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Volume overload in patients with End Stage Renal Failure 

o In patients with ESRD, cardiovascular diseases are the leading cause 
of mortality, and fluid overload has an important role in the 
development of these diseases. 

 

o In patients receiving PD, fluid retention can be intensified over time 
due to the loss of residual kidney function and progressive muscle 
wasting. 

 

o As clinical signs in evaluation of fluid status may be misleading, 
more reliable practical methods are extremely needed.  

 

o Bio-imedance analysis (BIA) is a simple, safe, noninvasive, rapid , 
and promising method which can be used to determine hydration 
status of patients with ESRD.   



Bio-impedance analysis in peritoneal dialysis 

o Assessment of body composition 

o Estimation of of nutritional status 

o Management of extracellular fluid 



Historical background of Bio-impedance 

o Electrical properties of tissues was  firstly described by Hermann in 
1871. 

 

o About a hundred year later, Thomasset conducted the original 
studies using electrical impedance measures as an index of total 
body water. 

 

o A variety of  single frequency analyzers then became commercially 
available. 

 

o By 1990, several multi-frequency analyzers were also be presented 
in the market. 



Machines for bio-impedance analysis 

o Quantum II (RLJ System) 

o SC-331 S (Tanita Corporation 

o ElectroFluidGraph (Akern s.r.l.) 

o SFB7 (Impedimed Ltd.) 

o Bioscan 916S (Maltron Ltd. 

o Body Composition Monitor (Fresenius Medical Care) 
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o Seven RCTs with 1312 patients included.  

o Applying the results of BIA in fluid management did not reduce all cause 
mortality. However, it improved systolic blood pressure and hydration 
status 



Principles of Bio-impedance 

• In a uniform cylinder of conductive material, the resistance (R) to an 
electrical current is proportional to its length (L) and inversely proportional 
to its cross sectional area (A). 
 

• R=    L/A            : resistivity of a conductive material                                                                          
R=   L/ A=   L2/ AL (the fraction multiplied by an L/L fraction) ,                                                                      
Volume of a cylinder=height X area= LXA,  R=   L2/V  
 

• The volume of a cylinder can be calculated by this formula: V=   R/L2 

 
 

• So, there is an empirical relationship between lean body mass(73% water)  
and R/L2 
 
 
 
 



Cylinder model in Bio-impedance analysis 

Lukaski and Bolonchuk, Aviation Space and Environmental Medicine 59 1163-1169, 1988) 

(body impedance is determined by limbs up to 90% and by trunk up to 10%) 



Errors of bio-impedance analysis based on cylindrical model 

o Alternations in resistivity and conductive material 

o Variations in the ratio of height to conductive length 

o Variations in the shape of the body 



     Our body offers two type of resistance to an electrical current   
    

oResistance or R, arising from intracellular and extracellular 
fluids (simply called resistance) 

 
oCapacitance or XC , arising from cell membranes (reactance) 

Impedance 
 is a term used to describe the combination of 

resistance and capacitance 



A commonly used circuit to describe the behavior of biologic tissues in the body  



 

SF-BIA                 Single Frequency Bioelectrical Impedance Analysis 

MF-BIA              Multi Frequency Bioelectrical  Impedance  Analysis 

BIVA                               Bioelectrical Impedance Vector Analysis  

BIS                                    Bioelectrical Impedance Spectroscopy 

W-BIA                         Whole Body Bioelectrical Impedance Analysis 

S-BIA                              Segmental Bioelectrical Impedance analysis 

 

 



Phase angle and its relationship with impedance, resistance, reactance, and the 
frequency of applied current  

Zero frequency: the current passes through extracellular fluid, 
Infinite frequency: total body R reflects the combination of intracellular and extracellular fluid. 



 

Most single frequency BIA(SF-BIA) analyzers operate at 50kHz. 
Multi-frequency BIA(MF-BIA) uses different frequencies. 



SF-BIA 

o  An alternative current of 50 kHz and 800 µA is passed between 
surface electrodes placed on wrist and ankle. 

 

 

 

o At 50 kHz, the current passes through both intra and  extracellular 
fluid. 



M-BIA 

o  As with SF-BIA, MF BIA uses linear regression models but include 
impedance at multiple frequency to evaluate FFM, TBW, ICW, and ECW. 

 

o MF-BIA can be more accurate and less biased than SF-BIA for the prediction 
of ECF. 

 

At low frequency (below 
30 kHz) the current 

travels through the ECF 

At high frequency the 
current travels through 

both the ECF and ICF 





BIVA: bioelectrical vector analysis 
By graphical plotting of R and capacitance after standardized by height  different conditions 

can be diagnosed 
 

Movements parallel to minor access and major access of tolerance ellipse indicate changes in 
nutritional and hydration status, respectively. 



In a study by Yilmaz et al., OH/ECW ratio, a derived parameter of  fluid overload measured by 
BIA, was a significant and independent determinant of systolic blood pressure and left 

ventricular mass index  in PD patients. 
(OH: overhydration) 



SF-BIA results of 200 CAPD adults patients  (149 without and 51 with edema) 
were compared with the results of the following groups: 

726 Healthy subjects 

1116 Hemodialysis patients 

50 Nephrotic patients   



 
 
The mean impedance vector of CAPD patients without edema  was half 

way between the mean vectors of the healthy population and the HD 
patients before the hemodialysis session. 



o Study design: blind randomized control trial  

 

o Participants: 308 PD patients from the UK and Shanghi, recruited into 
4 groups according to country and residual renal function. 

 

o Objective: to test the hypothesis that whether the longitudinal 
application of BIA alongside clinical evaluation would help the 
clinician to make appropriate adjustment in fluid management of PD 
patients. 





The results of a randomized control trial evaluatiog the value of  bioimpedance vector 
plot in fluid management of PD patients   



The results of a randomized control trial evaluatiog the value of  bioimpedance vector 
plot in fluid management of PD patients   

 
 
        In the UK-nonanuric BI intervention group, the fall in TBW was because of setting of a lower target 

weight but no change in ECW/TBW ration or improvement in blood pressure. 
 
       Thus, routine use of of longitudinal BI vector plot to improve clinical management of fluid fluid 
       status is not supported by this study. 



BIS (bioimpedance spectroscopy) 

o  In contrast to MF-BIA, BIS uses mathematical modeling to generate 
relationship between R and fluid compartements to predict R0 and Rinf. 

 

o BIS have shown to be accurate with minimal bias in non-physiological 
conditions. 

 

BIS 
Scans from low (4 kHz) 

to high (1000 kHz) 
frequencies 400-500 
discrete data points 

R inf 

Impedance at  infinite 
KHz (Impedance TBW) 

R 0 

Impedance at  0 kHz 
(Impedance ECF) 



S-BIA (segmental BIA) 

Segmental-BIA is performed by placing two additional electrode on wrist 
and foot on the opposite side,  shoulder (acromion), and upper iliac 
spine.  

 
Three aspects of S-BIA: 

 
o Changes of the impedance are closely related to changes of the FFM, 

muscle mass or body cell mass (BCM)) of the limbs. 

 

o  It may detects the changes of trunk FFM that are not adequately 
described  by whole body impedance  measurements. 

 

o Segmental BIA must be used to  determine fluid shifts and fluid 
distribution in some diseases (ascites, renal failure, surgery), and may 
be helpful in providing information on fluid accumulation in the 
pulmonary or abdominal region of the trunk.  

 



o Paticipants were 14 CAPD patients during standard exchange with 
fluids of known conductivity. 

 

o Bioimpedance was continuously measured in the arm, trunk, and leg 
and from wrist to ankle. 

 

o Volume changes were calculated using both  segmental BIA (SBIA) and 
wrist-to-ankle BIA (WBIA) and were compared with volume changes 
measured gravimetrically. 

 



o When 2.19 ± 0.48 L were removed from the 
peritoneal cavity during draining, 95.2 ± 3.8% of 
this volume was detected by SBIA compared with 
12.5 ± 24.3% detected by WBIA. 
 

o When 2.11 ± 0.20 L of fresh dialysate was infused 
into the peritoneal cavity, 91.1 ± 19.6% of this 
volume was detected by SFBIA compared with only 
8.86 ± 21.1% detected by WBIA. 
 

Changes in extracellular fluid in trunk  
estimated by SBIA is relatively accurate. 

 



An example of the body composition  
 

results  



 
The reasons for low  phase angle: 

1.Low cell mass 

2.Fluid overload 

                 
                      Test number:93 
 

The phase angle: the arctangent of  Xc/R 



The proportional of intracellular and extracellular fluids and  

the suggested dry weight and  excess water by BioScan analyzer 
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Bioimpedance Vector Analysis Tolerance Ellipse (BIVA) 

 with data expected to fall within 75% tolerance ellipse. 

The patient is overhydrated because his location is below the 

major axis of 75% tolerance ellipse. 

 

 
Test number:93  

 





Summary:  

o Clinical findings are not accurate and sensitive for estimation of volume 
status in patients with  ESRD. 

 

o Bio-impedance is a safe, simple and rapid method for estimation of 
volume status in end stage kidney disease. However, we need 
standardization of the current techniques and reference equations for 
special kidney related population (CKD, HD,PD). 

 

o Segmental BIA may be beneficial in determination of trunk and outflow 
failure. However, this method has not yet been sufficiently standardized 
to be used in PD patients. 

 

o Well designed future studies with a long follow up period should be 
performed to better describe the effect of BIA based strategies on 
survival in PD patients. 

 




