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Determining the ideal weight goal based on 
optimum fluid levels is challenging in children 
undergoing hemodialysis (HD).1 Fluid overload 
stands as a distinct cardiovascular risk factor in 

pediatric HD patients.2 Chronic excess fluid in 
the body is linked to heart-related health issues 
and death. However, excessive removal of 
fluid during HD may lead to cardiac stunning, 
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ABSTRACT

Background. Assessment of volume overload and determination of dry weight are essential for children on 
hemodialysis (HD). This study aimed to compare the effectiveness of lung ultrasound (LUS)-derived B-lines 
and electrical cardiometry (EC)-derived thoracic fluid content (TFC) scores in detecting volume overload in 
pediatric patients undergoing maintenance HD. 

Methods. This cross-sectional study was conducted on 50 patients aged 5 to 18 years, both sexes, with 
kidney failure on maintenance HD three times weekly. Dry weight was determined for each patient by a 
pediatric nephrologist based on a clinical assessment of hydration status (absence of edema, pulmonary rales, 
hypertension, intradialytic hypotension or cramps) and supported by bioimpedance spectroscopy values to 
estimate overhydration. Patients who did not reach dry weight at the end of the session were defined as the 
non-dry weight group (N=21) and those who did were defined as the dry weight (N=29) groups. Correlations 
of B-lines and TFC with clinical parameters and the diagnostic performance of these methods in predicting 
hypervolemia (ROC analysis) were analyzed. 

Results. Before dialysis, TFC and B-line scores did not differ significantly between the dry-weight and non-
dry-weight groups (P>0.05), but were significantly lower after the HD session in the dry weight group than in 
the non-dry weight group (P < 0.001). TFC and B-line scores could significantly predict hypervolemia (areas 
under the curve [AUC]: 0.750 and 0.801, respectively). In the same order the cut off values were >31 kOhm⁻¹ 
and >17, sensitivities were 76.19% and 80.95%, and specificities were 55.71% and 75.86%, respectively. TFC was 
comparable to the B-line score in the prediction of hypervolemia (P=0.585, difference between AUCs=0.050; 95% 
confidence interval: -0.132 to 0.234).

Conclusions. Both LUS and EC are valuable bedside methods for assessing volume overload in pediatric HD 
patients. However, EC is not as dependent on operator skills and may be a valuable tool in clinical practice, 
especially in settings where LUS might be challenging to perform. 

Key words: lung ultrasound, electrical cardiometry, extravascular lung water, hemodialysis, pediatric.

235
2026
5873
68(2)

68
Original Article

March-April

235
2026
ID

VOLUME(ISSUE)
VOLUME

ARTICLE TYPE
January-February

Early View

Sara Mabrouk Elghoul ▪ sara.mabrouk@med.tanta.edu.eg

Received 5th Feb 2025, revised 30th Mar 2025, 22nd Jul 2025, 8th Sep 2025, 5th Dec 2025, accepted 20th Jan 2026.

Copyright © 2026 The Author(s). This is an open access article distributed under the Creative Commons Attribution License (CC BY), 
which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

https://doi.org/10.24953/turkjpediatr
https://orcid.org/0000-0001-6850-1731
https://orcid.org/0009-0002-6399-3233
https://orcid.org/0000-0001-9383-6859
https://orcid.org/0000-0002-1364-4679
https://orcid.org/0000-0003-0814-6728
https://orcid.org/0009-0003-7113-767X
mailto:sara.mabrouk@med.tanta.edu.eg
https://creativecommons.org/licenses/by/4.0/


Elghoul SM, et al Turk J Pediatr 2026; 68(2)﻿: 235-246

The Turkish Journal of Pediatrics ▪ March-April﻿ 2026236

hypotension, and earlier loss of residual kidney 
function.3,4

Optimizing the target weight for children 
undergoing HD is difficult due to multiple 
factors.1 Pediatric dry weight fluctuates due to 
growth and might decrease dramatically during 
illnesses. Dry weight is mainly established by 
clinical evaluation, in which fluid assessment 
is subjective and inaccurate. Dry weight 
represents a clinically determined lowest 
post-dialysis body weight that the patient can 
tolerate without symptoms of hypovolemia.5

In recent years, various non-invasive objective 
techniques have been developed for monitoring 
hemodynamics and assessing fluid status.6 
Lung ultrasound (LUS) detects extravascular 
lung water (EVLW) as an indicator of systemic 
fluid overload in adults receiving HD and 
peritoneal dialysis.7 EVLW may be detected 
with sonography by observing linear artifacts 
from enlarged interlobular septa and other 
subpleural structures.8 The increase in lung 
density is due to transudate, which can 
cause reflection of the ultrasound (US) beam, 
resulting in bright, vertical lines called B-lines 
along the pleural line. The number of B-lines 
can be quantified using LUS and has been 
found to correspond to the amount of EVLW in 
adult patients.1 In euvolemic patients, B-lines 
are typically absent. They may appear before 
clinical symptoms or signs of fluid excess.9

Electrical cardiometry (EC) measures cardiac 
output, thoracic fluid content (TFC), and 
additional hemodynamic parameters. It 
derives cardiac output from thoracic electrical 
bioimpedance (TEB) measurements.10 TEB 
refers to the impedance encountered by high-
frequency, low-amplitude electrical current 
passing through the upper and lower thorax 
electrodes. This measured impedance inversely 
correlates with the volume of thoracic fluids, 
meaning that higher thoracic fluid levels lead to 
reduced TEB values.11

TFC is the combined volume of fluids in the 
chest cavity, including intravascular and 

extravascular fluid. Alterations in TFC may 
indicate changes in total fluid status. Therefore, 
EC values are essential for monitoring thoracic 
blood volume changes during HD sessions.12

Although the effectiveness of LUS and EC in 
detecting volume overload has been compared 
in intensive care units, especially for predicting 
weaning13, studies involving pediatric patients 
undergoing maintenance HD are limited.

Thus, this study aimed to compare the 
effectiveness of EC and LUS in detecting volume 
overload in pediatric patients undergoing 
maintenance HD, using clinically determined 
dry weight as the reference standard.

Materials and Methods

This cross-sectional study was carried out on 
50 patients, of both sexes, aged 5 to 18 years, 
with kidney failure on maintenance HD three 
times weekly. The research was conducted 
from May 2023 to March 2024 after approval 
from the Ethics Committee (approval code: 
36264PR187/4/23 , date: 15/04/2023). Informed 
written consent was obtained from the patients’ 
guardians.

Coexisting interstitial lung disease, atelectasis, 
lung fibrosis, heart failure, and implantable 
cardiac pacemakers or defibrillators were 
deemed exclusion criteria.

All patients underwent medical history taking 
and physical examination. Pre- and postdialysis 
weights were recorded, and their systolic 
and diastolic blood pressure (SBP and DBP) 
values were measured and then presented 
as percentiles.14 In this study, the patients 
did not have residual urine output, and only 
hypervolemic patients before dialysis were 
included.

Interdialytic weight gain (IDWG) was defined 
as the increase in body weight between two 
consecutive hemodialysis sessions and was 
calculated as the difference between predialysis 
weight and the postdialysis weight of the 
previous session.15



EC vs. LUS for Lung Water in Pediatric Hemodialysis

The Turkish Journal of Pediatrics ▪ March-April﻿ 2026 237

Turk J Pediatr 2026; 68(2)﻿: 235-246

Interdialytic weight gain percentage (IDWG %) 
was calculated as follows: [(predialysis weight 
− previous postdialysis weight) / dry weight] × 
100.16

Dry weight was defined as the postdialysis 
weight at which the child is clinically euvolemic, 
with no signs of fluid overload or dehydration.17

Delta weight was defined as the difference 
between postdialysis weight and dry weight.17 
Delta weight percentage (Delta weight %) was 
calculated as [(postdialysis weight − dry weight) 
/ dry weight] × 100.

Dry weight was determined for each patient by 
a single pediatric nephrologist before starting 
the study5, based on a comprehensive clinical 
evaluation of the patients’ hydration status 
and bioimpedance spectroscopy (BIS). The 
clinically proper dry weight was defined as 
the lowest post-dialysis weight a patient could 
tolerate without exhibiting signs or symptoms 
of either overhydration or dehydration during 
or after dialysis. This determination involved 
assessing the patient’s clinical condition, 
including the presence or absence of peripheral 
or generalized edema, chest discomfort, pleural 
effusion, or pulmonary edema. Intradialytic 
symptoms such as muscle cramps, dizziness, 
and hypotension were also reviewed through 
medical records.

The nephrologist’s judgment was further 
supported by reference to dry weight estimated 
using BIS (TANITA MC-980MA-N Plus II, 
Japan, 2018), calculated as the pre-dialysis 
body weight minus the overhydration value 
measured by BIS. The final clinically proper dry 
weight combined clinical insights with BIS data, 
ensuring that the determined weight minimized 
symptoms associated with fluid imbalance.

Hypervolemia was defined as present when 
the patients’ weight was higher than the 
determined dry weight. Patients who reached 
the clinically determined dry weight after 
dialysis were classified as the dry weight 
group, and those who remained hypervolemic 
were classified as the non-dry weight group. To 

minimize potential measurement bias, LUS and 
EC evaluations were conducted by independent 
investigators who were blinded to the clinical 
volume status and BIS measurements. All 
patients in this study were anuric. All patients 
were hypervolemic before the dialysis session 
during which the study interventions were 
performed.

Lung ultrasound evaluation

A physician with expertise in bedside US 
examinations using a SonoScape® system (A6, 
Shenzhen, China) equipped with a Linear 
Probe (6-13 MHz). The thorax was divided into 
12 zones (six on each side: anterior-upper (U) 
R1, anterior-lower (L) R2; lateral-U R3, lateral-L 
R4; posterior-U R5, posterior-L R6; and similar 
zones on the left side: front U-L1, front-L L2; 
lateral-U L3, lateral-L L4; rear-U L5, rear-L L6) 
to check for the presence of A-lines (normal 
transverse shadows) or B-lines. B-lines were 
defined as vertical, hyperechoic artifacts that 
arise from the pleural line and extend to the 
bottom of the screen without fading. The B-line 
score was determined by summing the number 
of B-lines in the 12 lung zones. A higher B-line 
score indicates increased EVLW.18

Electrical cardiometry evaluation

An EC monitor (ICON®, Cardiotronics, Inc., 
La Jolla, CA, USA; Osypka Medical GmbH, 
Berlin, Germany) was utilized. The patients’ 
data were entered. The device measured several 
hemodynamic parameters, such as TFC, cardiac 
index, and systemic vascular resistance. The 
ICON device was linked to 4 electrocardiogram 
electrodes that were applied to the patients’ 
skin after alcohol cleansing. Two electrodes 
were positioned at the left mid-axillary line, 
specifically at the level of the xiphoid process, 
and another 5 cm below this point, one below 
the left ear in the neck, and one just above the 
left clavicular midpoint.

B-lines of LUS and EC parameters were assessed 
30 minutes before and 30 minutes after a single 
mid-week dialysis session. Both approaches 
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were evaluated in terms of their specificity and 
sensitivity.

The patients underwent intermittent HD 
sessions using the Fresenius 4008 B HD machine 
(Germany) with blood flow rate of 5 mL/kg/min. 
The HD sessions utilized polysulphane hollow 
fiber dialyzers appropriate for the patients’ 
surface area (Fresenius F3 = 0.4 m2, F4 = 0.7 m2, 
F5 = 1.0 m2, and F6 = 1.2 m2). Bicarbonate HD 
solutions were utilized, and patients were given 
supportive therapy, including erythropoietin 
injections, oral calcium supplements, one 
alpha agonist, folic acid, and antihypertensive 
medications such as angiotensin-converting 
enzyme (ACE) inhibitors and beta blockers for 
those with hypertension.

The study’s primary outcome was the 
evaluation of volume status in pediatric 
patients on maintenance HD by LUS and EC. 
The secondary outcome was the comparison of 
the specificity and sensitivity of each method.

Sample size calculation

The sample size calculation was performed 
using G*Power 3.1.9.2 (Universität Kiel, 
Germany). According to a previous study19, the 
mean ± SD of the B-line score before HD was 59.6 
± 42.8, and the B-line score after HD was 32.7 ± 
27.9. The sample size was determined based on 
the following considerations: a 0.74 effect size, a 
95% confidence interval (CI), and a study power 
of 95%. Two cases were added to each group to 
compensate for potential dropouts. Therefore, a 
total of 50 patients were recruited.

Statistical analysis

The statistical analysis was performed using 
SPSS version 27 (IBM©, Armonk, NY, USA). The 
Shapiro-Wilks test and histograms were used 
to determine whether the data distribution was 
normal. To evaluate quantitative parametric 
data, expressed as mean ± standard deviation 
(SD), the unpaired Student’s t-test was used. 
Fisher’s exact test or the chi-square test was 
used to evaluate qualitative variables expressed 
as percentages or frequencies. Pearson’s 

correlation analysis was used to determine 
the correlation between quantitative variables. 
Post-dialysis values for SBP percentile, TFC, and 
B-lines were used for the correlation analysis. 
ROC curve analysis was used to determine 
the overall diagnostic performance. Statistical 
significance was defined as two-tailed p values 
less than 0.05.

Results

Eligibility was determined for 61 patients in this 
study. Seven failed to meet the requirements, 
and four refused to participate. The remaining 
50 patients were included in the statistical 
analysis and assigned to the non-dry weight 
group (N = 21) and the dry weight group (N = 
29) (Fig. 1).

Comparison of dry weight and non-dry weight 
groups

Age, sex, and duration of HD were comparable 
between the two groups. Dry weight, pre-
dialysis weight, post-dialysis weight, and 
interdialytic weight gain (IDWG)% (pre-dialysis 
weight - previous post-dialysis weight) were 
similar between the dry and non-dry weight 
groups. Ultrafiltration was higher in the dry 
weight group with a non-significant difference 
(p=0.075). After dialysis, delta weight (post-

Fig. 1. STROBE flowchart of the enrolled patients.
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dialysis weight - dry weight) was significantly 
lower in the dry weight group (p <0.001; Table I).

Before dialysis, SBP percentile did not differ 
significantly. After dialysis, SBP drop was higher 
in the dry weight group but the difference was 
not significant (p=0.06). Before or after-dialysis 
DBP percentiles did not differ significantly 
between groups (Table II).

TFC and B-line scores did not differ significantly 
before dialysis between the two groups. They 
were significantly lower after dialysis in the dry 
weight group than in the non-dry weight group 
(p < 0.001). TFC and B-line score changes were 
significantly greater in the dry weight group 
than in the non-dry weight group (p <0.05; 
Table II, Fig. 2).

Correlation of after dialysis TFC and B-line 
scores with clinical parameters

The correlations of post-dialysis TFC and B-line 
scores with clinical parameters (delta weight 
and after dialysis SBP percentile) among the 
50 patients are given in Table III. TFC and 

B-line scores were positively correlated with 
delta weight (%) (r=0.415, p=0.002 and r=0.475, 
p<0.001; respectively). The B-line score was 
positively correlated with after dialysis SBP 
percentile (r = 0.439, p = 0.001), and TFC was 
also positively correlated with after dialysis SBP 
percentile (r = 0.286, p = 0.043; Table III).

Diagnostic performance of TFC and B-line 
scores in predicting hypervolemia

TFC significantly predicted hypervolemia (p 
<0.001 and area under the curve [AUC] = 0.750) 
with 76.19% sensitivity, 55.71% specificity, 
55.2% positive predictive value (PPV), and 76.2% 
negative predictive value (NPV) at a cut-off>31 
kOhm-1 with a 95% CI of 0.608-0.862. The B-line 
score significantly predicted hypervolemia (P 
<0.001 and AUC = 0.801) with 80.95% sensitivity, 
75.86% specificity, 70.8% PPV, and 84.6% NPV 
at a cut-off>17 (95% CI: 0.664-0.901). TFC was 
comparable to the B-line score in the prediction 
of hypervolemia (p=0.585, difference between 
AUCs=0.050, 95% CI: -0.132 to 0.234; Fig. 3).

Table I. Demographic data, weight, overload percentage pre dialysis and post dialysis of the study groups.
Non-dry weight (n=21) Dry weight (n=29) P value

Age (years) 11.19 ± 3.67 10.86 ± 3.79 0.760
Sex Male 11 (52.38%) 16 (55.17%) 0.845

Female 10 (47.62%) 13 (44.83%)
Duration of HD (years) 4 (2 - 6) 4 (3 - 6) 0.850
Dry weight (kg) 37.7 (28 - 56.5) 37.6 (26 - 47.2) 0.602
Pre-dialysis weight (kg) 39 (29.7 - 58) 38.45 (27 - 48.9) 0.609
Post-dialysis weight (kg) 38.25 (29.3 - 57.1) 37.6 (26.15 - 47.2) 0.473
Ultrafiltration (kg) 1.24 ± 0.21 1.44 ± 0.47 0.075
Delta weight (kg) 1.1 (0.7 - 1.4)  0.1 (0.1 - 0.15) <0.001*
IDWG (%) 3.66 (3.13 - 6.38) 4.42 (3.08 - 5.21) 0.768
Delta weight (%) 2.65 (2.03 - 5.24) 0.29 (0.2 - 0.4) <0.001*
Data is presented as mean ± standard deviation, or median (interquartile range) or frequency (%).
*Significant with p ≤0.05.
HD: hemodialysis
Delta weight= post-dialysis weight - dry weight.
IDWG (interdialytic weight gain) (%)=(Pre-dialysis weight -  dry weight)/dry weight)*100.
Delta weight (%): ((Post - dialysis weight – dry weight)/dry weight) *100.
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Discussion

In this cross-sectional study, we assessed the role 
of different thoracic fluid status measurement 
methods (the LUS-derived B-lines and EC-
derived TFC scores) to evaluate fluid overload 
in pediatric maintenance HD patients. Both 
methods were well correlated with clinical 
parameters of hypervolemia including post-
dialysis residual hypervolemia (delta weight) 
and post-dialysis SBP. The predictive sensitivity 
and specificity of B-lines were 81% and 76%, 
whereas for TFC they were 76% and 55%, 
respectively.

The occurrence of both hypovolemia and 
hypervolemia can negatively impact quality 
of life and contribute to the development of 
chronic cardiovascular disease. Therefore, 
careful adjustment of the prescribed target 
weight in children undergoing HD is crucial to 
minimize the risks of fluid retention.10

Similarly, Paglialonga et al. noted that 
interdialytic BP fluctuations in pediatric cases 
undergoing chronic HD showed significant 
variability. Moreover, BP changes were 
significantly correlated with corresponding 
variations in body weight.20

Table II. Systolic and diastolic blood pressure, TFC and B-line score of the studied groups
Non-dry weight group (n=21) Dry weight group (n=29) p value

Patients using antihypertensive drugs 9 (42.85%) 11 (37.93%) 0.725
Systolic blood pressure (percentiles)

Before 88.24±9.01 86.28±11.44 0.517
After 71.43±15.18 63.17±17.08 0.084
Change -16.81±11.73 -23.1±11.14 0.060

Diastolic blood pressure (percentiles)
Before 83.29±11.37 76.52±17.02 0.120
After 62.14±18.68 53.45±21.88 0.147
Change -21.14±10.05 -23.07±13.72 0.588

TFC (kOhm-1)
Before 44.29±3.91 43.52±4.02 0.503
After 35.38±4.15 31.86±3.54 0.002*
Change -8.9±5.06 -11.66±4.07 0.038*

B-line score
Before 61.9±37.24 58.83±25.29 0.729
After 47.95±30.63 17.34±15.69 <0.001*
Change -13.95±19.94 -41.48±15.98 <0.001*

Data are presented as mean ± standard deviation. TFC: Thoracic fluid content.
*Significant with p ≤0.05.

Table III. Correlation of post-dialysis TFC and B-line scores with clinical parameters
TFC (kOhm-1) (n=50) B-line score (n=50)

Delta weight (%) r 0.415 0.475
p value 0.002* <0.001*

SBP percentiles r 0.286 0.439
p value 0.043* 0.001*

Post-dialysis values for SBP percentile, TFC and B-lines were used for the correlation analysis.
*Significant with p ≤0.05.
r: Pearson correlation coefficient, SBP: systolic blood pressure, TFC: Thoracic fluid content.



EC vs. LUS for Lung Water in Pediatric Hemodialysis

The Turkish Journal of Pediatrics ▪ March-April﻿ 2026 241

Turk J Pediatr 2026; 68(2)﻿: 235-246

In our study, B-line scores were significantly 
lower after dialysis in the dry weight group 
compared to the non-dry weight group, and 
both modalities showed good predictive ability 
for detecting hypervolemia, confirming the 
utility of LUS in assessing fluid status. Our 
results regarding B-lines are consistent with 
previous observations. Arthur et al.21 stated 
that B-line scores were significantly lower 
after dialysis than before dialysis. The B-line 
number decreased by 1.69 between the pre-
dialysis assessment and the midpoint of the 
HD session and by 0.58 between the midpoint 
and the end of the session. Additionally, 
there was a correlation between fluid loss and 
B-line reduction, with each 1 mL/kg of fluid 
loss corresponding to a decline of 0.079 in the 
initial B-line count. Based on these findings, the 

Fig. 2. Upper panel: Lung ultrasound showing A) normal A-lines (arrow) 
with no B-lines in a case in the dry weight group, and B) B-lines (arrow) in 
a case in the non-dry weight group. Lower panel: Cardiometry of a case in 
C) the dry weight group and D) the non-dry weight group.

Fig. 3. ROC curves for thoracic fluid content and B-line 
score in the diagnostic evaluation of hypervolemia.
TFC: Thoracic fluid content.
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researchers concluded that LUS can effectively 
evaluate fluid volume status, as demonstrated 
by the correlation between B-line changes and 
the amount of fluid removed per body weight.

Similarly, Sweed et al.19 found no difference in 
B-line scores between the two groups (the non-
dry and dry weights) before dialysis. However, 
after dialysis, the dry weight group had 
significantly lower B-line scores than the non-
dry weight group. Additionally, there was a 
positive correlation between the total number of 
B-lines before dialysis and interdialytic weight 
gain, pre-dialytic BP, and clinical fluid score. 
Weight loss was correlated with the decline in 
B-line scores.

Additionally, Fu et al.22 stated that the mean 
B-line scores diminished from before HD to 
after HD (23.5 vs. 8.5) in the dry Weight group 
and from before HD to after HD (56.5 vs. 32) in 
the non-dry weight group.

Our study also demonstrated the clinical value 
of TFC as an indicator of fluid status. Within 
our pediatric HD cohort, TFC was significantly 
lower after HD in those who achieved dry 
weight compared to the non-dry weight group. 
This supports the utility of TFC in assessing 
hypervolemia and monitoring fluid removal.

In line with our findings, Wilken et al.23 
studied the effect of HD on EC parameters in 
pediatric patients with kidney failure on HD. 
They found that TFC was significantly lower 
after dialysis than before the dialysis session. 
They concluded that TFC could be used as an 
additional parameter to assess the patients’ 
fluid status. Bioimpedance (comparable to the 
EC parameter TFC) has been studied with other 
devices in the HD setting.24,25

However, it is important to note that EC-derived 
TFC is an indirect measure of thoracic fluid and 
may be influenced by factors other than net fluid 
removal. Transcellular fluid shifts, changes 
in plasma osmolarity, hemoconcentration, 
electrolyte variations, and redistribution 
between intravascular, interstitial, and 
intracellular compartments during HD can 

alter electrical conductivity and affect TFC 
readings independently of actual fluid volume. 
Consequently, TFC values should be interpreted 
with caution, particularly in pediatric HD 
patients, whose fluid and electrolyte shifts 
may be more volatile. Combining EC with 
other direct or imaging-based assessments may 
improve accuracy and reduce misclassification 
of volume status.23

TFC serves as an indicator for both extravascular 
and intravascular thoracic fluid. Nevertheless, 
TFC exhibited a strong correlation with the US 
in estimating EVLW.26 Consequently, a high 
TFC value may serve as an indirect indicator 
of hypervolemia. Prior studies in which TFC 
successfully monitored the hemodynamic 
impact of diuretics substantiate this hypothesis, 
as well as its role in assessing thoracic edema 
in heart failure patients.27 Additionally, TFC 
has been shown to monitor the patients’ body 
weight change and the volume of ultrafiltrate 
extracted during HD.28 TFC and fluid balance 
during cardiac surgery have exhibited a strong 
correlation.29

In line with these findings, Yoon et al. found 
that TFC correlated well with LUS in estimating 
EVLW in neonates with transient tachypnea, 
which is characterized by pulmonary edema 
resulting from delayed resorption and clearance 
of fetal alveolar fluid.30

Another study conducted by El-Fattah et al. 
compared the effectiveness of EC-derived TFC 
and LUS in diagnosing and monitoring 
transient tachypnea of newborns (TTN) in 
late preterm and term infants. The researchers 
demonstrated that both TFC, measured by 
EC and LUS, offer valuable bedside tools for 
diagnosing and managing TTN. Furthermore, 
they found a strong correlation between TFC, 
the LUS score, and the degree of respiratory 
distress characterized by EVLW.31

Despite these strengths, EC has limitations. 
Although EC is considered operator-
independent, its accuracy may be affected by 
factors like skin resistance, electrode placement, 
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and patient movement, which can compromise 
signal quality. Additionally, TFC measured 
by EC is an indirect marker of fluid status and 
does not specifically quantify EVLW. Therefore, 
TFC values should be interpreted cautiously, 
particularly in patients with conditions that 
may influence thoracic conductivity.

Although the ROC analysis revealed that TFC 
measured by EC and the B-line score assessed 
via LUS had similar diagnostic performance in 
detecting hypervolemia (p=0.585), their clinical 
utility and feasibility in routine practice differ 
in important ways. Both methods demonstrated 
moderate to high sensitivity and specificity, 
suggesting that either can be useful in evaluating 
fluid status in pediatric HD patients. However, 
EC offers certain advantages due to its operator-
independence, rapid application, and real-time 
monitoring capabilities. It may be particularly 
useful in settings where trained sonographers 
are not readily available or when continuous 
hemodynamic monitoring is required. 
Conversely, LUS provides direct visualization 
of pulmonary congestion but requires operator 
expertise and may be limited in cases with poor 
acoustic windows (e.g., obesity, subcutaneous 
emphysema).

Thus, while EC and LUS are diagnostically 
comparable, their strengths differ: EC is better 
suited for automated, bedside monitoring, 
whereas LUS remains a valuable imaging 
tool when performed by trained personnel. 
Integrating both methods, when feasible, may 
provide complementary data, improving 
diagnostic confidence and patient management.

One drawback of LUS is its limited specificity 
for B-lines, which makes it challenging to 
distinguish between fibrotic B-lines (associated 
with intralobular or subpleural septal 
thickening) and edematous B-lines (indicating 
intralobular or interlobular septal thickening).32 
Furthermore, EVLW accumulation caused 
by respiratory disease or cardiac failure is 
challenging to distinguish from one another.33 
Additionally, cases of morbid obesity, 
subcutaneous emphysema, pneumectomy, 

or pleurisy in patients may lead to reduced 
precision when employing this technique.34 
Despite its popularity as a valuable instrument 
for lung assessment, the requirement for an 
expert operator restricts the application of 
LUS. Good inter-observer agreement has been 
reported for LUS.35 Nevertheless, it continues 
to be regarded as a subjective and operator-
dependent method.

EC can be used to measure EVLW non-
invasively.36 By monitoring alterations in TEB 
throughout the cardiac cycle, it is possible to 
continuously track the progression of lung 
edema and the reduction in lung water content 
as the condition improves. Without radiation 
exposure, this method can quantify disease 
severity and treatment response.37

Within the cohort of pediatric HD patients, our 
study confirmed that TFC was significantly 
lower after HD in those who achieved dry 
weight compared to the non-dry weight group, 
supporting its utility in assessing fluid status 
and hypervolemia.

The current study was subject to several 
limitations, including a limited sample size 
and its completion at a single location, which 
may hinder the generalizability of the findings. 
Future research involving larger, multi-center 
studies with control groups is recommended. 
Additionally, comparisons with other 
techniques, such as echocardiography and 
BIS, would provide valuable insights. While 
LUS offers direct visualization of pulmonary 
congestion, it is operator-dependent and may be 
limited in patients with poor acoustic windows, 
such as those with obesity or subcutaneous 
emphysema.

Conclusions

While the predictive strengths of EC and LUS 
are comparable, EC is not as dependent on 
operator skills and can detect hypervolemia 
with similar accuracy. EC is a feasible alternative 
to LUS for assessing hypervolemia in pediatric 
HD patients. Given its objectivity and reduced 
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reliance on skilled operators, EC may be a 
valuable tool in clinical practice, especially in 
settings where LUS might be challenging to 
perform.
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