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stimate of Body Water Compartments and
f Body Composition in Maintenance
emodialysis Patients: Comparison of Single
nd Multifrequency Bioimpedance Analysis
arlo Donadio, MD, Cristina Consani, BSci, Michela Ardini, MD,
iada Bernabini, MD, Francesca Caprio, MD, Giulia Grassi, MD,
nnalisa Lucchesi, MD, and Barbara Nerucci, MD

Objective: The goal of this study was to compare the adequacy of single and multifrequency bioimpedance
nalysis (BIA) to evaluate body water compartments, body composition, and nutritional status in maintenance
emodialysis patients.
Design: Cross-sectional study.
Setting: University-based hemodialysis unit.
Patients: Nineteen patients (12 male, 7 female), ages 28 to 82 years (mean, 58.9), treated with maintenance

emodialysis (MHD) for 0.5 to 15 years (mean, 7.3).
Intervention: This was a noninterventional study. Patients gave their informed consent to the diagnostic

rocedures performed.
Main outcome measures: Total body water (TBW), extracellular water (ECW), fat-free mass (FFM), and body cell
ass (BCM) volumes were estimated with single-frequency (sf BIA) and multifrequency (mf BIA) plethysmographs
efore and after a midweek dialytic session. Predialysis TBW also was estimated from anthropometric data (e
BW). Serum albumin, prealbumin and myoglobin, and creatinine index were determined as indicators of nutritional
tatus and muscle mass.
Results: Sf BIA and mf BIA gave very similar results for TBW volumes. A high linear correlation was also found between
TBW values and both sf TBW and mf TBW; however, a statistically significant difference was found between e TBW and

f and mf TBW. Sf BIA and mf BIA gave quite different results for ECW, particularly when measured predialysis. The results
btained for FFM indicate a poor agreement between sf and mf BIA. The agreement was better when FFM was measured
ostdialysis. The values of BCM, either measured predialysis or postdialysis, indicate a significant difference between sf and
f BIA. FFM and BCM estimated with mf BIA had a closer correlation with creatinine index than sf BIA. mf BCM had also a

igher correlation with serum myoglobin, which is produced by muscle cells.
Conclusions: TBW can be estimated with enough confidence from either sf or mf BIA at any time. On the

ontrary, the results of ECW are significantly different with sf and mf BIA when measured predialysis. Thus, it seems
ore convenient to perform BIA after dialysis, in particular when assessing the “ideal” body weight. The
easurements of FFM and BCM, obtained with either sf or mf BIA, are correlated with different indicators of

utritional status. In particular, mf BCM seems more appropriate than sf BCM for estimating muscle mass.
2005 by the National Kidney Foundation, Inc.
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HE ASSESSMENT OF the nutritional sta-
tus of chronic kidney disease patients plays

central role in nephrologic practice. In fact,
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enal insufficiency is probably an important risk
actor for malnutrition in older adults, and nutri-
ional status is a major determinant of the out-
ome of maintenance hemodialysis patients
MHD). In particular, in these patients malnutri-
ion is closely related to morbidity and is a pre-
ictor of mortality.
In MHD patients, protein-energy malnutrition

s frequent and is related to dialysis vintage, and
an be caused by a decreased intake of nutrients,

ainly proteins and calories; scarce appetite; or

rnal of Renal Nutrition, Vol 15, No 3 ( July), 2005: pp 332-344
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ESTIMATE OF BODY WATER COMPARTMENTS 333
ncreased protein catabolism due to metabolic
cidosis, hyperparathyroidism, insulin resistance,
nd inflammation. In any case, moderate to se-
ere malnutrition induces a body weight loss and
lterations in body composition, mainly a reduc-
ion in fat mass and in muscle mass and an
ncrease in total body fluids (TBW), with a prev-
lent increase in extracellular water (ECW).

One essential point, still debated, is which
ethodology to choose for early identification

nd accurate evaluation of malnutrition in MHD
atients. The Kidney Disease Outcomes and
uality Initiative (K/DOQI) guidelines 2000 re-

orted that studies are needed to determine the
ost effective combination of measures of nutri-

ional status for evaluating protein-energy malnu-
rition.1 On the basis of a recent European con-
ensus, nutritional status should be evaluated from
linical data, such as history of weight loss, body
ass index, muscle mass, subcutaneous fat mass,

nd biochemical parameters, such as plasma albu-
in, and creatinine, bicarbonate, and cholesterol

evels. Subjective global assessment is considered
well-validated tool for evaluating nutritional

tatus, and dual-energy X-ray absorptiometry
DEXA) is a useful method for attaining a more
etailed assessment of lean body mass. In any case,
omorbid conditions should be assessed and C-
eactive protein (CRP) measured as a marker of
nflammation, because there is a close relationship
etween malnutrition on one side and comorbid
onditions and inflammation on the other.2 The
urrent opinion is that the assessment of uremic
alnutrition requires using multiple measure-
ents concomitantly, with no definitive single
ethod that can be considered as a gold stan-

ard.3

In addition to nutritional evaluation, the mea-
urement of body fluid compartments is necessary
o accomplish the maintenance of the equilibrium
n body fluids, which is one of the major tasks of
emodialysis. Furthermore, the achievement of
he “ideal” or “dry” body weight is crucial for an
dequate control of arterial blood pressure. How-
ver, the assessment of ideal body weight in
emodialysis patients is still controversial. In par-
icular, different methods have been proposed to
valuate TBW, ECW, and hence the achieve-
ent of ideal body weight.
The analysis of electrical body impedance

BIA) is a simple, objective, and inexpensive

ethod of analyzing body composition and mea- p
uring body fluid volumes in normal subjects and
n patients affected by different chronic diseas-
s.4–6 Thus, BIA should allow evaluating nutri-
ional status and the equilibrium between body
uids compartments in MHD patients. BIA can
e performed using single-frequency (sf) or mul-
ifrequency (mf) plethysmographs. The adequacy
f sf BIA and mf BIA for the evaluation of body
omposition and of body fluids compartments is
till debated. Finally, the usefulness of the mea-
urements of fat-free mass (FFM) and of body cell
ass (BCM) obtained by BIA as indicators of
uscle mass in MHD patients still needs to be

ully validated.
The primary goal of this study was to compare

he adequacy of sf and mf BIA to evaluate body
uids compartments (TBW and ECW) and body
ass composition (FFM and BCM). The useful-
ess of sf BIA and mf BIA for the evaluation of
utritional status in MHD patients will be com-
ared.

Patients and Methods
atients
Nineteen end-stage renal disease patients (12
ale, 7 female), clinically stable, without signs of

dema, treated with maintenance hemodialysis
or 6 months to 15 years (mean, 7.3 years), ages
8 to 82 years (mean, 58.9 years), with a body
eight of 143 to 179 cm (mean, 165 cm), body
eight of 48.9 to 99.3 kg (mean, 68.2 kg), and a
ody mass index of 17.9 of 35.6 (mean, 25.0)
articipated in this study. Seven patients were
reated with bicarbonate hemodialysis; 12 were
reated with hemodiafiltration. Patients were
reated with a 3 dialysis/week schedule, 3 to 4
ours long for each session. All patients had null
esidual renal function and were totally anuric.

The study was conducted in accordance with
he ethical guidelines proposed by the Declara-
ion of Helsinki. All patients gave their informed
onsent.

tudy Protocol
Patients were examined on the occasion of a
idweek dialytic session and at the next session.
ody weight, serum urea, and serum creatinine
ere measured immediately before the beginning
f the two dialysis sessions and 30 minutes after
he end of the first session. Serum proteins, albu-
in, prealbumin, myoglobin, and C-reactive
rotein were measured immediately before the
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DONADIO ET AL334
idweek session. BIA was performed immedi-
tely before both dialytic sessions and 30 minutes
fter the end of the midweek dialysis session.

easurement of Body Height and
eight
Body height was measured at the nearest 0.5

m using a standard stadiometer; weight was
easured with an electronic bed scale at the
earest 0.1 kg.

easurement of Electrical Body
mpedance

Four electrodes were placed on the right hand
nd foot,4 or on the side contralateral to the
rteriovenous fistula, of supine patients, and
hole-body BIA was measured with sf and mf
lethysmographs. The measurements were per-
ormed immediately before the start and 30 min-
tes after the end of a midweek dialytic session,
nd immediately before the start of the next
ession, 2 days later.

ingle-Frequency Impedance Analyzer
Resistance and reactance, which are the two

ectors of impedance, were measured with an sf
mpedance analyzer (STA-BIA, Akern, Florence,
taly), using a low-amplitude alternate current at
ingle frequency (0.8 mA, 50 KHz). It is generally
cknowledged that resistance depends positively
n fat content of the body and negatively from
otal body fluids. Reactance, which expresses the
apacitance of the body, is positively dependent
rom the number of cell membranes. In addition
o resistance and reactance values, this apparatus
isplays a value of BCM, estimated from these
lectrical data, without knowledge of the height
nd weight of the patients.

ultifrequency Impedance Analyzer
Total body electrical impedance to an alternate

urrent (0.2 mA) with four different frequencies
5, 50, 100, and 200 KHertz) was measured using

multifrequency analyzer (Quadscan 4000,
odystat, UK). It is generally acknowledged that

mpedance is low in the presence of a high
mount of body fluids. In particular, impedance
o the passage of a high-frequency current de-
ends on total body fluids, whereas impedance to
ntroduction of a low-frequency current depends

nly from extracellular fluids. s
otal and Extracellular Body Water
Predialysis volume of TBW was estimated (e

BW) according to Chertow et al7 from age,
ender, height, predialysis weight, and diabetes
tatus. In the same patients, predialysis and post-
ialysis values of TBW were obtained by means
f the sf BIA (sf TBW) and by the mf BIA (mf
BW).
Because no formula is available for predicting

CW from anthropometric data, predialysis and
ostdialysis values of ECW volume were ob-
ained only by means of BIA: sf ECW and mf
CW.

at-Free Mass and Body Cell Mass
Predialysis and postdialysis values of FFM and

CM volume were obtained by means of sf BIA
sf FFM and sf BCM) and mf BIA (mf FFM and
f BCM), using the different manufacturer equa-

ions that combine electric data with body weight
nd height of patients. An additional value of
CM (sf1 BCM) was directly obtained with sf
IA apparatus from electric measurements, with-
ut knowledge of the body weight and height of
atients.

linical Chemistry Determinations
Serum creatinine and urea were measured us-

ng a standard autoanalyzer method (Crea Roche,
itachi 917; Urea Roche, Hitachi 917). Serum

realbumin was measured with a nephelometric
ethod (N Antiserum to human prealbumin,
ade Behring, Italy). Serum total protein con-

entration was measured by the biuret method,
nd albumin percentage was determined by den-
itometry, after electrophoretic separation on aga-
ose gel of plasma proteins (Hydragel, Sebia,
enelux). Plasma myoglobin was determined by
eans of a sandwich immune enzymatic method

Access Myoglobin; Beckman Coulter, Milan,
taly). Serum C-reactive protein level was mea-
ured with a nephelometric method (N High
ensitivity CRP, Dade Behring, Italy).

reatinine Generation, Creatinine
etabolism, and Creatinine Index

Creatinine is produced by muscles and is
xcreted almost exclusively via the kidneys. In

teady-state conditions, 24-hour urinary creat-
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ESTIMATE OF BODY WATER COMPARTMENTS 335
nine excretion equals creatinine production,
hus it is commonly measured to assess the
mount of muscle mass.8,9 Similarly, in anuric
HD patients, creatinine appearance in the

lood in the interdialytic period or in the
ialysate during the dialytic session may be
sed to assess creatinine generation. In these
atients, creatinine also undergoes an extrare-
al degradation. Creatinine generation plus ex-
rarenal degradation of creatinine (or creatinine
etabolism) gives the value of creatinine pro-

uction, which can be used to assess the
mount of muscle mass in MHD patients.10

Creatinine generation (mg/24 h) was calcu-
ated in MHD from the increase in serum
reatinine, in the interdialytic period from the
nd of the midweek dialysis to the beginning of
he next dialysis session, assuming a distribution
olume of creatinine equal to the volume of
BW, because it has been shown that creati-
ine distribution space is very close to TBW
easured by BIA.11 Serum creatinine concen-

ration at the end of dialysis was adjusted on the
asis of the decrease in TBW caused by ultra-
ltration during dialysis.

reatinine generation (mg ⁄ 24h)

� � Serum creatinine � TBW � 24 h � t (h)

� t (h): time interval between the end of the
idweek dialysis and the beginning of the next

ialysis session.
Creatinine metabolism (mg/24 h), or extrare-

al degradation rate, was estimated from an ex-
rarenal clearance of 0.038 L/kg BW/ 24 h12 and
he average creatinine concentration in the inter-
ialytic period.11

Finally, creatinine index (mg 24/h) was calcu-
ated as creatinine generation plus creatinine me-
abolism.

ialytic Efficiency
Dialytic efficiency was calculated as single-pool

ariable volume Kt/V and as a urea reduction
atio with the standard formulas.

rotein Catabolic Rate
Normalized protein catabolic rate (nPCR) was

alculated from the interdialytic increase in urea
etween the end of the midweek session and the

eginning of the next dialysis session, and the f
ime interval between the two samples with the
tandard formula.

tatistical Analysis
The linear correlation and the agreement13

mong the different measurements were tested.
The Student’s t-test was used to evaluate the

tatistical significance of the differences between
he mean values of different groups of data. A P
alue lower than .05 was considered statistically
ignificant. Statistical analysis was performed us-
ng MedCalc Software, Mariakerke, Belgium,
ersion 6.00.016, 2000.

Results
The results (median, mean, and range values)

f sf BIA and mf BIA and of the biochemical
arameters commonly measured in MHD pa-
ients to assess the adequacy of renal replacement
herapy, to evaluate inflammatory and nutritional
tatus, and the protein catabolic rate are reported
n Table 1. The values of Kt/V and urea reduc-
ion ratios indicate that patients received an ade-
uate dose of dialysis. Serum levels of CRP, often
bove the upper level of reference range, suggest
n inflammatory status in most patients. The wide
anges found for serum creatinine, urea, albumin,
realbumin, and nPCR indicate that this group of
atients comprises either malnourished or well-
ourished subjects. The wide ranges of creatinine
ndex and of serum myoglobin values suggest
ide differences in the amount of muscle mass in

he examined patients.

otal Body Water Volumes
A high linear correlation was found between e

BW values and both sf TBW (r � 0.967) and mf
BW (r � 0.971). However, the agreement plots

ndicated a statistically significant difference be-
ween anthropometrically estimated values of
BW and those measured with either sf BIA

mean difference, �1.72 L, P � .01) or mf BIA
mean difference, �1.67 L, P � .01). Further-
ore, the ranges of agreement (which encompass

5% of patients) between e TBW and either sf
BW or mf TBW were very wide (10.7 and 8.27
, respectively).
Sf BIA and mf BIA gave very similar results for

BW volumes measured predialysis (Fig 1). In

act, a very high linear correlation was found
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DONADIO ET AL336
etween sf TBW and mf TBW, the slope of their
elationship was near 1, and the intercept value
as near 0. Thus, mean values of sf TBW and mf
BW were not significantly different (mean dif-

erence, 0.04 L). Very high correlation and good
oncordance were also found between postdialy-
is measurements, with a mean difference of 0.45

(Fig 1).

xtracellular Body Water Volumes
Predialysis sf BIA and mf BIA gave quite dif-

erent results for ECW volumes (Fig 1). In fact,
ven if a high linear correlation was found be-
ween these two measurements, the analysis of
greement plots indicates a relevant and statisti-
ally significant difference between sf ECW and
f ECW (mean difference, �1.22 L, P � .01).

able 1. Clinical Chemistry Determinations, Body W
ingle-Frequency and Multifrequency Analysis at M

Pre-dialysis
Serum creatinine, mg/dL
Serum urea, mg dL
Serum prealbumin, mg/dL
Serum albumin, g/L
Serum C-reactive protein, mg/dL
Serum myoglobin, ng/mL
Body weight, kg
sf TBW, L
mf TBW, L
sf ECW, L
mf ECW, L
sf FFM, kg
mf FFM, kg
sf BCM, kg
mf BCM, kg

Postdialysis
Body weight, kg
sf TBW, L
mf TBW, L
sf ECW, L
mf ECW, L
sf FFM, kg
mf FFM, kg
sf BCM, kg
mf BCM, kg
Kt/V
Urea reduction ratio, %
n Protein catabolic rate, g/kg

BW/day
Creatinine index, mg/24 h
Creatinine index, mg/kg BW

Abbreviations: TBW, total body water; ECW, extrace
inglefrequency BIA; mf, multifrequency BIA.
urthermore, the range of agreement between sf M
CW and mf ECW was also very wide (6.9 L).
lightly better results were found after the dialy-
is. In fact, at this time the values of sf ECW and
f ECW were not statistically different. How-

ver, the range of agreement between the two
easures was 6.0 L.
Lower values of TBW and ECW were found

n female patients. In any case, the relationship
etween sf BIA and mf BIA seems similar to that
f male patients.

at-Free Mass
A very high linear correlation was found be-

ween sf FFM and mf FFM, measured either
redialysis or postdialysis (Fig 2). However, the
ntercept values were significantly different from

(�5.64 kg predialysis, �8.08 kg postdialysis).

t, and Body Impedance Analysis Performed with
ek Dialytic Session

n Mean Range

10.4 4.8–15.8
157.3 57–242
30.4 20.2–38
39.4 34.0–45.0
1.6 0.3–7.3

248.4 82–679
68.2 48.9–99.3
37.5 20.8–52.5
37.6 22.8–51.3
17.9 12.2–26.0
16.7 11.5–21.8
49.1 28.5–71.8
47.7 24.9–70.9
23.3 7.7–41.6
28.9 17.1–42.1

64.9 45.9–95.0
33.6 20.7–45.3
34.0 21.4–45.0
14.9 10.1–23.8
15.0 10.8–19.3
43.9 26.9–61.9
43.4 22.3–64.5
22.3 10.0–37.1
27.1 15.9–38.4

7 1.51 1.19–2.20
70.8 63.9–83.9

6 1.06 0.70–1.44

1251 535–2066
19.0 10.2–29.6

water; FFM, fat-free mass; BCM, body cell mass; sf,
eigh
idwe

Media

10.9
166
32.2
39
1.1

246
64.8
39.9
38.8
18.0
16.7
50.1
48.3
22.7
30.9

61.5
35.8
36.7
15.3
15.6
45.6
45.4
23.4
29.7
1.4

69.9
1.0

1360
20.0

llular
ean values of predialysis sf FFM and mf FFM
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igure 1. TBW and ECW volumes (L) measured before a midweek dialysis session and 30 minutes after the
nd of dialysis with BIA. sf TBW and sf ECW are measured with sf BIA; mf TBW and mf ECW are measured
ith mf BIA (Œ, female patients; ●, male patients). The equations for linear correlations and the correlation
oefficients are reported on the correlation plots (left side). The mean differences and the ranges of

greement (mean difference � 1.96 SD) are reported on the agreement plots (right side).
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igure 2. FFM and BCM volumes (kg) measured before and after a midweek dialysis session with BIA. sf FFM
nd sf BCM are measured with sf BIA; mf FFM and mf BCM are measured with mf BIA (Œ, female patients;
, male patients). The equations for linear correlations and the correlation coefficients are reported on the
orrelation plots (left side). The mean differences and the ranges of agreement (mean difference � 1.96 SD)

re reported on the agreement plots (right side).
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ESTIMATE OF BODY WATER COMPARTMENTS 339
ere slightly but significantly different (mean
ifference, mf-sf FFM � 0.45 kg, P � .05), and
he range of agreement between sf FFM and mf
FM was quite wide (7.94 kg). Mean values of
ostdialysis sf FFM and mf FFM were not signif-
cantly different; however, the range of agree-
ent between sf FFM and mf FFM continued to

e quite wide (11.27 kg), and the agreement
eems different in female and male subjects.

ody Cell Mass
Predialysis sf BIA and mf BIA gave quite dif-

erent results for BCM volumes; mf BCM values
ere higher than sf BCM values. In fact, even if
high and statistically significant linear correla-

ion was found between mf BCM and sf BCM
alues (Fig 2), the analysis of agreement plots and
orresponding data indicate a relevant and statis-
ically significant difference between mf BCM
nd sf BCM (P � .001). Furthermore, the range
f agreement of mf BCM with sf BCM and sf1
CM was also very wide (17.58 and 18.55 kg,

espectively). Postdialysis measurement of sf and
f BCM gave no particular improvement with

espect to predialysis measures.
A very high linear correlation was found be-

ween sf BCM and sf1 BCM (obtained directly
rom electrical data of sf BIA), either measured
redialysis or postdialysis. The slope of their re-
ationship was close to 1, and. the intercept value
as not significantly different from 0. However,

he mean values of sf BCM and sf1 BCM were
lightly but significantly different (�1.82 kg, P �
001 predialysis; �1.21 kg, P � .001 postdialysis)
nd the ranges of agreement were 2.81 and 2.32
g, respectively. The results of BCM show a poor
greement between the measurements obtained
ith sf and mf BIA.
Attempting to establish the kind of BIA appa-

atus, the time of BIA measurement, and the
arameters of body composition that are more
dequate for evaluating the muscle mass and the
utritional status of MHD patients and the results
f FFM and BCM obtained with sf and mf BIA,
redialysis and postdialysis, were compared with
he values of creatinine index and with serum
evels of myoglobin, prealbumin, and albumin.
ll of the different measurements of FFM and
CM had statistically significant linear correla-

ions with the values of creatinine index (Fig 3),

hich is a marker of the amount of muscle mass E
hat a patient has. In particular, the results of FFM
nd BCM obtained with mf BIA, both predialysis
nd postdialysis, had higher values of the corre-
ation coefficient r with the creatinine index than
he results of sf BIA. Furthermore, the values of
f BCM, either predialysis or postdialysis, had a

ignificant correlation (predialysis, r � 0.696, P �
001; postdialysis, r � 0.688, P � .005), slightly
igher than that of sf BCM (r � 0.689, P � .005;
� 0.617, P � .005) with the serum levels of
yoglobin, a low-molecular-weight protein that

s produced by muscle cells. The values of mf
FM, either predialysis or postdialysis, also had a
ignificant correlation (predialysis, r � 0.666, P �
005; postdialysis, r � 0.663, P � .005), similar to
hat of sf BCM (r � 0.651, P � .005; r � 0.656,

� .005) with the serum levels of myoglobin.
hese data indicate that mf BCM is the measure-
ent of body composition best correlated with

he amount of muscle mass, and the significance
f the correlation is similar for predialysis and
ostdialysis measurements.
Statistically significant correlations were found

etween serum levels of prealbumin and either
redialysis or postdialysis values of sf FFM (pre-
ialysis, r � 0.5784, P � .01; postdialysis, r �
.5806, P � .01), mf FFM (r � 0.5927, P � .01;
� 0.5665, P � .05) and mf BCM (r � 0.560, P

.05; r � 0.5566, P � .05). A significant
orrelation with serum levels of prealbumin was
ound for postdialysis values of sf BCM (r �
.5265, P � .05, but not predialysis sf BCM.
nly sf BCM values, both predialysis and post-

ialysis, were significantly correlated (r � 0.514,
� .05; r � 0.5477, P � .05) with serum

oncentrations of albumin.

Discussion
Body mass index (BMI), which relates body
eight to squared height, is the most commonly
sed parameter to evaluate nutritional status. BMI
an give useful information in population studies,
hereas it is less useful in the evaluation of

ndividual subjects. In fact, in overweight patients
MI cannot discriminate among increase of fat,
uscle mass, or body water volumes. On the
ther hand, in malnourished patients BMI under-
stimates the severity of malnutrition, because in
rotein-energy malnutrition the decrease of fat
nd muscle mass is accompanied by an increase in

CW volume. Therefore, an accurate evaluation
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igure 3. Creatinine index (mg/24 h) versus FFM and BCM volumes (kg), measured before and after a
idweek dialysis session with BIA. sf FFM and sf BCM are measured with sf BIA; mf FFM and mf BCM are
easured with mf BIA (Œ, female patients; ●, male patients). The equations for linear correlations and the
orrelation coefficients are reported on the correlation plots.
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ESTIMATE OF BODY WATER COMPARTMENTS 341
f nutritional status needs a precise quantitative
ssessment of the constituents of body mass and
he evaluation of the distribution of body fluids.
EXA is a recommended method for body com-
osition analysis in adult dialysis patients.1–2 In
act, DEXA allows measurement of fat mass, lean
ody mass, and bone mass. However, DEXA
annot give an exhaustive evaluation of nutri-
ional status because it does not measure body
uids compartments and body cell mass, which is
he edema-free lean body mass. Thus, DEXA
easurements are commonly used to assess body

at. It is worthy of notice that not all malnour-
shed patients present a decrease in body fat con-
ent.

BIA is a simple and nonexpensive technique
hat should allow a thorough evaluation of the
utritional status because it estimates the most
elevant components of body mass and the body
uids compartments. However, data from pub-

ished papers aimed at assessing the adequacy of sf
nd mf BIA for the evaluation of body fluids
ompartments (TBW and ECW) and of body
omposition (FFM and BCM) seem quite con-
icting. In fact, results in healthy subjects indicate
hat TBW can be adequately estimated by means
f sf BIA, and ECW by means of dual-frequency
IA.14 Furthermore, bioimpedance spectroscopy

eems to improve the prediction of ECW.15 In
enal transplantation patients mf BIA, compared
ith isotope dilution techniques, resulted in suit-

ble measurement of TBW, whereas the agree-
ent between the isotope dilution method and
f BIA for the measurement of ECW was not

atisfactory.16 In renal transplantation patients, sf
IA was found adequate for highlighting changes

n body compartments not only in patients with
raft dysfunction, but even in those with good
raft function.17,18 In hemodialysis patients, a
ood correlation and excellent agreement were
ound between TBW measured by sf BIA and

2O dilution.5 Mf BIA seemed very useful in
ssessing both TBW and body composition in
nd-stage renal disease patients.6 In patients on
ong-term dialysis therapy, using DEXA as a
eference method, the method of skinfold thick-
ess was preferable over BIA, which showed
ender-specific variability in the assessment of
ody fat.19 Other articles report that in hemodi-
lysis patients the agreement between mf BIA and
racer dilution techniques in the assessment of

BW and ECW is unsatisfactory; in any case, mf d
IA adequately predicted acute changes in
CW.20

In addition to the conventional whole-body
f BIA, a new approach for routine monitoring
f the body fluid variation in the single pa-
ients, based on the analysis of the bivariate
istribution of the impedance vector, has been
roposed21 and applied in hemodialysis pa-
ients.22 This method avoids potential difficul-
ies caused by the use of prediction equations,
hich are necessary for classic BIA analysis.
owever, in a large population study per-

ormed on normal subjects and on dialysis pa-
ients, the results obtained by means of phase
ngle analysis, bivariate analysis, and prediction
quation method, using sf BIA, corroborate
ach other.23 On the other hand, the phase
ngle and bivariate analysis do not give numer-
cal values for the different body compartments
FFM, BCM, TBW, ECW, etc), thus the in-
erpretation of results and of the variations in
he time is less intuitive than with conventional
IA. Furthermore, the measurement of phase
ngle and the bivariate analysis need the mea-
urement of both resistance and reactance vec-
ors of impedance, which are measurable with
he sf BIA apparatus but not with the mf BIA
pparatus that we used. For all of these reasons,
e decided to analyze all of our BIA measure-
ents with the classic method of prediction

quations.
The ideal time to perform the analysis of body

omposition by means of BIA has not been
learly established. It has been reported that the
IA can be appropriately performed in the post-
ialysis period of 2 hours in patients treated only
ith a standard diffusive technique.24

Our data indicate a similar relationship be-
ween sf and mf TBW, both predialysis and
ostdialysis. In fact, the present study was per-
ormed in a small group of nonhomogeneous

HD patients, differing in age, dialysis vintage
nd technique, nutritional status, and possibly in
chievement of “ideal” body weight. In spite of
ll of these difference, sf BIA and mf BIA clearly
ave very similar values for TBW, measured
redialysis and postdialysis at a midweek hemo-
ialysis session. To the contrary, in our patients,
redialysis TBW, estimated from anthropometric
ata, gave significantly different results from both
f TBW and mf TBW. For practical reasons, we

id not measure, as a gold standard, the TBW by
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DONADIO ET AL342
he D2O dilution method. However, it seems
easonable to assume that sf and mf TBW values
hat were very similar to each other, being mea-
ured by means of sf BIA and mf BIA, which rely
n very different physical principles, are probably
ore accurate than TBW volumes estimated

rom anthropometric data. These results confirm
hat BIA provides more consistent and reproduc-
ble results than standard anthropometry alone.25

urthermore, our results agree with the reported
ignificant overestimation of modeled urea vol-
me in MHD patients by anthropometrically
stimated TBW.26 In any case, BIA is considered
he most accurate surrogate marker for the mea-
urement of TBW in end-stage renal failure pa-
ients.6 To the contrary, BIA seems not fully
dequate for measuring ECW. In fact, sf and mf
IA gave significantly different results for ECW
olumes, particularly when measured predialysis.
urther studies should address the assessment of
CW volumes in hemodialysis patients.
Body cell mass, or edema-free lean body mass,

s the constituent of body mass with the highest
etabolic activity. Muscle mass represents the
ajor constituent of BCM. Thus, the measure-
ent of BCM can give important information on
utritional status of MHD patients, who are at
igh risk of protein-energy malnutrition with
eduction of muscle mass and increase in ECW
olumes. Because the value of BCM is indepen-
ent from the amount of ECW, it should be
ore adequate than the measurement of FFM,
hich is influenced by ECW, to assess malnutri-

ion in MHD patients.
In normal healthy subjects and in patients with

he human immunodeficiency virus, body com-
osition (TBW, FFM, and BCM) was accurately
stimated with sf BIA, and such estimates are
onsidered sufficiently precise for use in clinical
nvestigation and practice.27 Similarly, using an
f BIA–derived equation, it was possible to

ccurately estimate FFM and total body nitrogen,
hich is a reference marker of nutritional status.6

urthermore, the measurements of BCM, ob-
ained with sf BIA, were in excellent agreement
ith those obtained with deuterium oxide and

odium bromide isotope dilution methods, indi-
ating that BIA is a valid and reliable method of
utritional assessment in MHD patients.5 Pub-

ished data seem to indicate that both sf BIA and
f BIA can be used for the analysis of body
omposition. However, there are no exhaustive B
tudies addressed to compare these two tech-
iques.
In the present study, body composition analysis
ith sf BIA was compared with mf BIA. The

esults of FFM and mainly those of BCM showed
poor agreement between the measurements

btained with sf and mf BIA. However, all of
hese measurements significantly correlated with
ifferent biochemical indicators of nutritional sta-
us. FFM and BCM values, particularly those
btained with mf BIA, were more strictly corre-

ated with biochemical markers of muscle mass,
uch as creatinine index and myoglobin, than
ith indicators of visceral proteins, such as albu-
in and prealbumin. These results, which prob-

bly depend on the fact that muscle mass is an
mportant constituent of FFM and the major
onstituent of BCM, are in agreement with the
xtensive study by Chertow et al in hemodialysis
atients.28 These investigators found that BCM
orrelated more closely with serum creatinine
han with albumin and prealbumin concentra-
ions, suggesting that bioimpedance and bio-
hemical markers capture somewhat different di-
ensions of nutritional status. Our previous data

howed that in chronic kidney disease patients
ith different degrees of renal function, it is
ossible to estimate the daily creatinine produc-
ion and excretion from the values of FFM and
CM obtained with sf-BIA.29–30

Preliminary data in healthy volunteers, using as
reference method the measurement of total

ody potassium, suggest that it should be possible
o measure accurately BCM with sf or mf BIA,
ith device-specific equations.31

The measurement of BCM obtained directly
ith sf plethysmograph soft tissue analyzer

STA)-BIA, without the need for measurement
f height and weight, could greatly simplify the
nalysis of body composition in particular
roups of patients, such as those in intensive
are units. Our results indicate that this esti-
ate of BCM was strictly correlated with but
ot identical to the standard BCM obtained by
ombining body weight and height to electrical
ata of sf BIA. The few other data available
ndicate that this estimate of BCM is correlated
ith BCM measured from total body potas-

ium, although differing significantly from the
dentity, whereas the BCM values obtained
ith standard sf BIA were more similar to

CM measured by total body potassium; thus
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ESTIMATE OF BODY WATER COMPARTMENTS 343
his simplified method cannot be used with
onfidence.32

As far as body composition analysis is con-
erned, the results of this study suggest that mf
IA is more adequate than sf BIA for the
valuation of muscle mass in MHD patients
ecause the highest correlations were found
etween data derived from mf BIA, namely
CM, and the creatinine index, which is a
ell-documented parameter of muscle mass,

nd serum myoglobin levels, which can be
roposed as a simple tool for estimating muscle
ass in MHD patients.

Conclusions
TBW volume can be estimated with enough

onfidence from both sf and mf BIA in main-
enance hemodialysis patients. On the contrary,
ne should be very prudent in evaluating the
esults of body water compartments analysis
ecause the measurement of ECW volume may
e significantly different depending on the
ethod used. Both sf and mf BIA estimate

arameters of body composition, FFM, and
CM, which are significantly correlated with
ifferent indicators of muscle mass and nutri-
ional status. However, mf BIA seems more
dequate than sf BIA for estimating muscle
ass in dialysis patients.
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