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Abstract
Hemodynamic monitoring and categorization of patients based on fluid responsiveness is the key to decisions prompting the use of fluids and 
vasoactive agents in septic shock. Distinguishing patients who are going to benefit from fluids from those who will not is of paramount importance 
as large amounts of fluids used conventionally based on surviving sepsis guidelines may be detrimental. Noninvasive monitoring techniques 
for the assessment of various cardiovascular parameters are increasingly accepted as the current medical practice. Electrical cardiometry (EC) is 
one such method for the determination of stroke volume, cardiac output (CO), and other hemodynamic parameters and is based on changes in 
electrical conductivity within the thorax. It has been validated against gold standard methods such as thermodilution [Malik V, Subramanian A, 
Chauhan S, et al. World J 2014;4(7):101–108] and is being used more often as a point-of-care noninvasive technique for hemodynamic monitoring. 
EC is Food and Drug Administration approved and validated for use in neonates, children, and adults. A meta-analysis in 2016, including 20 
studies and 624 patients comparing the accuracy of CO measurement by using EC with other noninvasive technologies, demonstrated that EC 
was the device that offered the most correct measurements. The article in the current issue of IJCCM by Rao et al. (2020) has extended the use 
of EC to categorize pediatric patients with septic shock into vasodilated and vasoconstricted states based on systemic vascular resistance and 
correlate the categorization clinically. The authors also studied the changes in hemodynamic parameters after an isotonic fluid bolus of 20 mL/
kg was administered. This is a pilot prospective observational study of 30 patients, which has given an insight into physiological rearrangements 
following fluid administration in patients with septic shock.
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Hemodynamic monitoring and categorization of patients based 
on fluid responsiveness is the key to decisions prompting the use 
of fluids and vasoactive agents in septic shock. Distinguishing 
patients who are going to benefit from fluids from those who 
will not is of paramount importance as large amounts of fluids 
used conventionally based on surviving sepsis guidelines1 may be 
detrimental. Noninvasive monitoring techniques for the assessment 
of various cardiovascular parameters are increasingly accepted as 
the current medical practice. Electrical cardiometry (EC) is one such 
method for the determination of stroke volume (SV), cardiac output 
(CO), and other hemodynamic parameters and is based on changes 
in electrical conductivity within the thorax.2 It has been validated 
against gold standard methods such as thermodilution3 and is 
being used more often as a point-of-care noninvasive technique 
for hemodynamic monitoring. 

The EC monitor measures the change in electrical conductivity 
as a small current is passed through the electrodes placed on 
the neck and thorax. The change in electrical conductivity is 
brought about by the alignment of red blood cells from random 
to streamlined state before and after the opening of aortic valve, 
respectively. Using patented algorithms, the EC monitor derives 
peak aortic acceleration, left ventricle ejection time, SV, and cardiac 
index (CI). EC has proven useful for measuring CO in a wide spectrum 
of patient conditions and populations including neonates and 
children; however, its accuracy in measuring absolute values of SV 
has been inconsistent in published research.4,5

Fluid responsiveness in septic shock remains a challenge 
with no one method giving reliable and reproducible results. 
Semiquantitative and quantitative assessments of the preload, 
contractility, and afterload using noninvasive tools have been 

suggested, in conjunction with clinical and laboratory assessments, 
to direct shock management and select between vasopressors, 
vasodilators, and inotropes or a combination of these drugs. 
In a review by Fathi et al.,6 echocardiography, transthoracic/
transesophageal Doppler, and EC were compared. EC had the 
advantage of user independence with the ability for continuous 
monitoring of multiple parameters used for hemodynamic 
monitoring and decision-making. 

Septic shock has various hemodynamic profiles, with children 
presenting with different combinations of changes in CO and 
systemic vascular resistance (SVR) that rapidly change over time.7 
Moreover, it has been found that as much as 50% of patients 
presenting with septic shock will not be fluid responsive from 
early on due to sepsis-induced myocardial depression (SMD) and 
changed sensitivity to adrenergic hormones.8 Mortality can be 
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high in patients with septic shock with persisting low CO after 
fluid resuscitation. Fluid bolus therapy is essential for improving SV 
and hence CO until a certain limit according to the Frank–Starling 
curve. Extra fluids become hazardous, as they accumulate in various 
body tissues including the lungs and the liver manifesting clinically 
with deterioration in condition. Because of all these factors, there 
is a definite need for bedside noninvasive tools to assess fluid 
responsiveness and prevent its overload.

Among the noninvasive methods, the best studied are the 
‘inferior vena cava (IVC) distensibility index for the evaluation of 
preload volume status and fluid responsiveness, measured by 
ultrasound. In septic shock patients, IVC distensibility index values 
of >18% indicate fluid responsiveness with 90% sensitivity and 
90% specificity.9 However, there are many prerequisites that must 
be met to guarantee precise values. It is operator dependent and 
serial measurements are needed. Functional echocardiography 
and Doppler are other tools for noninvasive serial measurements 
of CO and SV and to decide resuscitative fluid bolus therapy and 
assessment of its response. An increase in SV by 10–15% indicates 
fluid responsiveness in septic shock.10 Accurate measurements 
of the SV by these methods are time-consuming, operator 
dependent, and require manual calculations. Thermodilution, 
through a pulmonary artery catheter (PAC), is the gold standard 
method for measurement of CO, but it is invasive, time-consuming, 
and impractical in infants and small-sized children. Validation of 
transthoracic Doppler in children against the gold standard PAC 
thermodilution method has shown conflicting results.11

EC is Food and Drug Administration approved and validated 
for use in neonates, children, and adults. A meta-analysis in 2016, 
including 20 studies and 624 patients comparing the accuracy of 
CO measurement by using EC with other noninvasive technologies, 
demonstrated that EC was the device that offered the most correct 
measurements.12 However, there was a high heterogeneity among 
the individual studies. Furthermore, the accuracy of cardiometry 
may be affected by severe tachycardia or bradycardia, aortic 
regurgitation, chest wall edema, and high-frequency ventilation.

CO-guided fluid therapy has recently been used using 
transpulmonary thermodilution method in young children with 
kidney transplant.13 An algorithm based on CO was used to guide 
the administration of fluids, norepinephrine, and dobutamine, 
which led to favorable renal results and a trend toward less fluids 
in favor of norepinephrine.

The article in the current issue of IJCCM by Rao et al.14 has 
extended the use of EC to categorize pediatric patients with septic 
shock into vasodilated and vasoconstricted states based on SVR 
and correlate the categorization clinically. The authors also studied 
the changes in hemodynamic parameters after an isotonic fluid 
bolus of 20  mL/kg was administered. This is a pilot prospective 
observational study of 30 patients, which has given an insight into 
physiological rearrangements following fluid administration in 
patients with septic shock. 

Clinical examination of their cohort revealed that 19 (63.3%) 
children were having cold shock, out of which 5 (16.6%) required 
reclassification as a warm shock based on CI and SVR readings on 
EC monitor. This discrepancy between cold vs warm shock based 
on clinical examination and objective parameters was also reported 
by Ranjith et al.15 In their study ‘on multimodal hemodynamic 
monitoring of children in septic shock’, 41 of 48 patients (85.5%) 
had vasodilatory shock on invasive blood pressure monitoring 

with pulse pressure of >40  mm  Hg even though 14 (29%) had 
initially been classified clinically as cold shock. Clinical classification 
has been found to be unreliable due to the presence of SMD, 
vasoplegia, and sometimes uncorrected hypovolemia, which can 
lead to peripheral vasoconstriction in a centrally vasodilated state. 

Rao et al.14 have made similar observations by taking into 
consideration SVR values of 1000–1600  dyn sec/cm5/m2 as 
normal, and values below and above these limits as vasodilated 
and vasoconstricted states, respectively. They also observed 
that 5 (16.6%) patients had a pulse pressure of <40  mm Hg on 
IBP monitoring, though were in a vasodilated state based on 
SVR measurements, implying that a pulse pressure of >40  mm 
Hg may not appropriately classify patients into vasodilated state 
if compared with SVR. This finding needs validation in larger 
studies. Fluid responsiveness was also studied based on variation 
in CI in response to volume loading (20 mL/kg normal saline) and 
an increase of 10% was taken as responsive. It was seen in 10 of 
14 (71.4%) patients with vasoconstricted shock while in only 6 
of 16 (37.5%) in the vasodilated group. The clinical parameters 
of heart rate and mean arterial pressure postbolus did not show 
any significant difference in fluid responders as compared to 
nonresponders exposing their limitation in bedside monitoring 
of shock. Fluid responders had better outcomes, higher lactate 
clearance, and lower VIS scores with higher percentage of clinical 
resolution of shock than in nonresponders. 

Patients in vasoconstricted state but unresponsive to fluid 
signified that there are other factors which can affect CI. Sepsis-
induced myocardial dysfunction was noted in these children, 
underscoring the utility of bedside echocardiography. Even in 
the study by Ranjith et al.15 echo analysis led to better judgment 
of intravascular volume and myocardial function in patients with 
fluid refractory septic shock, which ultimately led to improved 
outcomes. 

This study endorses the need for continuous preferably 
noninvasive hemodynamic monitoring for initial classification 
of vasodilated vs. vasoconstricted states with IBP-derived 
pulse pressure or SVR as the additional parameters to clinical 
monitoring. Utility of functional echocardiography in identifying 
patients with SMD who may not benefit from further fluid therapy 
is also highlighted. Though EC has not been used for guiding 
interventions, it provides an insight into the physiological aspects 
of hemodynamic monitoring of children with septic shock. 

Since there is no ideal diagnostic test for hypovolemia, a 
combination of clinical signs, IVC findings, central venous pressure 
(CVP) trends, echocardiographic estimation, EC, and other 
noninvasive bedside assessment methods of preload, contractility, 
and afterload provide a rational guide to fluid therapy and selection 
of appropriate cardiovascular medications. Following the trend of 
hemodynamic parameters instead of individual readings allows 
for personalized management and proper titration of therapy 
over time. With paucity of data analyzing the effect of noninvasive 
bedside hemodynamic monitoring on mortality in children with 
septic shock, adequately powered outcome studies are urgently 
needed.
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