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Diagnostic performance of electrical cardiometry
(ICON) parameters in predicting fluid responsiveness
in critically ill pediatric patients
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Abstract

Background Fluid resuscitation with appropriate and adequate
amounts is very important in treating critically ill children,
so reliable hemodynamic monitoring methods are needed to
prevent fluid overload. Contractility index (ICON) is a novel,
non-invasive index of left ventricular (LV) function, and contrac-
tility related to the electrical cardiometry device (ICON®). The
ICON® offers a non-invasive hemodynamic monitoring method
to assess volume status, but its validity in predicting fluid response
in the Indonesian pediatric population remains unknown.
Objective To determine the diagnostic performance of I[CON-
derived parameters, especially change of cardiac output (ACO)
and change in contractility index (AICON), in predicting fluid
response, using change of stroke volume (ASV) as a reference
standard.

Methods A cross-sectional study was conducted in pediatric emer-
gency and intensive care settings. Children aged 1 month to 18
years requiring fluid resuscitation were included. Hemodynamic
parameters were measured using I[CON® before and after a 10
mL/kg fluid bolus of crystalloid. Fluid responsiveness was defined
asa >10% increase in ASV. Changes in parameters were analyzed
using paired statistical tests. The ROC analysis was used to assess
the diagnostic accuracy of CO and ICON.

Results Sixty-three subjects were analyzed. Significant median
changes were observed after fluid bolus administration based on
pre- and post-bolus comparison in change of heart rate (AHR:
-8 bpm, P<0.001), change of systolic blood pressure (ASBP: +3
mmHg, P=0.042), change of diastolic blood pressure (ADBP:
+2 mmHg, P=0.012), change of mean arterial pressure (AMAP:
+0.67 mmHg, P=0.009). The ROC analysis showed that CO had
the highest AUC (0.878), with a cut-off of 5.35%, sensitivity of
78.3%, and specificity of 87.2%. The ICON showed moderate
accuracy (AUC 0.757), with a 0.45% cut-off, 69.6% sensitivity,
and 71.8% specificity.

Conclusion Electrical cardiometry (ICON®) demonstrated
measurable changes in objective hemodynamic parameters fol-
lowing fluid bolus administration in critically ill children. Among
ICON-derived parameters, a 5.35% increase in CO showed the
best predictive performance for fluid responsiveness, while ICON
showed moderate diagnostic value. These findings support the
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clinical utility of electrical cardiometry as a non-invasive tool to
guide volume management in pediatric critical care. [Paediatr
Indones. 2025;65:480-7; DOI: https://doi.org/10.14238/
pi65.6.2025.480-7 |.
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ptimal fluid management is one of the
most critical components during the
early stabilization phase in children
experiencing shock. Administration of
fluid boluses remains the first-line intervention in
children with hemodynamic instability to restore
effective circulating volume and improve tissue
perfusion. However, both under-resuscitation and
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fluid overload have been independently associated
with adverse outcomes such as prolonged mechanical
ventilation, worsening oxygenation, and increased
mortality.! This balance highlights the importance of
accurate, real-time assessment tools to guide volume
administration in children.

Traditionally, clinicians have relied on static
hemodynamic indicators, including traditional
markers including measures such as heart rate,
arterial systolic pressure, and central venous pressure,
to determine the need for fluid administration.
However, these indicators are widely considered
to be insufficiently accurate for assessing volume
responsiveness, especially in the pediatric population,
who often maintain perfusion through compensatory
mechanisms even in the face of hypovolemia.?3
Invasive methods such as thermodilution via
pulmonary artery catheterization or arterial pressure
waveform analysis can offer more precise assessments,
but these techniques are often technically difficult,
carry risks, and may not be feasible or appropriate
in pediatric settings.*> Therefore, a non-invasive
hemodynamic monitoring method that can be carried
out quickly, is valid and has high reliability, is needed.

Opver the past decade, there has been growing
utilization of non-invasive techniques for monitoring
hemodynamics in pediatric emergency and intensive
care settings. One such modality is electrical
cardiometry (ICON®), which has emerged as a
potentially valuable approach. This technique
estimates stroke volume (SV), cardiac output (CO),
and a contractility-related index known as the ICON
through continuous analysis of thoracic bioimpedance.
It allows for continuous, non-invasive assessment and
is easy to operate at the bedside. Several validation
studies have shown that ICON® correlates reasonably
well with echocardiography and other established
modalities in both term neonates and children.®’
Despite its potential, the role of ICON® in predicting
fluid responsiveness, defined as a significant increase
in stroke volume following fluid administration, has
not been thoroughly explored in Indonesian pediatric
populations.

According to the Frank-Starling principle, an
increase in stroke volume (ASV) of =10% following
fluid administration is commonly used to define
fluid responsiveness.® Although transthoracic
echocardiography (TTE) is considered the gold

standard for stroke volume measurement, its routine
application in acute pediatric settings is limited by
operator dependency and availability. Therefore,
many clinical studies have adopted ASV measured
by validated non-invasive devices (e.g., USCOM) as
a practical reference. In this study, ASV (=10%) was
used as the reference standard for fluid responsiveness.
fluid responsive when stroke volume (ASV) increases
by 10% or more after fluid administration, a threshold
supported by the Frank-Starling principle. While
several studies have evaluated dynamic predictors
such as SV variation or passive leg raise tests in adults,
pediatric-specific data remain limited. In particular,
it is unclear whether ICON®-derived parameters
such as CO or ICON can reliably predict fluid
responsiveness in children receiving fluid boluses in
the intensive care setting. Therefore, the objective of
this study was to evaluate the diagnostic performance
of two ICON®-derived parameters, CO and ICON,
for identifying fluid responsiveness in severely ill
children, using a =10% rise in stroke volume ( ASV)
as the reference standard.

Methods

This observational cross-sectional study was carried
out in the Pediatric Emergency and Intensive Care
Units of Cipto Mangunkusumo General Hospital,
a tertiary referral hospital in Jakarta, Indonesia.
Critically ill pediatric patients, aged 1 month to
18 years, who were admitted between March and
September 2017 with hemodynamic problems or
shock necessitating fluid resuscitation and those
receiving mechanical ventilation, were screened for
eligibility and enrolled the study. Children who had
kidney failure, congestive heart failure, congenital
heart disease, arrhythmia (abnormal heart thythm),
and contraindications to fluid bolus therapy were
excluded from this study. Patients were consecutively
recruited until the sample size was reached within the
study period.®

All articipants received a standardized 10 mL/
kg crystalloid fluid bolus administered over 15-30
minutes. Hemodynamic parameters, including heart
rate (HR), systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean arterial pressure (MAP),
SV, CO, and ICON, were non-invasively measured
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using the [CON® device before and immediately after
fluid administration.

The ICON® monitor functions by positioning
four surface electrodes on the left side of the body,
four surface electrodes placed at the left forehead, the
base of the neck, the left thorax, and the left thigh
(Figure 1). Prior to data collection, signal strength
was verified to ensure at least 100% signal quality.
The upper electrode pair transmits a low-amplitude,
high-frequency alternating current that is harmless to
the patient. The device detects changes in thoracic
electrical bioimpedance resulting from pulsatile red
blood cell movement during the cardiac cycle. These
bioimpedance changes are captured between the
paired sensors. The ICON® system uses a complex
proprietary algorithm to calculate beat-to-beat
hemodynamic parameters such as stroke volume and
cardiac output continuously and non-invasively.

Fluid responsiveness was defined as a = 10%
increase in stroke volume (ASV), consistent with the
Frank-Starling principle.!! Changes in hemodynamic

parameters were analyzed using paired statistical tests
(e.g., Wilcoxon signed-rank test for non-normally
distributed data). Receiver operating characteristic
(ROC) curve analysis was performed to assess the
diagnostic accuracy of CO (percent change in cardiac
output) and ICON (change in contractility index),
with calculation of area under the curve (AUC),
optimal cut-off values, sensitivity, and specificity using
the Youden index.

All participants, parents, or guardians provided
written consent, and the study was approved by the
Faculty of Medicine, University of Indonesia, and the
Dr. Cipto Mangunkusumo Human Rights Committee
for research involving humans. We used secondary
data from a previous cross-sectional study that
evaluated fluid responsiveness in critically ill children
by comparing ICON® with USCOM®, a well-validated
non-invasive device commonly used as a reference for
stroke volume measurement.8 Data were analyzed
using SPSS software, with statistical significance set
at P<0.05.

Figure 1. lllustration of sensor placement for the ICON® monitor.

The first electrode is positioned on the forehead, the second at the left base of the neck,
the third on the left side of the chest near the xiphoid level, and the fourth on the left thigh.
(Adapted from the ICON® user manual
with permission from Markus Osypka, Osypka Medical Inc., Germany.)
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Results

This study included 62 pediatric patients who met the
eligibility criteria and were recruited as participants.
The participants had a median age of 12.5 months,
ranging from 1 to 168 months, with a slightly higher
proportion of females (56.5%) compared to males
(43.5%). The median body weight was recorded at 7.7
kg, with values ranging between 3 and 45 kilograms,
with a median body surface area recorded at 0.4 (range
0.2-1.4) m2. For those who underwent mechanical
ventilation, the median tidal volume administered was
7 (range 5-10) mL/kg of body weight. The majority
of subjects (66.1%) required mechanical ventilation,
whereas 33.9% were not ventilated. Among the
ventilated group, 65.8% received pressure-controlled
mandatory ventilation (P-CMV), 29.3% were
managed with pressure-synchronized intermittent
mandatory ventilation (P-SIMV), and 4.9% received
pressure support-continuous positive airway pressure
(PS-CPAP). Among non-ventilated patients, only
28.5% responded to fluid resuscitation, while 71.4%
did not. In the P-CMV group, 37.1% showed a
positive fluid response, and 62.9% did not. In contrast,
41.7% of P-SIMV patients responded to fluids, while
58.3% did not. All patients in the PS-CPAP group (2
patients) responded to fluid challenge. Most patients
received fluid boluses for hypovolemic shock (71%),
while the remainder had septic shock (29%). The
most common underlying diagnoses were diarrhea
(30.6%), postsurgical states (22.6%), and encephalitis
or neurological disorders (19.4%). Other diagnoses
included respiratory disorders (12.9%), tetanus
(4.8%), sepsis (3.2%), fulminant hepatitis (3.2%), and
acute kidney injury (3.2%) (Table 1).

Following fluid administration of 10 mL/kg BW),
several clinical and hemodynamic parameters showed
statistically significant changes. There was a notable
decrease in heart rate, with a median change of
-8 (range -45 to +12) bpm (P<0.001). Systolic blood
pressure increased by a median of +3 (-27 to +63)
mmHg (P=0.042), diastolic pressure increased by +2
(-22 to +41) mmHg (P=0.012), and MAP showed a
median increase of +0.67 (-19.33 to +36.33) mmHg
(P=0.009) (Table 2).

To evaluate the diagnostic performance of
electrical cardiometry-derived parameters, ROC curve
analysis was conducted using fluid responsiveness

defined as an increase in stroke volume (ASV) =10%
as the reference standard. The percent change in
ACO demonstrated strong discriminative ability to
identify responders, with AUC of 0.878, a cut-off
value of 5.35%, sensitivity of 78.3%, and specificity
of 87.2%. In addition, the percent change in ICON
showed moderate diagnostic accuracy, with an AUC
of 0.757, a cut-off of 0.45%, sensitivity of 69.6%, and
specificity of 71.8% (Table 3 and Figure 2).

Discussion

This study demonstrates the utility of electrical
cardiometry (ICON®) as a valuable non-invasive
tool for assessing fluid responsiveness in critically
ill pediatric patients. The CO (percent change in
cardiac output) was the most accurate predictor of
fluid responsiveness, with an AUC of 0.878, sensitivity
of 78.3%, and specificity of 87.2%, at a cutoff of
5.35%. Change in the index of contractility (ICON)
showed moderate diagnostic performance (AUC
0.757), with a sensitivity of 69.6% and specificity of
71.8%, at a 0.45% cut-off. These findings reinforce
the clinical applicability of ICON as a bedside
monitoring device to guide fluid resuscitation in
pediatric intensive care contexts.”? The ICON®
operates based on electrical bioimpedance across the
thorax, detected through electrodes positioned at
the forehead, neck, thorax, and thigh, which capture
changes in erythrocyte alignment during cardiac
cycles. During systole, erythrocytes align with blood
flow, reducing thoracic impedance and increasing
electrical conductivity, whereas during diastole,
random orientation increases resistance. These
changes are translated into stroke volume and CO
in real time.!° This continuous, beat-to-beat analysis
enables dynamic monitoring of cardiovascular status
without the inherent risks of invasive methods - an
advantage particularly important in pediatric care,
where patient vulnerability often limits the feasibility
of invasive monitoring techniques.?!!

Electrical cardiometry (ICON®) functions
through the application of four surface electrodes:
with electrode placement involving four sensors
placed at the left forehead, the base of the neck,
the left thorax, and the left thigh. These electrodes
continuously monitor thoracic electrical conductivity
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Table 1. Baseline characteristics of study subjects

Characteristics (N=62)
Median age (range), months 12.5 (1-168)
Gender, n (%)

Male 27 (43.5)

Female 35 (56.5)
Median body weight (range), kg 7.7 (3-45)
Median body surface area (range), m2 0.4 (0.2-1.4)
Median tidal volume (range), mL/kg BW* 7 (5-10)
Mode of mechanical ventilation, n (%)

Mechanical ventilation 41 (66.1)

No mechanical ventilation 21 (33.9)
Type of mechanical ventilation, n (%)

P-CMV 27 (65.8)

P-SIMV 12 (29.3)

PS-CPAP 2(4.9)
Mode of mechanical ventilation, n (%)

Responded to fluid resuscitation 6 (28.5)

Not respond 15 (71.4)
Mode of mechanical ventilation: P-CMV, n (%)

Responded to fluid resuscitation 10 (37.1)

Not respond 17 (62.9)
Mode of mechanical ventilation: P-SIMV, n (%)

Responded to fluid resuscitation 5(41.7)

Not respond 7 (58.3)
Mode of mechanical ventilation: PS-CPAP, n (%)

Responded to fluid resuscitation 62 (100)

Not respond 0(0)
Indication for fluid challenge, n (%)

Hypovolemic shock 44 (71.0)

Septic shock 18 (29.0)
Underlying diseases and disorders, n (%)

Tetanus 3 (4.8)

Respiratory disorder 8 (12.9)

Diarrhea 19 (30.6)

Encephalitis/neurological 12 (19.4)

Sepsis 2(3.2)

Fulminant hepatitis 2(3.2)

Postsurgery 14 (22.6)

Acute kidney injury 2(3.2)

P-CMV=pressure-control mandatory ventilation; P-SIMV=pressure-synchronized
intermittent mandatory ventilation; PS-CPAP=pressure support-continuous
positive airway pressure; *only measured in ventilated patients

by delivering a low-intensity, high-frequency electrical
current through the thoracic cavity. The system
detects impedance changes that occur due to
physiological factors influencing blood flow dynamics.
Specifically, ICON® measures conductivity variations
that correspond to the directional arrangement of
erythrocytes in the aorta during different phases of
the heartbeat. In systole, these cells orient themselves
along the flow of blood, enhancing conductivity and
lowering thoracic impedance.!” In contrast, during
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diastole, their orientation becomes disorganized,
which increases resistance to current flow and reduces
conductivity. These changes in thoracic bioimpedance
are processed by a proprietary algorithm, allowing real-
time assessment of hemodynamic parameters such as
stroke volume and cardiac output.111

The significant post-fluid bolus changes in
hemodynamic parameters, particularly the decrease
in heart rate (AHR: -8 bpm, P<0.001) align with
the Frank-Starling mechanism, in which fluid



Kurniawan Taufiq Kadafi et al.: Diagnostic performance of electrical cardiometry (ICON®) parameters

in predicting fluid responsiveness in critically ill pediatric patients

Table 2. Pre- and post-bolus comparison

Clinical parameter of shock Median (range) P value
AHeart rate, bpm -8 (-45-12) <0.001
ASystolic blood pressure, mmHg +3 (-27 - 63) 0.042
ADiastolic blood pressure, mmHg +2 (-22 - 41) 0.012
AMean arterial pressure, mmHg +0.67 (-19.33 - -36.33) 0.009

Table 3. ROC analysis results for CO and ICON

Variables AUC Cut-off (%) Sensitivity (%) Specificity (%)
ACO 0.878 5.35 78.3 87.2
AICON 0.757 0.45 69.6 71.8

ACO=percent change in cardiac output before and after fluid bolus; AICON=percent change in ICON
index (myocardial contractility) before and after fluid bolus
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Figure 2. ROC analysis results for CO and ICON

administration enhances cardiac preload and
output in responsive patients.8 Traditional static
parameters such as blood pressure showed only
marginal improvements (ASBP: +3 mmHg, ADBP:
+2 mmHg), reinforcing their limitations in predicting
fluid responsiveness.>* The ICON®’s ability to provide
continuous, dynamic data addresses these limitations,
offering a practical alternative to invasive methods
like pulmonary artery catheterization.”12

The strong performance of increased CO suggests
it could serve as a reliable screening tool for fluid
responsiveness, while change in ICON, with its higher
specificity, could assist in recognizing individuals who
are potentially at higher clinical risk of fluid overload,
particularly in cases of myocardial dysfunction.! This
dual-parameter approach mirrors strategies used in
adult critical care, where combining flow-based and
contractility markers improves fluid management
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precision.!>4 However, pediatric-specific validation
remains essential due to developmental differences in
cardiovascular physiology.!415:16

The clinical implications of these findings should
be noted. First, CO cutoff of 5.35% provides a clear
threshold for clinicians to identify fluid-responsive
patients, potentially reducing unnecessary fluid
administration.!11718 Second, the moderate ICON®
specificity from the index of contractility suggests it
could be particularly useful in patients with suspected
cardiac dysfunction, where fluid overload carries
greater risks.!?20 Third, the non-invasive nature of
ICON® makes it suitable for repeated measurements,
allowing for dynamic assessment of fluid status.”21:22

Interestingly, a previous study in adult ICU
patients using electrical cardiometry reported that a
ACO threshold of 12.5% was effective in predicting
fluid responsiveness. This cut-off demonstrated strong
diagnostic performance, reflected by an AUC of 0.90,
with 90% sensitivity and 70% specificity.2> Compared
to our pediatric cohort, the cut-off we identified
(5.35%) was substantially lower, yet maintained
comparable diagnostic accuracy (AUC 0.878). This
discrepancy may reflect developmental differences
in cardiovascular physiology, as children have
smaller intravascular volumes and more compliant
myocardium, potentially requiring less absolute
volume shift to generate meaningful cardiac output
changes. Additionally, our study demonstrated higher
specificity, which may enhance clinical decision-
making when aiming to avoid fluid overload in
critically ill children.23-25

Despite these strengths, the study has limitations.
The single-center design and lack of multivariate
analysis may affect generalizability. Additionally, the
absence of a DeLong test to statistically compare
AUCs means the superiority of CO over the index of
contractility should be interpreted cautiously. Future
multicenter studies with larger cohorts should explore
additional ICON®-derived parameters (e.g., thoracic
fluid content) and validate these findings in diverse
pediatric populations.
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