Evaluation of the use of bioimpedance spectroscopy and a 3-compartment model to monitor body composition in paediatric dialysis patients
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Introduction: Bioimpedance monitoring can provide quick, cheap, non-invasive bedside measurements of fluid status with good reproducibility. However, in order to convert extra- and intracellular water (ECW and ICW) volumes to an indication of fluid overload, it has been necessary to compare patients with normal controls of the same age and gender to correct for the effect of adipose tissue on the proportion of water in the extracellular space. This leads to problems in adults dialysis patients usually have low muscle mass. In children, the comparison with normal controls can be even more misleading because they often have low growth.

A recently developed 3-compartment (3C) body composition model uses ECW, ICW and body weight to provide measures of normally hydrated lean tissue, normally hydrated adipose tissue and excess fluid. The underlying assumption that the hydration of normal lean and adipose tissue is constant has been validated in healthy adults with a wide range of body mass index (BMI). This model is used in conjunction with BIS in the commercially available Fresenius Body Composition Monitor (BCM®). The lack of a requirement to compare the patient with a matched control makes this system very attractive for monitoring children.
This project aims to find out if the body composition measurements, particularly excess fluid, provided by the BCM are acceptable for use in the management of children on dialysis.
Methods: The first step in the assessment of the feasibility of using the BCM−3C system in children was to confirm that the hydration of lean tissue and adipose tissue in children is comparable with that in adults. To do this, we needed to plot total hydration, i.e. total body water (TBW) divided by body weight, against percentage body fat for healthy children with a range of body compositions. Extrapolating to 0% body fat will give the hydration of lean tissue, while extrapolating to 100% body fat will give the hydration of adipose tissue. For this part of the study, we collected BCM data together with bone mineral from DEXA, body density from air-displacement plethysmography (ADP) and total body water (TBW) from deuterium dilution (DD) in healthy children aged 6 to 14 years. These measurements also provided a comparison of TBW measured using BCM with the gold standard and allowed us to look for any systematic difference from zero in excess fluid calculated by the BCM−3C system.

Results: 63 children (33 male, median age 10.7, range 6.3 to 14.7 years) completed the tests. The data showed that the model used to obtain ECW and ICW in adults, which includes an adjustment for BMI, required modification as normal BMI varies with age in children and adolescents. After correction, the agreement between TBW measured with BCM and DD showed a small bias (370ml) but the difference was not statistically significant. Tissue hydration measured in these children was slightly higher than in adults, but there was no systematic variation in tissue hydration or the measured excess fluid with age.
Conclusion: The results so far are very encouraging. The BCM software has been modified to eliminate the problems of inappropriate BMI adjustment. The relevance of the slightly elevated tissue hydration in the children measured is under review. BCM measurements are now being carried out routinely in children on dialysis and compared with BIVA (bioimpedance vector analysis) data. Ethical approval has been obtained to collect BCM data in healthy children aged 1 to 6 years to check that they appear normally hydrated.
