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The assessment of hydration states in advanced 

cancer patients using novel technology: the 

evaluation of bioelectrical impedance vector analysis 

(BIVA) in the palliative care setting 

 

BACKGROUND 

The role of hydration in causing or alleviating suffering in patients with advanced cancer is poorly 

understood and remains controversial.1 Most dying cancer patients have reduced oral intake in the 

last days of life.2 This may be related to symptoms arising from the cancer or its treatment, such as 

dysphagia, anorexia, nausea, vomiting, or mechanical problems such as bowel obstruction.3 4 

Accordingly, the subject of clinically assisted hydration (CAH) is emotive amongst patients and their 

carers, with the omission or withdrawal of CAH potentially viewed as hastening death in some 

instances.5 Current hydration assessment methods are limited in cancer patients approaching death. 

However, bio-impedance assessments may be useful in the assessment of advanced cancer 

patients.6  

Bioelectrical impedance assessments 

Bioelectrical impedance analysis (BIA) is a non-invasive body composition tool based on the flow of 

electrical current through the body, measured through the application of superficial skin electrodes.7 

BIA requires prediction equations to measure TBW.8 Prediction equations have been developed 

using linear regression and adherence to some basic assumptions including: the shape of the body, 

the relationship between trunk and leg lengths and the level of hydration and fat fraction. Cancer 

reduces intracellular water through cachexia, such that the TBW derived from equations for normal 

populations are inaccurate.9  

The limitations of BIA have been addressed by Picolli and colleagues10 11 by utilising an alternative 

method of interpreting the BIA information. Use of raw BIA measures can provide direct 

measurements of tissue cell hydration and integrity. These approaches are independent of 

regression equations or weight, and can be carried out even in situations where BIA assumptions are 

not met (for example, in advanced cancer). These raw measurements consist of; resistance (R - the 
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restriction to the flow of electrical current through the body, primarily related to the amount of 

water present in tissue) and reactance (Xc - resistive effect produced by the tissue interfaces and cell 

membranes) measurements (FIGURE 1).  

The impedance index (Height (H) 2 /R) is an accurate method of evaluating TBW in advanced cancer 

but previously have not been used to evaluate relationships with clinical indices.12 13 Similarly, the 

method of bioelectrical impedance vector analysis (BIVA) may also be useful. BIVA involves the 

plotting of the impedance vector against a known distribution. Using this method, impedance (Z) is 

plotted as a vector from its components R (X axis) and Xc (Y axis), after being standardized by height 

(H) (FIGURE 1). The advantage of this method is that it allows information to be obtained 

simultaneously about changes in tissue hydration or soft-tissue mass, independent of regression 

equations, or body weight. Changes in the shape and direction of plotted vectors (vector migration) 

on repeated measurements in the same individual allow change in hydration status over time to be 

recorded.8 14 15  

Consequently, H2/R and BIVA may potentially be useful to study hydration in advanced cancer and 

its relationship with clinical variables.  

 

FIGURE 1: RXC GRAPH DIVIDED INTO A 5-POINT SCALE ACCORDING TO 50th 

AND 75th PERCENTILE TOLERANCE ELLIPSES TO CLASSIFY HYDRATION STATUS 
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AIM 

This study aims measure hydration in advanced cancer patients using BIVA, in order, to determine 

the relationship between symptoms, biochemistry, and performance status. 

METHODS 

Participants were recruited from a UK based 30 bedded specialist palliative care unit over a 10 

month (December 2012 – October 2013). The research project adhered to the requirements set out 

in the Department of Health Research Governance Framework. This study received a favourable 

ethical opinion from the North Wales Research Ethics Committee – West (Local research ethics 

committee approval number = 12/WA/0200). The eligibility criteria for enter into the study involved: 

admission to specialist palliative care inpatient unit from December 2013 onwards; age >18 years; 

cancer (proven by histology or radiological imaging); palliative; able to understand and communicate 

in English (including the use of communication aides and/or interpreter); serum urea and creatinine 

recorded by the clinical team in the previous 72 hours. Exclusion criteria: the presence implantable 

defibrillator devices; patients unable to provide fully informed consent; active transmissible 

infections; use of clinically assisted hydration; current antineoplastic treatment. 

All assessments were conducted in the morning, at a time convenient to the participant, between 

9am – 12pm. All participants in the study received the following assessments below performed in 

this order: 

1. Demographic details 

2. Clinical assessment 

3. Hydration questionnaire 

4. Height and weight assessment1 

5. Bioelectrical impedance assessments 

6. Fluid intake review 

7. Medication review 

Performance status was be recorded using the Eastern Cooperative Oncology Group (ECOG) scale 

(0= fully active, 5 = dead).16 Participants completed a brief hydration symptom questionnaire (Burge-

                                                           
1
 Weight was not recorded if the patient was physically unable to stand. 
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4 score) developed by Burge.17 18 This comprised of four questions (thirst, dry mouth, unpleasant 

taste and fatigue) measuring symptom severity over the previous 24-hours using a 100mm Visual 

Analogue Scale (VAS).  

A dehydration score was calculated using the approach taken by Morita et al,19 based on a simple 

total of scores from three physical findings: moisture on the mucous membranes of the mouth (0: 

moist, 1: somewhat dry, 2: dry), axillary moisture (0: moist, 1: dry), and sunkenness of eyes (0: 

normal, 1: slightly sunken, 2: sunken). These signs were selected by the author on the basis of their 

significant correlations with biological dehydration.18 20-22 Higher scores (range 0-5) indicate an 

increased chance of dehydration.  

Daily fluid intake (0 - 199ml, 200-499ml, 500-799 or >800mls) was documented for all patients based 

on standard nursing documentation. Height (H) was measured, without shoes, to the nearest 0.1 cm 

using a portable stadiometer (SECA© 213 Height Measure / Stadiometer). Length was measured 

horizontally in those unable to stand. Body weight (W) was measured to the nearest 0.1kg (SECA© 

955 High Capacity Electronic Chair Scale). 

BIA (FIGURE 2) was conducted according to standard recommendations23 24 25 Participants were 

lightly clothed, lying in the supine horizontal position, without shoes or socks. Their arms were 

positioned 30o from the body with the legs positioned 45o away from each other. Two disposable 

pre-gelled aluminium electrodes (Akern©) were affixed to the dorsum of the right hand (one placed 

on the edge of an imaginary line bisecting the ulnar head and the other on the middle finger 

proximal to the metacarpal-phalangeal) and two to the dorsum of the right foot (one placed 

medially, to an imaginary line bisecting the medial malleous at the ankle and the other proximal to 

the metatarsal-phalangeal joints) (FIGURE). The external calibration of the analyser was checked to a 

known impedance value (r= 470 Ω, Xc = 90Ω) every day. 
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FIGURE 2: DIAGRAM SHOWING ELECTRODE PLACEMENT REQUIRED FOR THE 

BIA TEST 

 

 

STATISTICAL ANLSYSIS 

Statistical Package for the Social Sciences (SPSS) version 21.0 was used for standard calculations. 

Parametric and non-parametric tests were used as appropriate. Frequency analysis with the chi-

squared test, Student t test, the Mann-Whitney U test, the Fisher’s Exact test, the Kruskal-Wallis and 

independent t-tests were used, as appropriate, to compare differences between groups and 

variables.   

Statistical analysis of BIVA 

BIA vector analysis was conducted using software developed by Professor Antonio Piccoli, University 

of Padova.26 Hotelling’s T2 test for vector analysis was used to compare for significant difference 

between mean vector distances (D).  

The impedance index (H2/R) was calculated from the BIA raw variables to provide a proxy 

measurement of total body water. Multiple regression analysis was conducted to further study the 

relationship between several predictor variables on H2/R, in order, to evaluate potential 

relationships of TBW with patient demographics, clinical measurements, serum biochemistry and 

self-reported symptoms. Pre-renal failure was defined by urea:creatinine (ur:cr) ratio ≥100 

(mmol/mmol).27 28 29-32 

BIVA was conducted to evaluate hydration in the sample. The RXc point graph was used to assess  

hydration status according to tolerance ellipses from a non-cancer reference population.7 Data were 

plotted on the graph with the 50%, 75% and 95% tolerance intervals. Hydration status was 
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determined by the individual’s baseline bio-impedance vector position on the BIVA RXc normogram. 

The graph was divided into three parallel sections on the hydration axis (Figure X). Individuals with 

vectors falling in (or above) the 51–75% upper range were less-hydrated. Participants with vectors in 

the central 50th percentile ellipse were normally-hydrated. Those with vectors in (or below) the 

lower 51% 75% percentile range were more-hydrated.  

Survival analysis 

Survival was evaluated from the date of first BIA measurement to the date of death using log-rank 

Kaplein Meir survival and hazard ratios, according to categorical bio-impedance and biochemical 

indices. All patients were followed up for a minimum of 3 months following the end of the study. 

Kaplain Meier analysis was used to analyse survival according to hydration and pre-renal failure. Cox 

regression analysis was used to obtain hazard ratios for death for ur:cr and H2/R.  

Sample size calculation 

An exploratory sample size 90 patients was calculated. To draw a vector for the palliative population 

on the RXc graph to enable comparisons with other reference populations:  A sample size of 90 will 

give a 95% confidence region for the mean vector of the vector random variable (Z(R), Z(Xc)) as an 

ellipse with semi-axes of approximate lengths of 0.33 and 0.16. For the two-group analysis, a sample 

size of 45 for each of two groups will have power of 0.8 for detecting a difference of (0.5, 0.5) in the 

mean BIVA vectors either group, for significance level of 0.05.  

RESULTS 

Ninety patients participated (recruitment rate = 76.3%) (FIGURE 2). Forty-two patients were male 

(46.7%) and 48 (53.3%) were female. The mean age of participants was 71.2 with majority of 

Caucasian ethnicity patients (n=89, 98.9%) (TABLE 1). Hydration status was normal in 43 (47.8%), 

‘more hydrated’ in 37 (41.1%) and ‘less hydrated’ in 10 (11.1%) patients (TABLE 2, FIGURES 3 & 4).  

A multiple regression analysis was conducted. H2/R was significantly predicted by female gender 

(Beta = -13.85, p<.001), the Burge-4 score (Beta = -0.29, p=.04), the Morita dehydration score (Beta = 

-2.55, p=.02) and oedema (Beta = 2.55, p<.001) (TABLE 3). ‘Less hydrated’ patients had decreased 

oral fluid intake compared to other patients (p=.04). No other statistical significant difference in 

symptoms, physical signs or biochemistry was detected between groups (TABLES 4 & 5). Overall, 76 

(84.4%) died; median survival = 62 days [38.76, 85.24]. Median survival was significantly shorter in 

‘less hydrated’ patients (44 vs. 68 days; p=.04) (TABLE 6) and in pre-renal failure (44 vs. 100 days; 
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p=.003) (TABLE 7). Higher values of H2/R were associated with improved survival (HR=0.98 [95%CI= 

.96, .99], p=0.01) (TABLE 8). 

FIGURE 1: RECRUITMENT RESULTS FLOWCHART 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

Patients identified by clinical team 

(n=118) 

Ineligible (n=2) 

- Pacemaker (n=1) 

- Unable to comply 

with assessments 

(n=1) 

Patients approached by researcher 

(n= 115) 

Patients declining 

invitation to speak to 

researcher (n=3) 

Exclusions (n= 23) 

- Patient declined 

(n=11) 

- Too unwell to 

participate (n=10) 

- Discharged before 

assessment took 

place (n=2) 

 

Eligible participants identified by 

researcher (n=113) 

Patients providing informed consent 

(n= 90) 



8 
 

TABLE 1: DEMOGRAPHIC DETAILS OF STUDY PARTICIPANTS  

Characteristic N % 

Mean age (± SD), years 71.17 (12.21)  

Male 42 46.7 

Female 48 53.3 

Mean height (± SD), cm 164.22 (9.6)  

Mean weight (± SD), kg 69.45 (17.9)  

Mean body mass index (± SD), kg/m2 25.17 (4.98)  

Race/ethnicity   

 Caucasian 89 98.9 

 Other 1 1.1 

ECOG   

 0 0 0 

 1 15 16.7 

 2 22 24.4 

 3 36 40.0 

 4 17 18.9 

Metastatic disease present 64 71.1 

Cancer diagnosis   

 Lung 14 15.6 

 Colorectal 11 12.2 

 Prostate 10 11.1 

 Ovarian 6 6.7 
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 Characteristic N % 

 Breast 6 6.7 

 Oesophageal 5 5.6 

 Myeloma 5 5.6 

 Pancreatic 4 4.4 

 Unknown 4 4.4 

 Cervical 3 3.3 

 Mesothelioma 3 3.3 

 Gastric 3 3.3 

 Brain 3 3.3 

 Melanoma 2 2.2 

 Soft tissue/muscle/connective tissue 2 2.2 

 Bladder 1 1.1 

 Liver 1 1.1 

 Groin 1 1.1 

 Uterus 1 1.1 

 Tongue 1 1.1 
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TABLE 2: CLASSIFICATION OF HYDRATION AS A THREE-ITEM SCALE 

ACCORDING TO THE RXC GRAPH SCALE  

 Male Female Total (%) P 

Normal 18 25 43 (47.8) - 

Less-hydrated 7 3 10 (11.1) - 

More-hydrated 17 20 37 (41.1) - 

Total 42 48 90 .27 

 

TABLE 3: MULTIPLE REGRESSION ANAYSIS OF H2/R 

 

Variable B (standard error) P 

Constant 96.96 

(10.02) 

<.001 

Age .13 

(.11) 

.246 

Female -13.85 

(2.52) 

<.001 

ECOG -.55 

(1.38) 

.692 

Oedema present 10.94 

(2.89) 

<.001 

Urea:creatinine ratio -.02 

(.02) 

.423 

Morita dehydration score -2.55 

(1.1) 

.023 

Burge-4 score -.29 

(.14) 

.038 

R 0.71  

R squared 0.50  

Adjusted R squared 0.45  

Standard error of estimate 11.38  

Durbin-Watson 1.74  

No. of observations 90  
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FIGURE 3: VECTOR POSITIONS FOR MALES ON THE RXC POINT GRAPH (N=42) 

 

 

FIGURE 4: VECTOR POSITIONS FOR FEMALES ON THE RXC POINT GRAPH 

(N=48) 
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TABLE 4: COMPARISON BETWEEN LESS HYDRATED AND NOT LESS HYDRATED 

GROUPS ACCORDING TO SELF-REPORTED SYMPTOMS, BIOCHEMISTRY AND 

BIO-IMPEDANCE MEASUREMENTS 

 Less hydrated (n=10)  All other patients (n=80)   

 Mean SD  Mean SD T test p 

Burge-4 score (mm) 257.60 91.76  217.63 95.47 1.25 .21 

 Thirst 72.70 22.97  54.04 29.67 1.92 .06 

 Pain 45.50 39.42  50.66 29.88 -0.50 .62 

 Dry mouth 70.60 25.80  58.69 31.07 1.16 .25 

 Nausea 23.20 36.76  25.91 30.76 -0.26 .80 

 Unpleasant taste 52.20 37.51  41.11 33.71 0.97 .34 

 Fatigue 62.10 23.73  63.79 30.92 -0.17 .87 

 Pleasure in drinking 60.89 30.58  69.65 28.97 -0.86 .40 

        

Ur:Cr ratio 137.15 101.33  91.62 42.20 1.41 .19 

Na 134.10 4.77  136.38 4.17 -1.60 .11 

eGFR 71.00 24.68  72.24 18.09 -0.20 .85 

AdjCa 2.26 0.13  2.32 0.25 -0.81 .42 

Serum osmalilty 281.75 18.46  286.68 9.38 -0.95 .35 

Albumin 29.70 3.95  32.36 6.25 -1.31 .19 

        

Urine osmolality 540.50 177.03  505.39 212.25 .31 .76 

Urine:plasma 

osmolality 

1.71 0.44  1.71 0.73 -.001 1.0 

Urinary Na 69.75 67.02  71.11 49.62 -.08 .94 

        

H
2
/R 39.57 9.28  53.08 15.40 -2.71 .008 
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TABLE 5: COMPARISON BETWEEN LESS-HYDRATED AND NOT LESS-HYDRATED 

GROUPS ACCORDING TO PERFORMANCE STATUS, ORAL FLUID INATKE AND 

THE MORITA DEHYDRATION SCORE USING THE MANN U WHITNEY TEST 

 Less hydrated  All other patients    

 Mean Rank  Mean Rank Z U p 

ECOG 52.90 529.00  44.58 3566 -.996 326 .32 

Oral intake (mls) 31.25 312.5  47.28 3782.5 -1.974 257.5 .048 

Morita score 58.60 586.00  43.86 3509 -1.728 269 .08 
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TABLE 6: MEAN AND MEDIANS OF SURVIVAL TIMES ACCORDING TO THE 

LESS-HYDRATED BIVA CLASSIFICATION 

 Mean Median 

Is the patient less-
hydrated? 

Estimate SE 95% Confidence 

Interval 

Estimate SE 95% Confidence 

Interval 
 Lower Upper Lower Upper 

No 115.964 13.543 89.419 142.508 68.000 15.896 36.844 99.156 

Yes 50.000 7.967 34.385 65.615 44.000 4.743 34.703 53.297 

Overall 108.634 12.264 84.597 132.671 62.000 11.859 38.757 85.243 

 

Overall Comparisons 

 Chi-Square df Sig. 

Log Rank (Mantel-Cox) 4.075 1 .044 

 

Test of equality of survival distributions according to dehydration status classification. 

FIGURE 5: KAPLAN-MEIER GRAPH SHOWING SURVIVAL TIME IN DAYS 

ACCORDING TO THE LESS-HYDRATED CLASSIFICATION AS DETERMINED BY 

BIVA (P=0.04) 
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TABLE 7: MEAN AND MEDIANS FOR SURVIVAL TIMES ACCORDING TO THE 
PRESENCE OF PRE-RENAL FAILURE  
 

 

 Mean Median 

Is pre-renal 
failure present? Estimate SE 

95% Confidence 

Interval Estimate SE 

95% Confidence 

Interval 

 Lower  Upper  Lower  Upper  

No 134.353 16.855 101.317 167.390 100.000 26.270 48.512 151.488 

Yes 64.709 10.810 43.523 85.896 44.000 6.081 32.082 55.918 

Overall 108.634 12.264 84.597 132.671 62.000 11.859 38.757 85.243 

 
 

Overall Comparisons 
 Chi-Square df Sig. 

Log Rank (Mantel-Cox) 8.987 1 .003 
 
Test of equality of survival distributions according to the presence or absence of pre-renal failure. 
 
 

FIGURE 6: KAPLAN-MEIER GRAPH SHOWING SURVIVAL TIME IN DAYS 

ACCORDING TO THE PRESENCE OF ABSENCE OF PRE-RENAL FAILURE (P=.003) 
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TABLES 8: COX REGRESSION SURVIVAL ANALYSIS FOR SEVERAL VARIABLES 
 

Omnibus Tests of Model Coefficients 

-2 Log Likelihood Overall (score) Change From Previous Step Change From Previous Block 

Chi-square df Sig. Chi-square df Sig. Chi-square df Sig. 

530.451 38.282 9 .000 38.474 9 .000 38.474 9 .000 
 

Variables in the Equation 
 B SE Wald df Sig. Exp(B) 95.0% CI for Exp(B) 

Lower Upper 

AGE .009 .011 .618 1 .432 1.009 .987 1.030 

FEMALE -.304 .277 1.202 1 .273 .738 .429 1.270 

ECOG   9.374 3 .025    

ECOG (2 vs 1) .970 .414 5.475 1 .019 2.637 1.171 5.942 

ECOG (3 vs 1) 1.204 .408 8.717 1 .003 3.334 1.499 7.417 

ECOG (4 vs 1) 1.209 .457 6.998 1 .008 3.352 1.368 8.212 

METASTASTES .684 .279 5.989 1 .014 1.981 1.146 3.426 

Ur:cr .009 .003 9.904 1 .002 1.009 1.003 1.015 

LESS HYDRATED -.313 .419 .560 1 .454 .731 .322 1.661 

H2/R -.031 .011 8.605 1 .003 .969 .949 .990 

 

Covariate Means 

AGE 71.167 

SEX .533 

ECOG (2 vs 1) .244 

ECOG (3 vs 1) .400 

ECOG (4 vs 1) .189 

METASTASES .711 

Ur:Cr  96.683 

LESS HYDRATED .111 

H2/R 51.582 

 

DISCUSSION 

The results demonstrate that in advanced cancer, hydration status (as measured by H2/R and BIVA) 

relates to clinically measureable signs and symptoms. Lower TBW volume was associated with 

female gender and also linked with higher scores for symptoms and physical signs. Higher TBW was 

associated with oedema. H2/R, BIVA and pre-renal failure were independent predictors of survival.  

This study was completed successfully with a recruitment rate of 76.3% and no adverse events. 

Regression analysis demonstrated that H2/R was statistically significantly predicted by four variables. 
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Female gender was associated with a 13.85 reduction in H2/R, suggesting lower TBW (p<.001). Each 

point increase in the Burge-4 score caused a .29 reduction in H2/R (p=.04). Similarly, the Morita 

dehydration score corresponded with a 2.55 reduction in the H2/R (p=.02). As H2/R correlates with 

TBW, the findings suggest that lower TBW was associated with females and increasing intensities of 

the Burge-4 symptoms and Morita physical signs. Oedema was associated with a 10.94 increase in 

H2/R, which suggests an increased TBW for these patients. The ur:cr ratio and ECOG performance 

status were not statistically significant in the prediction equation. 

The RXc graph classified hydration status as normal in 43 (47.8%), ‘more hydrated’ in 37 (41.1%) and 

‘less hydrated’ in 10 (11.1%) patients. Direct comparison between ‘less hydrated’ and ‘not less 

hydrated’ participants demonstrated that the ‘less hydrated’ group had significantly decreased oral 

fluid intake (p=.04). Although the ‘less hydrated’ group recorded higher values for the Burge -4 

score, Morita dehydration score and biochemical variables, these did not reach statistical 

significance.  

Overall, median survival for sample was 62 days [95%CI =38.76, 85.24)]. Survival was significantly 

shorter in patients who were ‘less hydrated’, those with pre-renal failure and those with decreasing 

values for H2/R. These findings remained significant despite adjustment (using cox regression) for 

various variables.  

This study is the first to demonstrate how fluid status is associated with symptoms, survival and 

physical signs in advanced cancer. This sheds new light on the subject of hydration in palliative care. 

Our data suggest that a good level of recruitment to studies involving palliative patients is possible. 

This is noteworthy, as patients in specialist palliative care units are more likely to have more 

advanced disease and symptom burden compared to those within general medical and oncology 

units. Researchers, funders and policy makers should be encouraged by our findings as patient 

participation in research will help to identify and address patient-centred priorities at the end of 

life.33  

This study is limited by its observational nature, relatively small sample size of a mixed cancer 

sample in one centre. This study is unable to make recommendations about the appropriateness for 

use (or non-use) of clinically assisted hydration. Further work is essential to learn more about 

hydration according to different types of cancer, at specified disease stages and whether medical 

interventions are of benefit in these scenarios.  
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CONCLUSION 

This research demonstrates that the subject of hydration in advanced cancer is a complex, under-

researched and methodologically challenging. Rather than a simple question of whether CAH should 

be administered or not, it represents a complex, multi-faceted issue that requires a careful decision 

making. Several factors need to be considered, which include diagnosis, stage of disease, gender, 

ethnicity, symptoms, use of medications, performance status, quality of life, oedema and the 

potential risks and benefits of CAH. Further work is needed to determine how BIVA can be used to 

guide the management of fluid states in advanced cancer. This study provides the first step of 

journey which will hopefully improve the care of the advanced cancer patients throughout the 

world. 
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