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Abstract

Objective: Bioelectrical impedance analysis is a method used to assess body composition; a non-

invasive test performed using an easy-to-handle portable device used in clinical practice. How-

ever, nonstandard methods in neonates hinder external validation and reliability. Currently,

bioimpedance analysis is performed in newborns with electrodes positioned on the right side of

the body; however, the use of medical devices, including vascular access, can prevent its use.

Methods: An uncontrolled before-after clinical trial comparing resistance and reactance meas-

urements by bioelectrical impedance analysis on both sides was conducted. Measurements were

performed immediately after the randomization of the initial measurement side. The sample

size was calculated by considering a 10% deviation from the mean resistance and reactance val-

ues of previous studies with alpha and beta errors of 10% and 20%, respectively. Binary linear

regression was used to quantify the correlation.

Results: A significant difference was observed between resistance (672.88§ 136.30 vs.

649.22§ 119.59) and reactance (46.34§ 17.99 vs. 44.439§ 19.42) values measured on the right

and left sides, respectively. However, when measured on both sides of the body, resistance and

reactance values showed a good correlation (0.98 for both models, p< 0.001). Positioning the

electrodes on the left side significantly affected the resistance and reactance values measured

by bioelectrical impedance analysis compared with those on the right side.

Conclusion: Electrodes positioned on opposite sides of the body generated different resistance

and reactance values, implying the need to use the right side exclusively for standard position-

ing. This restriction can create difficulties for the routine use of this technique in newborns.

Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1 Introduction

2 Assessing nutritional adequacy in newborns is essential
3 because inadequate nutritional management in the early
4 stages of life has long-term repercussions; however, moni-
5 toring nutritional adequacy can be challenging.1,2 Monitor-
6 ing the quality of weight gain using body composition
7 measurements can help understand the growth and nutri-
8 tional adequacy of newborn infants.1,3,4

9 Among the methods used to assess body composition, bio-
10 electrical impedance analysis is a low-cost, noninvasive,
11 painless, practical, and safe procedure that can be easily
12 performed at the bedside and repeated whenever neces-
13 sary; indirectly assesses the amount of total body water.5

14 Bioelectrical impedance analysis runs an electric current
15 through the body to measure its resistance and reactance
16 and based on these measurements, indirectly calculates the
17 body fluid distribution in the intra- and extracellular spaces,
18 the cell membrane quality, size, and integrity.2,4,6 Bioimpe-
19 dance in newborns is very suitable for measuring body water,
20 but unfortunately, it does not provide results for other indi-
21 ces related to body composition, such as lean or fat-free
22 mass and fat mass.6

23 Currently, in addition to the limited data on bioelectrical
24 impedance analysis for newborn infants, there is no consen-
25 sus on the methodological standard for this test in the pedi-
26 atric population.7,8 In adults, the electrodes are positioned
27 on the right hand and foot.6,9,10 However, the presence of
28 vascular access, monitoring, and supporting equipment on
29 the right side prevents bioelectrical impedance analysis in
30 critically ill children.8,11 This study aimed to compare resis-
31 tance and reactance values measured using bioelectrical
32 impedance analysis with electrodes positioned on opposite
33 sides of the body (right or left) in newborn infants.

34 Methods

35 An uncontrolled before-after clinical trial comparing resis-
36 tance and reactance measurements using bioelectrical
37 impedance analysis with electrodes positioned on the right
38 and left hands and feet of newborn infants. Measurements
39 were taken immediately after randomization of the initial
40 measurement side. The research protocol was approved by
41 the Research Ethics Committee of Federal Fluminense Uni-
42 versity - FM/UFF (approval number 93,549,618.8.00005243)
43 and was conducted in accordance with the tenets of the
44 Declaration of Helsinki.
45 The standardized test for the adult population was
46 adapted for use in newborn infants as follows: the internal
47 arm electrode (red detector) was placed on the dorsal sur-
48 face of the right wrist, between the ulnar and radial bones;
49 the external electrode (black emitter) was placed on the
50 third metacarpal bone; the internal leg electrode was
51 placed on the anterior surface of the ankle, between the
52 prominent portions of the bones; and the external electrode
53 was placed on the surface of the third metatarsal bone. A
54 minimum distance of 5 cm between electrodes was recom-
55 mended for this procedure.
56 During the tests, neither the examiner nor the guardian
57 touched the newborn infant, who was placed in the supine
58 position, with the limbs kept away from the body or metal

59surfaces to avoid random dispersion of the electric current.
60The test lasted for approximately 5 min, and was performed
611.5 h after feeding to prevent emesis or interference with
62digestion when handling the NB. Measurements were not
63performed when the newborn infant was agitated or at an
64abnormal temperature. Newborn infants were carefully
65observed during the tests to detect any clinical changes that
66could interfere with their well-being as soon as possible.
67The resistance and reactance values were measured using
68a Quantum 101Q single-frequency bioelectrical impedance
69analysis device (RJL Systems, USA), which applies a sinusoi-
70dal alternating current of 50 kHz and 800 mA. The device
71was calibrated according to the manufacturer’s specifica-
72tions every 20 assessments.
73The tests were conducted in the neonatal unit of the uni-
74versity hospital. The inclusion criteria were full-term and
75premature newborns of both sexes. The exclusion criteria
76were critically ill newborns, discontinuous skin integrity at
77the electrode placement site, and the use of invasive treat-
78ment devices such as vascular access. Those responsible for
79the eligible newborns signed the consent statement.
80Sample size calculation considered a 10% deviation from
81the mean resistance and reactance values from previous
82studies (60 and 5 ohms, respectively), an alpha error of 10%,
83and a beta error of 20%. The calculated sample size included
8453 resistance and 203 reactance measurements.
85The studied variables were represented as measures of
86central tendency and the means were compared using a
87paired t-test. Binary linear regression was performed by
88forcing the intercept to zero, with resistance and reactance
89measured on the right side as independent variables. Linear
90regression was used to assess the correlation between the
91resistance and reactance values measured on the right and
92left sides, and Bland-Altman scatter plots were plotted. The
93data were analyzed using R statistical and SPSS 16.0 soft-
94ware, at a 5% significance level.

95Results

96In a crossover study, the same measurement was taken twice
97on the same participant at practically the same time (one
98measurement in immediate sequence to the other), elimi-
99nating the possibility that the participant interfered with
100the results, regardless of the sex of the newborn infants,
101gestational age (GA), weight, or any other characteristic
102assessed, because the participant was its own control.
103Table 1 shows the characteristics of the study population.
104Table 2 shows resistance and reactance values measured
105using a single-frequency bioelectrical impedance analysis
106device with electrodes positioned on the right and left sides
107of the newborn infants. A significant difference was
108observed between the resistance and reactance values mea-
109sured on the right and left sides.
110Figure 1 shows Bland-Altman scatter plots (Figure 1a and
111b) and linear regression plots (Figure 1c and d) for resistance
112and reactance measurements using bioelectrical impedance
113analysis with electrodes positioned on the right and left
114sides. The Bland-Altman plots for resistance measurements
115on the right and left sides (Figure 1a and b) showed differen-
116ces between the means, mostly within the defined confi-
117dence interval. For reactance, the graph (Figure 1b) showed

ARTICLE IN PRESS
JID: JPED [mSP6P;April 11, 2025;11:27]

2

T.R. Medeiros, C.B. da Silva, F.N. de Souza et al.



118 a progressively greater dispersion between the measured
119 pairs with higher values. Linear regression plots for the resis-
120 tance and reactance values from the right and left sides
121 (Figure 1c and d) showed a good correlation between the
122 measurements (r-fit = 0.987 and 0.926 for resistance and
123 reactance, respectively, p< 0.001).

124 Discussion

125 This study clearly demonstrated that, unlike the standard-
126 ized method for adults, positioning the electrodes on the
127 left side of the body for bioelectrical impedance analysis in
128 newborns generated different resistance and reactance
129 results, which prevented replacing the right side with the
130 left side for bioelectrical impedance analysis. However, the
131 measurements showed an excellent correlation.
132 The clinical applicability of total body water measurement
133 in newborn infants is indisputable, especially in critically ill
134 premature newborn patients who are more susceptible to
135 developing pathologies associated with excessive fluid adminis-
136 tration, such as bronchopulmonary dysplasia and patent ductus
137 arteriosus, or with hypovolemia, such as arterial hypotension
138 and metabolic acidosis.2,5,12 Therefore, the possibility of using
139 bioimpedance repeatedly allows for strict control of total body
140 water, which is essential for clinical management.12

141 However, the internal and external validity of bioelectri-
142 cal impedance analysis using the currently recommended
143 standardization for adults can generate uncertainty. Another
144 aggravating factor is that critically ill newborn infants often
145 require invasive monitoring and treatment devices, which
146 can hinder resistance and reactance measurements on the
147 right side using bioelectrical impedance analysis.
148 Determination of total body water, body compartment
149 volume, phase angle, and bioelectrical impedance vector
150 analysis add to the arsenal of tests readily available at the
151 bedside to help neonatologists in their clinical decisions.13-15

152 Furthermore, these data are crucial for this population
153 because water homeostasis is not yet fully understood.2

154 Therefore, finding scientific evidence that bioelectrical

155impedance analysis can be used in neonatal intensive care
156units is a major step forward.
157There have been a few studies and publications on bioelec-
158trical impedance analysis during the neonatal period.5,7,8 Pre-
159diction equations for TBW, extracellular water, and fat-free
160mass were initially developed for adults and then extrapolated
161to the pediatric and neonatal populations.16,17 However, these
162populations differ physiologically and anatomically.
163Further studies with optimal internal and external valida-
164tions are necessary to prove the possibility of using this tech-
165nology in the neonatal population. Uncertainties regarding
166the ideal method for measuring resistance and reactance
167values in pediatric and neonatal populations prevent the
168definition of a single standard for bioelectrical impedance
169analysis in newborn infants, which will improve the interpre-
170tation of the results obtained.
171Determining whether electrode positioning on the left
172side affects the resistance and reactance measurements is a
173major limitation to the use of this method because it affects
174the total body water, phase angle, and bioelectrical imped-
175ance vector analysis results in newborn infants, especially
176when they are critically ill and require several devices for
177clinical stabilization. Phase angle and bioelectrical imped-
178ance vector analysis calculations require multifrequency
179devices, which were not used in this study.
180Considering that the equation used to calculate total
181body water[16] includes two anthropometric measurements
182(weight and foot length) and that resistance measurement
183by bioelectrical impedance analysis requires electrode posi-
184tioning on the right side, this study clearly shows the imprac-
185ticality of using single-frequency bioelectrical impedance
186analysis in newborn infants who are ill and require treat-
187ment devices on this side, such as a peripherally inserted
188central catheter or vascular dissections.
189The conclusions of this study cannot be extrapolated to
190other tests with methodology already validated in the litera-
191ture that use bioelectrical impedance analysis to determine
192clinical parameters related to the amount of body fluids, in
193relation to the predetermined body position of the electro-
194des. The results of this study are a warning and can be used as
195a basis for discussion for other researchers who understand

Table 1 Characteristics of newborn infants undergoing reactance (n = 203) and resistance (n = 53) measurements.

Variables Reactance (n = 203) Resistance (n = 53)

Mean § SD Min. and max. value Mean § SD Min. and max. value

Age (days) 12§ 6.0 1-27 14§ 6.6 4-27

Weight (grams) 2190§ 805 885-3775 1861§ 630 1200-3475

GA (weeks) 34§ 3.0 29-41 32§ 2.6 29-41

SD, standard deviation; min, minimum; max, maximum; GA, gestational age.

Table 2 Resistance and reactance values were measured using a single-frequency bioelectrical impedance analysis device with

electrodes positioned on the right and left sides of the newborn infants.

Right side Left side p-value*

Mean § SD Mean § SD Difference between means

Resistance V 672.88§ 136.30 649.22§ 119.59 23.66 0.028

Reactance V 46.34§ 17.99 44.43§ 19.42 1.91 0.044

V, ohms; SD, standard deviation; * paired t-test.
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196 that changing the positioning of the electrodes would be
197 interesting, in some way, for their patients. In this case, I
198 believe that they should review the test methodology in the
199 same way that was evaluated in this study.
200 The resistance and reactance values obtained with bio-
201 electrical impedance analysis electrodes positioned on the
202 right side of the newborn infants differed from those mea-
203 sured with electrodes positioned on the left side. Further
204 studies are required to standardize bioelectrical impedance
205 analysis for neonatal populations.

206 Conflicts of interest

207 The authors declare no conflicts of interest.

208Funding

209The authors declare no specific funding for this work.

210Acknowledgments

211The authors would like to thank the staff for their dedication
212and support, and the patients who participated in the
213research, whose collaboration was essential for this study.

214Editor

215R. Soibelmann Procianoy

Figure 1 Bland-Altman scatter plots (Figure 1a and b) and linear regression plots (Figure 1c and d) for resistance and reactance

measurements using bioelectrical impedance analysis with electrodes positioned on the right and left sides.
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