocardiography for non-invasive cardiac output monitoring in pediatric 
intensive care patients: a prospective single-center observational study. 
Crit Care 2014; 18:603. 


