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ABSTRACT

Bioimpedance analysis is an easy, rapid, cheap, noninvasive, effective, and portable technique that can be utilized in several pediatric
health conditions. The fluid status evaluation, edema, obesity, malnutrition, inflammation, infection, pain, attention deficit/hyperactivity
disorder, nephrourological evaluation, gastroesophageal reflux, and neonatal problems are some of the issues studied with bioimpedance.
As the pediatric-age group is usually difficult to manage, such practical and accurate methods are promising for better results.
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INTRODUCTION

Bioelectrical impedance is a noninvasive, cheap, portable, and accurate analytical technique in which measurements are
taken with regard to the electrical characteristics of biological materials. Impedance is defined as the opposite current
to an alternate electric flow formed with resistance and reactance. It has been especially used in the assessment of fluid
content of tissues by measuring resistance toward the current flow in both infracellular and extracellular fluids. Capaci-
tance between cell membranes and tissues, as well as total fluid of a body segment, is measured. A low-voltage electrical
current is applied, and measurements of body resistance against it are obtained in children, as well as in adults (|, 2). In
children, the method has an advantage of getting several measures rapidly in just a few seconds, as it is generally diffi-
cult to keep children immobile. Bioelectrical impedance methods are bioimpedance spectroscopy (BIS), single-frequency
bioimpedance analysis, and multi-frequency bioimpedance analysis. Although it seems to be a practical diagnostic tool,
few difficulties when applying bioimpedance in the pediatric-age group may be experienced during the placement of
electrodes onto different body parts. Evaluation and interpretation of the observed results are probably another difficult
part of the analysis (3, 4).

MATERIAL and METHODS

We conducted a literature review concerning studies using bioimpedance for diagnosis, especially in the pediatric-age
group. We searched the available studies in the English language and analyzed the data about using bicimpedance in
pediatric health and diseases that have a wide area of utilization.

Fluid Status

Bioimpedance spectroscopy and multi-frequency bioimpedance analysis were used in |12 pediatric hemodialysis patients
to determine the body fluid before and after hemodialysis sessions. Twenty-three measurements were obtained showing
significant correlation between the fluid removal and differences in total body fluid measured by both devices. The fluid
accumulated due to overhydration was better detected with a BIS device (4).

In an observational study including |4 children regarding hemodialysis, 130 single-frequency bioimpedance analysis mea-
sures were taken to determine the hydration status. The percentage change in the resistance was correlated with the
percentage of body weight change and the percentage of blood volume change. The percentage of change in resistance
was also higher in patients with symptoms such as lightheadedness, headache, cramping, and restlessness during dial-
ysis. The bioimpedance technique was suggested to be effective and can be more widely used in a routine fluid volume
evaluation of children on dialysis (1).
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However, the fluid status in a cohort of pediatric hemodialysis
patients was evaluated by measuring the inferior vena cava
(IVC) diameter and BIS, showing that overhydration detected
by BIS and IVC diameters was not found to be correlated. The
IVC diameter was only found to predict hypertension related to
a volume overload. The BIS measurement was reported as not
a significantly effective method for assessing the fluid volume
due to its ineffectivity in detecting the intravascular volume (5).

Edema

Bioimpedance spectroscopy has been defined as a reliable
method for analyzing edemaq, as it gives information on the
intracellular, extracellular, and total water content of a certain
body part. Based on this feature, it is suggested that it can be
successfully used for the detection of post-thrombotic lymph-
edema in arms and legs, which consists of the fat and muscle
tissue, as well as water (3).

Peripheral edema was effectively detected by bioelectrical imped-
ance measures in 900 patients with acute and chronic heart failure
by placing electrodes on the hand, wrist, foot, and ankles. Because
soft tissues of limbs form 90% of body bicimpedance, it is suggest-
ed as a trustable method of demonstrating peripheral edema (6).

Cerebral bioimpedance was used to detect cerebral edema in
hypoxia-induced neonatal piglets by attaching the electrodes
on the scalp. Non-invasive measurements were well correlat-
ed with invasive values obtained with a subdural catheter. Bio-
impedance results were also in correlation with intracranial
pressure. The technique is suggested as a good marker of intra-
cranial events and cerebral edema due to hypoxia (7).

Body Composition: Obesity and Malnutrition

The percentage of body fat in 89 children who were 5to 18 years
old was analyzed by a bioelectricalimpedance analysis and du-
al-energy x-ray absorptiometry (DXA). The portable bioimped-
ance analyzer was a tetrapolar device with four electrodes
placed on the feet. Measurements of two different techniques
were similar fo each other, supporting the use of bioimpedance
for body fat detection (8).

Obese adolescents’ whole body fat mass was measured by
means of an bioimpedance analysis and DXA, showing cor-
related results, and both methods were effective in detecting
the body fat percentage (9).

Single-frequency bioimpedance analysis and BIS were com-
pared in a study that analyzed the body fat percentage before
and affer exercise. The results suggested that both methods
were similarly effective in the body fat evaluation. However, a
single-frequency bioimpedance analysis was more effective in
estimating the body fat percentage in that group (10).

A cross-sectional study compared nutritional condition of 292
hospitalized children with 234 healthy controls. The bioimped-
ance analysis was more sensitive in detecting malnutrition and
undernutrition compared with anthropometric measures of the
World Health Organization criteria. It was recommended to
evaluate hospitalized children with the bioimpedance analy-
sis to detect malnutrition as early as possible and to be able to
avoid related complications (I1).
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In a prospective cohort study, 486 children were involved, and
a higher birth weight was correlated with higher fat mass per-
centage and fat mass in later childhood that was measured by
bioimpedance technique (12).

Gestational weight gain of mothers and birth weight of new-
borns were found as positively correlated in a cross-sectional
study. The bioimpedance analysis was a reliable method of
measuring the fat mass and fat-free mass of individuals (13).

Cardiovascular risk parameters of pediatric juvenile idiopath-
ic arthritis patients were determined with segmental body fat
composition analyzer by measuring the body mass and body
fat percentage. The percentage of fat tissue in patients was
found similar in patients and healthy controls (14).

Children with late-diagnosed vesicoureteral reflux (VUR) were
evaluated with the bioimpedance analysis regarding their
growth. The body mass, fat mass, fat-free mass, and cell mass
were measured. It was shown that growth is negatively affect-
ed in children with VUR and that it should be diagnosed earlier
to avoid such morbidities (I5).

Inflammation

Bioimpedance analysis measures were taken in a large
cross-sectional study by electrodes placed on the metacarpal
bones, hands, and wrist of the upper extremities, and foof, fib-
ula, and metatarsal bones of the lower extremity. Results were
found to be positively correlated with stress monitored by cor-
tisol and inflammation monitored by means of the high-sensi-
tive C-reactive protein levels. Bioimpedance is suggested to be
useful in diagnosis, detection of complications, and treatment
response of patients with stress, inflammation, and nonspecific
symptoms such as that of metabolic syndrome (16).

The presence and localization of periodontal tissue inflam-
mation were observed in the bicimpedance values by means
of different conductivity and frequencies of the inflamed site

7).

As the diagnosis of inflammation of periodontal and peri-im-
plantal tissues in dentistry is done by naked-eye observation of
hyperemia or edema, the bicimpedance measurements were
suggested to be effectively used in another study to detect
these areas both before and after treatment (18).

The airway inflammation in asthmatic children was evaluated,
and the extracellular bioelectrical conductivity of the lower re-
spiratory tract decreased after avoiding the exposure to house
dust mites at high altitudes (19).

Infections

The bioimpedance analysis was used in differentiating patients
with dengue fever from the control group of healthy people. Re-
actance, intracellular water, its ratio to extracellular water, and
ratio of extracellular mass to body cell mass were factors cor-
related with symptoms of the infection group (20).

Fever due to an influenza A infection outbreak in Amazonas
demonstrated that patients with fever had a significantly in-
creased reactance and decreased resistance and impedance
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that may be attributed to a decrease in the extracellular water
body content. The values were shown to return to normal after
treatment (21).

Pain

An aminolaevulinic acid cream was applied as a photosensitiz-
er in people undergoing dermal photodynamic therapy, and BIS
measures were taken. The aim was to compare the pain felt in
the group that used the cream and the control group. Skin im-
pedance was significantly lower in people treated with amino-
laevulinic acid (22).

Attention Deficit/Hyperactivity Disorder

Forehead electrodes were used to assess the biocimpedance
analysis measures in children diagnosed with attention deficit/
hyperactivity disorder (ADHD). Conductivity was significantly
higher in the ADHD group than healthy controls. The method is
recommended as a noninvasive easy way for early diagnosis
and monitorization of treatment response (23).

Nephrourological Evaluation

A bioimpedance analysis was performed in children with VUR
before and after voiding. Bladder and ureter fluid measures
were decreased in patients with VUR, while the values were not
decreased in patients without VUR (2).

Creatinine clearance and 24-hour urinary protein excretion
were accurately estimated by measuring the body cell mass
with bioimpedance in patients with chronic kidney disease. Re-
sults were used to predict the quantification of renal functions
effectively (24).

Children with nutcracker syndrome were evaluated by means of
a bioimpedance analysis, which demonstrated results accord-
ing to the left renal vein enfrapment. The patients had slimmer
body, with lower bioimpedance measures. It was suggested to
restore the aorfomesenteric fat tissue with nutrition, which may
resolve the left renal vein entrapment (25).

Bioimpedance was compared in normal rat bladders and those
with infravesical obstruction. In rats with infravesical obstruc-
tion, voiding did not normalize the vesical circulation, while it
was normalized in normal rats (26).

Anesthesia was given to a porcine model, and percutaneous
needle inserted into the kidney showed a decrease in tissue
bioimpedance measures, suggesting that the needle bioimped-
ance technique may be used in percutaneous procedures (27).

Gastroesophageal Reflux

Small esophageal mucosa changes were detected by BIS in an
animal model by measuring the dilation of intercellular spaces
and resistivity. It may be possible to detect gastroesophageal
reflux in very early stages with this method (28).

Neonatal Period

The cardiac output of mechanically ventilated newborns was
measured by thoracic bioimpedance and compared with values
on a Doppler ultrasound. The methods were well correlated, so
the results suggested that bioimpedance may be a noninvasive
and reliable method of cardiac output measurement (29).
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Thoracic bioimpedance was used to assess the cardiac output
in ferm and preterm animal neonates. A significant correlation
was observed between bioimpedance and the thermodilution
indicator method. The method may be useful in infants, as well
as children (30).

A prospective blinded controlled study evaluated 114 measures
of bioimpedance in preterm newborns. Electrodes were used
for heart and transcutaneous oxygen monitorization. Resistance
and reactance were compared and did not show interference
with each other, suggesting that this way of oxygen monitoriza-
tion by bioimpedance is valid in newborns (31).

Newborns with respiratory distress after birth were shown to
have more thoracic fluid than healthy controls, which was mea-
sured by bioimpedance at birth and 24 hours after birth (32).

Cerebral impedance was used in newborn piglets born with hy-
poxia and several measurements taken in the first 12 hours of
life. Although the hypoxic group values were different from the
control group, the difference was not significant, suggesting fur-
ther evaluation (33).

The pharmacokinetics of gentamicin was evaluated by a
multi-frequency biocimpedance analysis in infants in a neonatal
intensive care unit. Gentamicin distribution between therapeu-
tic and toxic levels was predicted with this method (34).

Correlation with Ultrasonography
Detection of lymphedema using bicimpedance has been de-
fined as an easy and reliable method. There have been only
limited studies comparing the bioimpedance analysis and ultra-
sonography (US) correlation (35).

In another study, lung US and BIS were compared, and it was
concluded that BIS can be used together with clinical findings
and blood pressure measures to evaluate the fluid status of chil-
dren with end-stage renal disease (36).

Nineteen patients with nephrotic syndrome and the control
group of 25 healthy people were evaluated with a multi-fre-
quency bioimpedence analysis. Hypovolemia was not observed
in the nephrotic syndrome attack. Bioimpedance can be routine-
ly used as a practical method to control the hydration condition
of nephrotic syndrome patients (37).

Also, the use of bioimpedence has been useful in the evaluation
of fat deposition in non-alcoholic fatty liver disease, and results
were positively correlated with US (38).

The evaluation of the effectiveness of lung US in detecting changes
in the volume load of patients undergoing hemodialysis and com-
parison with the gold standard bioimpedance technique indicated
that bioimpedance and US may show different but complementa-
ry findings. Bioimpedance may be more effective in the hydration
status detection, while US may show cardiac and overhydration
findings. The effect of dialysis can also be demonstrated (39).

CONCLUSION
It can be concluded that bicimpedance is an effective and easy
method of diagnosis in a variety of pediatric health issues, al-

109


https://www.sciencedirect.com/topics/medicine-and-dentistry/hypovolemia

110

Dirik and Beyitler. Use of Bioimpedance in Children

lowing urgent appropriate management and interventional
therapies according to their necessity.

Peer-review: Externally peer-reviewed.

Author contributions: Conception - MAD, |B,; Design- M.AD, 1.B; Su-
pervision - M.AD, |.B; Data collection and processing - M.AD, |.B,; Anal-
ysis and interpretation - M.AD, |.B, Literature review - M.AD, |.B,; Writer
-M.AD, |.B; Critical review - M.AD, |.B.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received
no financial support.

Acknowledgement: The authors would like to thank Prof. Dr. Salih Ka-
vukeu for his valuable support and help.

REFERENCES

Oh G, Wong C, Begin B, Salsbery K, Sutherland S, Chaudhuri A.
Whole-body single-frequency biocimpedance analysis in pediatric
hemodialysis patients. Pediatr Nephrol 2014; 29: 1417-23. [CrossRef]
Bayram MT, Alaygut D, Turkmen M, Soylu A, Kavukcu S. Bioelectric
impedance analysis in the diagnosis of vesicoureteral reflux. Iran J
Pediatr 2015; 25: €2183. [CrossRef]

Avila ML, Ward LC, Feldman BM, Montoya M|, Stinson J, Kiss A, et
al. Normal values for segmental bioimpedance spectroscopy in pe-
diatric patients. PLoS One 20I5; 10: e0126268. [CrossRef]

Yang EM, Park E, Ahn YH, Choi HJ, Kang HG, Cheong H, et al. Mea-
surement of fluid status using bicimpedance methods in Korean
pediatric patients on hemodialysis. J Korean Med Sci 2017; 32: 1828-
34. [CrossRef]

Torterbe X, Dehoux L, Macher MA, Niel O, Kwon T, Deschénes G, et
al. Fluid status evaluation by inferior vena cava diameter and bio-
impedance spectroscopy in pediatric chronic hemodialysis. BMC
Nephrol 2017; 18: 373. [CrossRef]

Massari F, lacoviello M, Scicchitano P, Mastropasqua F, Guida P,
Riccioni G, et al. Accuracy of bioimpedance vector analysis and
brain natriuretic peptide in detection of peripheral edema in acute
and chronic heart failure. Heart Lung 2016; 45: 319-26. [CrossRef]
Lingwood BE, Dunster KR, Colditz PB, Ward LC. Noninvasive mea-
surement of cerebral bioimpedance for detection of cerebral ede-
ma in the neonatal piglet. Brain Res 2002; 945: 97-105. [CrossRef]
Barreira TV, Staiano AE, Katzmarzyk PT. Validity assessment of
a portable bicimpedance scale to estimate body fat percentage
in white and African American children and adolescents. Pediatr
Obes 2013; 8: €29-32. [CrossRef]

Verney J, Metz L, Chaplais E, Cardenoux C, Pereira B, Thivel D. Bio-
electrical impedance is an accurate method to assess body com-
position in obese but not severely obese adolescents. Nutr Res 2016;
36: 663-70. [CrossRef]

Nickerson BS, Esco MR, Kliszczewicz BM, Freeborn TJ. Comparison
of bioimpedance and underwater weighing body fat percentage
before and acutely after exercise at varying intensities. J Strength
Cond Res 2017; 31: 1395-1402. [CrossRef]

Pileggi VN, Monteiro JP, Margutti AV, Camelo JS Jr. Prevalence of
child malnutrition at a university hospital using the World Health
Organization criteria and bioelectrical impedance data. Braz J
Med Biol Res 2016; 49: pii: S0100-879X2016000300705.

Pereira-Freire JA, Lemos JO, de Sousa AF, Meneses CC, Rondd PH. As-
sociation between weight at birth and body composition in childhood:
A Brazilian cohort study. Early Hum Dev 20I5; 91: 445-9. [CrossRef]
Marginean C, Mdrginean CO, Banescu C, Melit L, Tripon F, lancu M.
Impact of demographic, genetic and bioimpedance factors on ges-
tational weight gain and birth weight in a Romanian population.
Medicine (Baltimore) 201¢; 95: e4098. [CrossRef]

20.

2.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3l.

32.

Cyprus J Med Sci 2018; 3: 107-11

Jednacz E, Rutkowska-Sak L. Assessment of the body composition
and parameters of the cardiovascular risk in juvenile idiopathic ar-
thritis. Biomed Res Int 2015; 2015: 619023. [CrossRef]

Torun Bayram M, Kavukeu S, Soylu A. Body composition with bio-
electrical impedance analysis and body growth in late-diagnosed
vesicoureteral reflux. Minerva Pediatr 2017; 69: 174-80.

Tsigos C, Stefanaki C, Lambrou Gl, Boschiero D, Chrousos GP. Stress
and inflammatory biomarkers and symptoms are associated with
bioimpedance measures. Eur J Clin Invest 2015; 45: 126-34. [CrossRef]
Cosoli G, Scalise L, Cerri G, Russo P, Tricarico G, Tomasini EP. Bio-
impedancemetry for the assessment of periodontal tissue inflam-
mation: a numerical feasibility study. Comput Methods Biomech
Biomed Engin 2017; 20: 682-90. [CrossRef]

Cosoli G, Scalise L, Tricarico G, Russo P, Cerri G. Bioimpedance mea-
surements in dentistry fo detect inflammation: numerical modelling
and experimental results. Physiol Meas 2017; 38: 1145-57. [CrossRef]
Peroni DG, Bodini A, Loiacono A, Paida G, Tenero L, Piacentini GL. Bio-
impedance monitoring of airway inflammation in asthmatic allergic
children. Allergol Immunopathol (Madr) 2009; 37: 3-6. [CrossRef]
Faisal T, lbrahim F, Taib MN. Analysis of significant factors for den-
gue infection prognosis using the self organizing map. Conf Proc
IEEE Eng Med Biol Soc 2008; 2008: 5/40-3.

Marini E, Buffa R, Contreras M, Magris M, Hidalgo G, Sanchez W,
et al. Effect of Influenza - induced fever on human bicimpedance
values. PloS One 20I5; 10: e012530I. [CrossRef]

Mikolajewska P, Remoen OT, Martinsen OG, lani V, Moan J, Grim-
mes S, et al. Bioimpedance for pain monitoring during cutaneous
photodynamic therapy: Preliminary study. Photodiagnosis Photo-
dyn Ther 20l; 8: 307-13. [CrossRef]

Caudal F.New marker using bioimpedance technology in screening
for attention deficit/ hyperactivity disorder (ADHD) in children as
an adjunct to conventional diagnostic methods. Psychol Res Behav
Manag 201; 4:113-7.

Flury S, Trachsler J, Schwarz A, Ambihl PM. Quantification of ex-
cretory renal function and urinary protein excretion by determina-
tion of body cell mass using bioimpedance analysis. BMC Nephrol
2015; 16: 174. [CrossRef]

Yavuz S, Kiyak A, Er A, Korkmaz O. The utility of bioimpedance anal-
ysis for monitoring the children with nutcracker syndrome. Eur J Pe-
diatr 2015; 174: 1393-97. [CrossRef]

Kirpatovsky VI, Mudraya IS, Revenko SV, Nesterov AV, Gavrilov Y,
Khromov RA, et al. Assessment of intramural blood flow and neu-
rogenic controlin intact and hypertrophic urinary bladder with har-
monic analysis of bioimpedance in rats. Bull Exp Biol Med 2012; 153:
436-40. [CrossRef]

Roberts WW, Fugita OE, Kavoussi LR, Stoianovici D, Solomon SB.
Measurement of needle- tip bioimpedance to facilitate percutane-
ous access of the urinary and biliary systems: first assessment of an
experimental system. Invest Radiol 2002; 37: 91-4. [CrossRef]

Lundin P, Karpefors M, Carlsson K, Hansen MB, Ruth M. Bioimped-
ance spectroscopy: a new tool fo assess early esophageal changes
linked to gastroesophageal reflux disease? Dis Esophagus 20II; 24:
462-9. [CrossRef]

Tibballs J. A comparative study of cardiac output in neonates sup-
ported by mechanical ventilation: measurement with thoracic elec-
trical bioimpedance and pulsed Doppler ultrasound. J Pediat 1989;
|14: 632-5. [CrossRef]

Belik J, Pelech A. Thoracic electric bioimpedance measurement of car-
diac output in the newborn infant. J Pediatr 1988; 113: 890-5. [CrossRef]
Comym VC, Macedu YS, Neves EK, Bueno AC, Fernandez HC,
Moreira ME, et al. Interference of heart and transcutaneous oxygen
monitoring in the measurement of bioelectrical impedance analysis
in preterm newborns. J Pediatr (Rio J) 2016; 92: 528-3I. [CrossRef]
Paviotti G, Cunto AD, Moressa V, Bettiol C, Demarini S. Thoracic
fluid content by electric bioimpedance correlates with respiratory
distress in newborns. J Perinatol 2017; 37:1024-27. [CrossRef]


https://doi.org/10.1007/s00467-014-2778-7
https://doi.org/10.5812/ijp.2183
https://doi.org/10.1371/journal.pone.0126268
https://doi.org/10.3346/jkms.2017.32.11.1828
https://doi.org/10.1186/s12882-017-0793-1
https://doi.org/10.1016/j.hrtlng.2016.03.008
https://doi.org/10.1016/S0006-8993(02)02744-0
https://doi.org/10.1111/j.2047-6310.2012.00122.x
https://doi.org/10.1016/j.nutres.2016.04.003
https://doi.org/10.1519/JSC.0000000000001716
https://doi.org/10.1016/j.earlhumdev.2015.05.004
https://doi.org/10.1097/MD.0000000000004098
https://doi.org/10.1155/2015/619023
https://doi.org/10.1111/eci.12388
https://doi.org/10.1080/10255842.2017.1291804
https://doi.org/10.1088/1361-6579/aa5c7b
https://doi.org/10.1016/S0301-0546(09)70243-5
https://doi.org/10.1371/journal.pone.0125301
https://doi.org/10.1016/j.pdpdt.2011.06.001
https://doi.org/10.1186/s12882-015-0171-9
https://doi.org/10.1007/s00431-015-2535-3
https://doi.org/10.1007/s10517-012-1734-4
https://doi.org/10.1097/00004424-200202000-00007
https://doi.org/10.1111/j.1442-2050.2011.01181.x
https://doi.org/10.1016/S0022-3476(89)80710-3
https://doi.org/10.1016/S0022-3476(88)80026-X
https://doi.org/10.1016/j.jped.2016.01.009
https://doi.org/10.1038/jp.2017.100

Cyprus J Med Sci 2018; 3: 107-11

33.

34.

35.

36.

Lingwood BE, Healy GN, Kecskes Z, Dunster KR, Gray PH, Ward LC, et al.
Prediction of outcome following hypoxia/ ischaemia in the human infant
using cerebral impedance. Clin Neurophysiol 2009; 120: 225-30.[CrossRef]
Lingwood BE, Coghlan JP, Ward LC, Charles BG, Colditz PB. Prediction
of aminoglycoside distribution space in neonates by multiple frequency
bioelectrical impedance analysis. Eur J Clin Pharmacol 1999; 55: 671-6.
[CrossRef]

Choi YH, Seo KS. Correlation among bioimpedance analysis, sono-
graphic and circumferential measurements in assessment of breast
cancer-related arm lymphedema. Lymphology 2014; 47:123-33.
Allinovi M, Saleem MA, Burgess O, Armstrong C, Hayes W. Finding
covert fluid: methods for detecting volume overload in children on
dialysis. Pediatr Nephrol 201¢; 31: 2327-35. [CrossRef]

37.

38.

39.

Dirik and Beyitler. Use of Bioimpedance in Children

Nalcacioglu H, Ozkaya O, Baysal K, Kafali HC, Avci B, Tekcan D, et
al. The role of bioelectrical impedance analysis, NT-ProBNP and
inferior vena cava sonography in the assessment of body fluid
volume in children with nephrotic syndrome. Nefrologia 2018; 38:
48-56. [CrossRef]

Vitturi N, Soattin M, De Stefano F, Vianello D, Zambon A, Plebani M,
et al. Ultrasound, anthropometry and bicimpedance: a comparison
in predicting fat deposition in non-alcoholic fatty liver disease. Eat
Weight Disord 2015; 20: 24I-7. [CrossRef]

Youssef G, Zayed B, Momtaz M, Roshdy A, Shaaban M. Lung ultra-
sound and bioimpedance in assessment of volume status of hemo-
dialysis patients. Kasr Al Ainy Med J 2017, 23: 18-23[CrossRef]


https://doi.org/10.1016/j.clinph.2008.11.008
https://doi.org/10.1007/s002280050691
https://doi.org/10.1007/s00467-016-3431-4
https://doi.org/10.1016/j.nefro.2017.04.003
https://doi.org/10.1007/s40519-014-0146-z
https://doi.org/10.4103/2356-8097.207188

