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Comparison of bio-impedance spectroscopy and
multi-frequency bio-impedance analysis for the assessment
of extracellular and total body water in surgical patients
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1. Measurements of extraceliular and total body
water provide pseful information on the nutritional
statms of surgical patients and may be estimated from
whole-body bic-impedance measurements at different
frequencies,

2 Resisiance and reactance were measured at 50
frequencies from SkHz to I MHz in 29 surgical
patients (17 males, 12 females) with a wide range of
extraceilyfsr to_totsl body water ratios.

3. A fit to the spectrum of reactance versus resis-
tance data gave predicted resistances at frequencies
zero and infinity. Values of extracellular and total
body water determined by this bio-impedance spectro-
scopy technique were regressed against  values
obtained from radioisotope dilution. The standard
errors of the estimate were 1.893] and 32591
respectively.

4. Resistance indices (height®/registance} at selected
frequencies gave the highest correlationy with extra-
cellular and total body water at SkHz snd 200 kHz
respectively, and prediction equations derived from

multiple stepwise regressions also showed these to be
the optimum frequencies The standard errors of the
estimate for this multi-frequency bio-impedance
analysis method were L9371 and 26061 for extra-
ceflular and total bedy water respectively,

5. To assess the ability of the twa methods to
measure changes in extracellufar and total body
water, rteproducibility was assessed from repeat
measurements 1) min apart in a subgroup of 15
patients. Bioc-impedance spectroscopy gave mean
coefficients of variation for extracellular and total
body water of 0.9% and 1.0% respectively. For mulii-
frequency bio-impedance anslysis the corresponding
coeflicients of variation were 0.9% and 0.6%.

6. It_is concluded that # simple imyedance analyser
operating at only two frequencies compares favour-
ably with the more complex spectroscopy technique
for_the determination of extracellular and total body

water_in surgical patients.

INTRODUCTION

Bio-impedance analysis (BIA) is a simple. non-
invasive method for the assessment of total beody
water (TBW). In subjects with normal hydration,
fat-free mass may also be estimated [1]). The
method involves passing a2 small radiofrequency
current. typically at 50kHz between surface eiec-
trodes piaced on a hand and a loet, and measuring
the impedance 1o the current flow using detection
electrodes placed adjacent to the source elecirodes,
The impedance is usuvally normalized by the square
of the subject's height and the prediction equation
may also include other parameters such as age and
weight. The principie of the BIA technigue is that it
is essentially the electrolyte-containing water which
conducts the electrical current. At 50kHz the cur-
rent does not completely penetrate the ¢zil mem-
branes but in normal subjects this is not particularly
important because the intracellular volume repre-
sents a relatively constant proportion of the TBW,
In patients there may be significant variations in the
proportions of intracelluiar and extraceiluiar water
and it is more importan! that the frequency is high
enough to allow the current to compictely penetrate
the intracellular spacs.

However, the measurement of TBW is of limited
value_in the nutritional assessment of the seriously
ill patient. Patients with trauma or sepsis may retain
flurd in response (o nutritional support and weight

gain_may simply reflect an expansior of the exira-
cellular water space. Such weight gain cannot be
considered as an mpeovement in nutritional status
a3 it does not reflect_an increase in protein stores
(2]. A more useful assessment of nutritional status
in_such patients may_be obtained from separate
estimates of extraceilular water (ECW) and TBW.
ECW and TBW can be measured by stable or
radicactive isotopes but the methods used are rela-
tively complex and are not generally available,
Various bic-impedance instruments are available
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which attempt to measure ECW and TBW by
measuring impedance at differsnt radiofrequencies.
These instruments vary from relatively simple ones
which measure resistance a1 only two frequencies to
more complex ones which measure resistance and
reactance at & wide range of frequencies and require
a computer to perform data analysis. The basic
principle of these insiruments is that at low fre-
quencies the capacitive nature of the cell membranes
does not allow the current Lo penetrate the cell so
the impedance is related only to the ECW. At very
high frequencies the current is able to penstrale the
cell membranes and the impedance is a measure of
the combined intracellular and extracellular spaces.
Theoreticaily the optimum frequencies for the gxtra-
cellular and total body water spaces are zero and
infinity respectively. In practice it is not possible (o
make reliable impedance measurements below about
5kHz or above about | MHz. Studies at various
frequencies have been carried out in normal subjects
[3. 4] but in patients with altered hydrational status
the optimum frequencies have not been established.

We have measured impedance {resistance and
reactance) frem SkHz 1o 1 MHz in a heterogencous
group of surgical patients with a wide range of body
habitus parameters and a wide range of ECW/TBW
ratios. A modeiling program supplied by the manu-
facturer of the analyser was used to predict the
impedances at frequencies zero and infinity, from
which ECW and TBW were estimated. This method
is referred to as bio-impedance spectroscopy {BIS).
In addition, resistance indices (height*/resistance)
were noted for selected frequencies and  were
regressed against ECW and TBW measured by
radioisotope dilution. The optimum frequencies for
ECW and TBW were established using multiple
stepwise regression (o develop appropriate predic-
tion equations. This technique is referred to as
multi-requency bio-impedance analysis (MFBIA).
The aims of this work were (i} to assess the
optimum {requencics for the measurement of ECW
and TBW in surgical patients, (ii) to compare the
errors obtained by the MFBIA prediction equations
with those obtained by the more complex BIS
technique, and {iii) to assess the reproducibility of
the B!S and MFBIA methods.

METHODS
Subjects

The subjects consisted of 29 surgical patients (17
males. 12 females). All patients signed an informed
consent form and the'study had the approval of our
hospital's Ethical Commirtes. Six patients were on
total parenteral nutrition and five of the remaining
patients were on intravenous fluids, The presence of

oedema, indicated by pitting of the limbs, was noted

in n 1t st subjects. The diagnoses were as follows: |}
patients had gasirointestinal _cancer, eight  had
benign gastrointestinal disease, nine had pancreatitis

and one had inflammatory bowe| disease. In addi-

Table I. Mean vilues, SD and range far age, height, weipht, body
mass index, ECW, TBW and tha ratlo ECW/TBW for the If surgleal
patlents

Mean Hal Range

Age {yeary) 611 153 eI
Height {cm) 1855 ns 127.0-135.4
Weight (k) 595 1)4 148800
Bady muss index (kgrm') u? 18 16219
ECW iy 143 37 1L0-26.2
TSW ( 173 14 a4
ECW/TBW 0541 0061 0.338-2.80

tion to the impedance measurements, height, weight
and age were included in the regression analysis.
Height (H) was measured using a stadiometer with
the patient standing upright and weight (W) was
measured on beam balance scales. The character-
istics of the patients are summarized in Table I.
None of the measurements were performed within
the first post-operative week.

An important consideration in the evaluation of
bio-impedance methads is the ability to measure
changes in ECW and TBW. To assess the reprodu-
cibility in patients, it is important to perform the
repeat measurements within a relatively short time
in order to climinate the possibility of actual
changes in ECW or TBW. However, possible effects
introduced by differences in electrode placement
should be included in such an assessment, To assess
the reproducibility of the BIS and MFBIA methods,
repeal measurements were performed in a subgroup
ol 15 patients {nine males, six females). For con-
venience the reproducibility was assessed from two
measurements 10min apart with the electrodes re-
placed between measurements,

Radicisotope dilution

'H-Labelled water (2MBq; Amersham Inter-
national, Amersham, U.K.} and ""Br (.7 MBq) as a
carrier-free solution of bromide in isotonic saline
(MRC Cyctotron Unit, Hammersmith Hospital,
London, UK. were administersd intravenousty
after an overnight fast. A (0ml blood sample was
taken at 3h. The activity of ""Br in Jml of plasma
was determined by assaying the plasma sampie and
a standard of known activity in an automatic y-
counter. The bromide distribution volume was cal-
culated by dividing the activity administered by the
activity per litre of plasma. The ECW volume was

calculated by correcting the bromide distribution
volume for erythrocyte bromide concentration
(0.90), the Donnan equilibrium effect (0.95) and the
concentration of water in serum (0.94) [3]:

[7Br],
ECW(l) = B 0.90x095x094 (1)

whcrc ["7Br], and [""Br], represent the activity of
"B administered and the activity per litre of
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plasma respectively. The activity of *H in Imt! of
plasma and in a known $tandard were determined
by assaying the samples in a liquid-scintillation
counter with quench corrections. The contribution
from 7’Br in the plasma sample was determined by
counting the sample twice, approximately 3days
apart. Sincc therc is no significant decay of *H
during this period the reduction in count rate was
attributed entirely to the decay of the ""Br, and
from the differcnce in count rate the initial contribu-
tion of "'Br to the combined *H and "Br was
determined. TBW was calculated from

3
WD) =5k <094 % 0.96 (2

CH,
where [*H], and [*H]J, represent the aclivity of *H
administered and the activity of *H per litre of
plasma respectively, 0.94 is the correction for the
concentration of water in serum and 0.96 corrects
foc exchange of *H with non-aqueous hydrogen in
the body.

Bio-mpedance spectroscapy {BIS)

Total body resistancs (R} and reactance {X) were
measured using a Xitron 4000B Muiti-Frequency
Big-impedance Analyser (Xitron Tschnologies, 3an
Diego. CA, U.S.A.) operated at 200 uA. Before each
patient measurement the analyser was scif-calibrated
using a test resistor supplied by the manufacturer.
The areas of the skin to which the electrodes were
to be applied were wiped using swabs salurated
with 70%, isopropyl alcohol. The electrodes recom-
mended by the manufacturer of the bio-impedance
anatyser were used (Xitron type 154000); these are
self-adhesive pre-gelled clectrodes with a  surface
contact area of 13.5em? The current source elec-
trodes were positioned on the right hand and fcot
just proximal to the third metacarpal and metatar-
sal bones respectively. The detection slectrodes were
placed on the right wrist between the radius and
ulna, and on the right ankle between the malleoti.
The impedance measurements were made with limbs
and leads apart after the patient had been lying
supine for at least Smin. Resistance and reactance
were measured at 30 frequencies from 5SkHz to
[ MHz The resistance and reactances measurements
were transferred to a type 486X laptop computer.
Analysis was performed using a computer program
supplied by Xitron Technolegies (version [.00D) in
which the spectrum of reactance versus resistance
values are plotted. A semi-circle function is then
fitted to the data, and where the curve cuts the
resistance axis the resistances at frequencies zero
and infinity are predicted. These correspond to the
extracelluiar resistance and the total body water
resistance respectively and are combined with
weight. height and resistivity of extraceilular and
intracellular water to calculate the extracellular,
intracellular and total body water volumes based on
the Hanai mixture theory [6]. The values of ECW
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and TBW estimated by the BIS method were
regressed against the values obtained by radio-
isotope dilution.

Multi-frequency bicimpedance anzlysis (MFBIA)

These measurements were extracted from the BIS
tneasurements by noting the tesistance (R} and
reactance {X,) at frequencies {f) 5, 50, 100, 200 and
500kHz The resistances at frequencies zero and
infinity, R, and R, respectively, were also noted
from the BIS analysis program. Impedances (Z,) at
5, 50, 100, 200 and 500kHz were calculated from
the rclationship: Z,=(R2+ X, %° HYR, HYX,
and HY/Z, were regressed against ECW and TBW
measured by radioisotope dilution. Multiple step-
wise regressions were alsa performed by including
weight, age and sex (1 for males, O for females) as
well as H¥/R,. HYX, or HYZ,.

Statistlcul analysis

Statistical analyses were performed using the
Unistat Statistical Package version 4.3 (Unistat
Limited, Highgate, London, UK.} on a type 486733
personal computer. Simpie regression analysis was
used to establish the correlations (r) of TBW and
ECW with resistance indices (H¥/R). Multiple step-
wise regressions were performed using ECW and
TBW measured by radicisctope dilution as the
dependent variabies. For each regression the mult-
ple correlation {R) and the standard error of the
estimate (SEE) between the MFBIA and the radio-
isotope values were obtained. Variables were only
included in the final regression equations if they
resulted in a significant improvement in the SEE.
To determine the validity of the MFBIA prediction
equations, a double cross-validation study was per-
formed. This involved randomly subdividing the
patients into two subgroups of 14 and 13 subjects.
Prediction equations for ECW and TBW were
obtained by multiple stepwise regression for each
subgroup. The prediction equations for each sub-
group were then applied to the other subgroup and
the predicted values for ECW and TBW were
regressed against the values measured by radio-
isotope dilution, Reproducibility of the BIS and
MFBIA methods was estimated from the mean
coeflicient of variation (CoV) of duplicate measure-
ments. A 5% level of significance was used for al!
data analyses.

RESULTS

The regression between extracsllular  water
measured by the radioisotope dilution methed
(ECW) and the vaiues predicted by BIS (ECWyy)
was:

ECW =0.701 ECW,y,g +4.2121
{r=0861, SEE = 1.8931, CoV = i1.67)).

For TBW the corresponding regression was:



654

Tabie 2. Correiations (r} between ECYW and resistance indices
{H}8;) for various frequencies (f), and le correiation (A) and
SEE from stepwise regressions. The variables are listed in the order in
which they coatribuced to the prediction equavonms. M= height [em). k=
resistance {ohm) 1 feequenty [ (kHL) W = weight (kg) and C = constant.

¥

! Viariabla r SEE 1)
Hik, 041t HfR,, W, G4 1.94%
HR, b8 H'R,, W. 0.850 1.937
HY&,, 0828 HR, W, C 084 1045
HR - LX-TR H' R W, C 0830 1118
iR 0.795 HiRyW W. C 08IS 101
H Ry 0801 Hik W. C 0818 TIBi
HR, 0.751 R W C G804 1.20¢

Table 1. Correlatioms (r} batween TEW and rulstance Indices
{ ¥[8} for variout frequencies (1), and multipla correlation {A) and
SEE {from tha rtepwise regressions. Tha variables are listed in the order
in which they comtributed to the prediction squations, H = height |em|.
R = reantance johm) at Irequency [ {kHe), W = weight {kp}, § = sex {mal ).
femnale 0 and ( == comunt

i Yariables k SEE
iR, 0.608 WoHIE, S € 05T 1947
IRy 0826 HiR, W, 5. 0919 1900
il 0674 Wk, W.5.C 030 RSV
ol 0883 MR W, 5, C 0339 1691
o R 0.8% W W. 5. C 0983 1006
HE R 0891 HfRy, W. 5, € 0342 1637
HiR, 092 HIR, W5 C 084 1649

TBW = 0947 TBW g + 1.501
(r=0902. SEE=1.2591, CoV = 10.1°)

The correlation coefficients between H3*/R, and
the values of ECW and TBW measured by radio-
isotope dilution are summarized in Tables 2 and 3
respectively,

There was no si;;niﬁcanl improvement in the
correlations when H*/Z, was used instead of H*/R,
at any frequency. For ECW and TBW the highest
correlation coefficients were obtained for the resis-
tance indices measured at SkHZ and 200kHz res-
pectively. The multiple corretations and standard
errors obtained when weight and sex were included
with H?/R, in the stepwise regressions are also
summarized in Tables 2 and 3. The variables in the
stepwise regression are listed in the order in which
they contributed to the final prediction equation.
The_ highest multiple corzelations and _|owest
standard errors for ECW and TBW were again
obtained with the resislance indices measured at
SkHz and 200 kHz respectively. T

The optimum prediction"equations for ECW and
TBW were:

ECW =0.1782 H¥/R, +0.0688 W +3.77|
(R=0860, SEE=1.937, CoV=11.9%,). and

TBW =0.2391 H¥/R 50 +0.188% W+ 2971 § + 5.4641
(R=0943 SE=26061, CoV=8.1%)
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Fig. |. ECW und TEW aalculated from MFEIA prediction equatiom
at two frequencie and the cerreiponding values obtained from
radicisatopa dilution. For ECW the frequencies are 5kHz { x ) and zere
1O ) and for TRW the Irequencies are 200kHz ( = } and infinity (). The
broken fines are the fines of identicy.

where H =height [em), R,=resistance (ohm) at fre-
quency f (kHz), W=weight {kg) and S=sex ({ for
males, § for females).

It can be seen from Tables 2 and 3 that there are
only refatively small differences in the errors for
ECW and TBW over a wide range of frequencies.
Typical results for individual patients are shown in
Fig. I, where prediction formulae obtained for two
different frequencies are piotted as a function of the
corresponding  radioisotope  dilution values. The
MFBIA results for ECW correspond to frequencies
zero and SkHz, and for TBW the frequencies are
200kHz and infinity. 1t is apparent from Fig. ! that
there are no significant differences between the
results at the fixed frequencies and those obtained’
from fizs to the reactance versus_resistance spectra.

In the cross-validation study the same variahles
were selected as listed in the above prediction
equations. The prediction equations for each sub-
group were applied to the other subgroup and the
results were regressed against ECW and TBW
measured by radioisatope dilution. Figure 2 shows
the results for ECW and TBW when the prediction
equations obtained for each subgroup were appiied
to the other subgroup. In all cases the regression
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o
=
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MFBIA {lj
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Radiorsotape dilution {H)

Fig. L Results of the doubie crom-valldation study. The solid liney
represent the lentaquares s for wbgroup | (O ) when the HFBIA ralues
were derived from the subgroep 2 prediction equatiom. The broken [iney
reprevent the lesst-squares fin for subgroup 2 { x ) when the HFBIA vilues
were derived irom the subyroup 1 prediction equations. In 2l cnes the
lines e nat signiftcantly different from ‘each other or fram the lins of
idenuty.

lines were nat significantly different from the line of
identity.

When the above MFBIA prediction eguations
were applied to the groups with and without
pedema the SEEs for ECW were 24531 and 1561
respectively, and the SEEs for TBW were 2981 and
2.351 respectively. For the BIS method the SEEs for
ECW were 2.451 and 1.571 for the oedema and non-
oedema groups respectively, and for TBW the SEEs
were 4.301 and 2.69| respectively. The presence of
oedema therefore significantly increases the errors
for both the MFBIA and BIS methods.

The reproducibility of the BIS and MFBIA
methods was estimated from the repeat measure-
ments in the subgreup of 15 patients. For the BIS
method the mean CoVs for ECW and TBW were
0.9% and 3.0%, respectively. The mean CoVs using
the MFBIA 'prediction equations were 0.95; for
ECW and 0.63; for TBW.

One would expect that in normal subjects, with a
relatively constant ECW/TBW ratio, the choice of
frequency would not be particularly critical. How-
ever, even in_our surgical patients, where there was

Table 4. Correlation matrix for resistances {A)) meatured at frequen-
cies [f) of 5, 50, 100, 200 and 500 kHz and the values estimated by the
BIS Ftting program corresponding to frequencies zero and infinity

g L L3 - L. LI
A, 0.997 0978 0.345 0.954 a94r 0.88}
[ 0988 09 0549 0343 089
LN LR ] 0993 0990 084l
L 0.9 0.5% 0.67%
Ry 09% 0.875
K,oe 0.600
y =100 - 0.01B6x
3 [ sex=oons
r=003)
o
R '
x . L
_EJ oo F— — .
0%+ .
08t
&7 nla 0.5 04
ECW
TAW

Fig. 1. Ratin of tonal body water rom the MMkHz MFBIA predic-
tion equation (TBWm) to total body water measured by radio-
itotope dilution [TBW), pietted a1 a function of ECW/TEW
merrursd by radisitoteps dilutien, Tha solld line o the leataquare fie
16 the dara and the broken lines ire the 93% confidence intervali. The
parameters ol the fit are alto shown. THW o [TEW was independent of the
ECWITEW nuo.

a_wide variatica in ECW/TBW ratio, the choice of
frequency does not appear to be critical. For
example the optimum frequency for TBW is
200 kHz but the error is only marginally lower than
the error at 50kHz, This simply reflects the fact that
the resistances at the two frequencies are very highly
correlated. Simple regression gave the relationship:

Ryg=1.0827 Ryop + 5.70hms
r=0.9931, SEE =13.2ohms, P <0.0001}.

For_ECW the multiple correlations and standard
errors_at_zero_and_S kHz are not significantly differ-
ent. This is again not surprising since the correla-
tion between the resistances at frequencies zero and

5kHz was also very high:

R,=0935 Ry +10.40hms
{r=0.9968, SEE =990chms, P <0.0001).

The correlation matrix for resistances at the
various frequencies is shown in Table 4.

It is important to establish il the MFBIA predic-
tion equations apply equally well over the full range
of ECW/TBW ratios. Figure 3 shows the ratio of
TBW f[rom the MFBIA prediction equation to the
value measured by radioisotope dilution, plotted as
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Fig. & Matlo of sxtraceliular water from the SkHz MFBIA predic.
tion equation (ECWy} 1o axtracellular water mensured by radioise-
tope dBution (ECW), plotted as a function of ECHW/TEW measured
¥y radloisotope diluclon. Tha solld fine it the lestsquares fit co the d1a
1nd the Broken fines are the 35X corfldenca intervahy. The parameten of
the My are also shown. EOW, sipnilicantly overmtimared ECW ar low
ECWITBW ratlos and underwatimated it st high ECWITBW rition.

a function of the ECW/TBW rauo. The solid line is
the least-squares {it to the data and the broken lines
represent the 95%, confidence intervais. It is appar-
ent that the MFBIA and radioisotope values lor
TBW agree equally well over the entire range of
ECW/TBW ratios.

Figure 4 shows the ratio of ECW estimated from
the MFBIA prediction equation te the value
measured by radioisotepe dilution, again plotted as
a function of the ECW/TBW ratio. The solid line is
the least-squares fit to the data and the broken lines
represent the 959/ confidence intervals. The relation-
ship between the MFBIA and radioisotope values
depends on the ratio ECW/TBW {r=0.505,
P =0.005). Similar results were obtained when ECW
was predicted by the BIS method. It is apparent
that both MFBIA and BIS systematically over-
estimate ECW at low ECW/TBW ratios and under-
estimate it at high ECW/TBW ratios but the regres-
sion equation shown in Fig 4 may be used 1o
correct this effect.

DISCUSSION

Malnutrition has_been associated with increased

seplic-refated mortality in surgical patients. Body
cgmposilion asscssed uging a mult:ple iso(o_pc diluA

clinical maInutnnon showcd that " malnutrition
rcsultcd in a loss of body cell mass, accompanied by
an expansicn of the extracellular mass [7]. Because

of this expansion of the extracellular_mass the Toss

of the ccilulzir mass was nol accurately reflected by
1pe change in weight. Tellado et al. [8] studied the
ability of various nutritignal assessment techniques
to define the final outcome in a popuiation of
surgical patients. They showed that the exchange-

ablg_sodivm_to potassium ratio is the best method

for identilying malnourished patients at risk of

dying. This is eguivalent to_the ratio of extracellular

mass to body cell mass and similar information may
be expected from the use of the ratio ECW/TBW a3
an_index_of nutritional status.

Stable bromine mazy be used to measure ECW
and analytical methods have included X-ray Ruor-
escence [9), neutron activation analysis [10] and
HPLC ([11]. TBW may be measured by stable
isotopes using ‘*O- or *H-labelled water and mass
spectrometcy [12]. All of these methods involve the
use of analytical techniques which are not generally
available. In the present study we used "7Br and H
to_measurc ECW and TBW respectively  and
assayed the radioactive samples in “automatic sample’
counters which are availablc in most large hospitals.
The eflective dose from the °H and ' 'Br is only
0.09mSv but ""Br is nol ideal because it has a
half-life of only 56h and it is not readily available.
[n addition, all of these stable and radioactive
isotope methads are time consuming and therefore
have limited usefulness for routine monitoring of
severely ill patients.

Bio-impedance measurements are non-invasive,
simpie to perform and may be repealed at lrequent
lervals. Single frequency instruments.” (ypically
operating at 50kHz, are designed to measure only
TBW although it has been claimed that information
on fluid distribution may be cbtained from separate
measurements ol reststance and reactance [13]
Although 30kHz is net the optimum frequency for
pajjenis_ with _abnormal hydrauonal stalus the

caused by using this frequency is not likely to be
clinically significant. However, measurement _of
TBW aione does not provide adequate information
on the nutritional status of . malnourtshcd patients.
Several instruments are available which attempt to
measure both ECW and TBW using muitiple fre-
quencies. Segal et al. [3] estimated ECW and TBW
using MFBIA in 36 heaithy males. They concluded
that ECW was best predicted by resistance
measured at SkHz corrected for height and weight
(R=0930, SEE=194!) and TBW was best pre-
dicted by resistance at [00kHz corrected for height
and weight (R =0947 SEE=2464]). Van Loan and
Mayclin [4] vsed MEFBIA to estimate ECW in 80
normal subjects (40 males, 20 femalies). They de-
veloped a prediction equation for ECW which
included the resistance index (H*/R,) at 224kHz
weight and sex, and obtained a multiple correlation
{R) of 0961 and a SEE of 1.061 For TBW they
derived an equation which included z resistance
index at 224 kHz weight, sex and age, and obtained
a multiple correlation (R) of 0.927 and a SEE of
3581

BIS involves the measurement of resistance and
reactance over a wide range of frequencies. [t uses a
computer program to obtain the best fit to the data
from which the extracellular and intragsilular resis-
tances are estimated. The Xitron software uses these
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resistances  logether  with  height, weight and 2
gender term to calculate ECW and TBW. Thomas
et al [14] reviewed the various bio-impedance
meihods and concluded that the BIS technique was
oreferred to the use of impedance measured at
discrete frequencies Van Loan et al. [15] evaluated
the use of BIS in 24 normal subjects (10 males, 14
fernales) and concluded that the estimates of ECW
and TBW were not significantly different from the
isotope dilution results. For ECW they obtained a
correlation coefficient of 0.893 and a SEE of 0947,
for TBW the correlation coefficient was 0.924 and
the SEE was 2.2761. However, Deurenberg et al
[16] compared MFBIA and BIS in 48 normal
subjects {23 males, 25 females) and asscssed the
errors introduced by the BIS fitting technique when
estimating the resistances at frequencies zero and
infinity. They conciuded that because ol these
errars, modelling of the impedance data has ne
advantage over impedance values measured at fixed
freguencies.

The errors_obtained in_the present study of
surgical patients arewithin the range of those
obtained by other groups in normal subjects The

errors in palicnts with ocdema are greater than
thgse_in_ patients without oedema. In considenng
these errofs it is important to estimate the contribu-
tion from the independent radicisotope measure-
ments. Unfortunately the reprocucibility of the
radioisolope methods cannol be assessed [rom
repeat measurements in surgical patients since thetr
fluid status may change within a relatively short
period. nstead we estimated the reproducibility by
performing simulated studies in which the radio-
isotopes were uniformly dispersed in known volumes
equivalent to lypical ECW and TBW volumes.
Fifteen duplicate measurements were made for each
in which all weighing, pipetting and radioisotope
counting aspects of the normal patient procedures
were performed. The mean CoVs were 0.655; and
0.52% for the bromide and tritiated water distribu-
tion volumes respectively. The errors in ECW and
TBW will also depend on the adequacy of the
equilibrrum time, the lesses in the urine and the
errors in the various assumed correction factors. A
3h equilibrium time may appear to be rather short,
particularly in patients with oedema. In normal
subjects, Vaisman ¢t al. [10] found no significant
difference in corrected bromide space when samples
were obtained at 2, 3 and 4h although they did
observe a significant  difference  depending on
whether the bromide was administered orally or
intravenously. In a previous study to investigate the
optimum radioisotope dilution method. we obtained
blood samples at 3 and 18 h; urine collections were
also obtained. These measurements were performed
in 43 surgical patients (23 male, 20 female}; 23
patients had gastrointestinal cancer, seven had
benign gastrointestinal disease, 10 had pancreatitis
and three had inflammatory bowel disease. These
patients were similar in terms of age, weight, ECW

and TBW ta the patients in the presgnt study. ECW
and TBW measured from blood sampies taken al
18 h were 2.1+ 0.5% 1SE) and 1.5 +04% (SE) respec-
tively greatzr than those measured 2t 3h. Since the
apparent increases at 18k may be largely explained
by the presence of insensible losses, we concluded
that 3h represented an adequate equilibrium period
even in surgical patients. We also found that the-
corrections for losses in the urine during the first 3h
were insignificant; the mean correction factors were
10044 + 00012 (SE) for ECW and 1.0014£0.0003
{(SE)} for TBW. This is consistent with the results of
Brans ¢t al. [17] who found that the bromine losses
in the urine were less than 1% of thc administersd
dose in the first 3h. Our standard radioisotope
dilution method therefore consists of administering
the radivisotope intravenousty and obtaining 2
blood sample at 3h, with no urine coilection. The
hydrogen dilution volume is greater than the total
body water space because of the exchange with
tabile hydrogen of protein and other body consu-
tuents. However, there have been considerable var-
iations in the estimated magnitude of s effect.
Schocller and Jones [18] reviewed this and con-
cluded that the hydrogen dilution space is 4217,
{SD)Y larger than TBW. We have therefore applied
this correction in the present study. The factor used
to correet for the protein content of plasma (0.94)
has been widely used but it is an average vaive for
normal subjects. In a separate group of 31 surgical
patients. we observed a mean value of total plasma
protein of 69.1 +6.5g/1 (SD) (range 52-82g/). The
use of the average correction factor for normal
subjects (0.94) may thersfore have introduced a
random error of approximately 0.67; to both ECW
and TBW. This error could be avoided il the
protein is removed from the piasma by ultra-
filtration or i individual correction factors are
applied. We have assumed random errors of =17,
each for the Donnan correction facter and erythro-
cyte concentration factor. The total errors for the
radioisotope methods, determined by summing the
individual errors in quadrature. are therefore esti-
mated to be 1.7°; for ECW and 1.3%, for TBW,
corresponding to approximately 031 and 04|
respectively.

We have shown that the MFBIA method is
highly reproducible, with mean CaVs of 0.9%, for
ECW and 06°, for TBW, corresponding lo 0.15!
and 0.191 respectively. However, this does not
necessarily imply that the method __i;____ca_pablc_(—)T
measuring small changes in ECW or TBW. The
measured total body resistance is eflectively the sum
of the resistances in three major anatomical regions,
namely arm, tronk and leg Since resistance is
inversely proportional to cross-sectional area it is
largely dominated by the resistances it the arm and
leg, with the trunk contributing least to the total
resistance. In the present study, scparate impedance
measurements were obtained of the ‘trunk’ by posit-
ioning the electrodes close to the sternum and on
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the thigh. At 5kHz and 200kHz the trunk resis-
tance was (88+04%;, {SE} and 178+04", (SE) of
the total body resistance respectively. Therefore,_a

change_in volume which aflects predominantly the

trunk, such as the removal of ascites. may result in

The ch:_x___gc m E_C'_W and TBW predicted by
MFEBIA or BIS is therefore likely to underestimate
the true change.

The good reproducibilities of the radivisolope
and bio-impedance methods suggests that these
cannot accounl for the differences between the
methods and we therefore conclude that the SEEs
can be attributed largely to errors in the indirect
bio-impedance methods. These errors are perhaps
not surprising considering the inhomogeneous
nature of the various body compartments and the
large variations in cross-sectional area between
them. These errors limit the clinical usefulness of the
MFEBIA- and BIS mecthods for the assessment of
ECW and TBW in individual patients, although
both methods may be adequate for defining the
characteristics of groups of patients, The ability of
the MFBIA and BIS methods to monitor changes
in ECW and TBW cannot simply be assessed from
their rcproduc:b]hly This is because relatively large
changes in the volume of the trunk may result n
relatively small changes in total body resistance.
The_abiiity _of the methods to follow changes in
paticnts _ undergoing nutritional support requires
further investigation.

We conclude that, in surgical patients, MFBIA
measurements at only two frequencies provide esti-
males of ECW and TBW which have comparable
errors tQ_the more compiex BIS technique. The
reproducibility of the MFBIA method is ‘the same
as BIS for the measurement of ECW and is signifi-
cantly better for the measurement qr TBW. MFBIA
measurements could be obtained using a mmple bio-
impedance_analyser designed to measure only resis-
lance at two frequencies. A simple analyser of this
type. _which does not _require an__associated
computer, should offer consxdcrable advantagcs in
terms of reduced cost and reduced time to acquire
and calculate the results. The optimum frequencies
for ECW and TBW are 5kHz and 200kHz 1espec-
tively, but the very high corretations between resis-
tances at these and similar frequencies suggests that
prediction equations based on alternative frequen-
cies will be equally apprapriate. The role of MFBIA

in__assessing the nutritional stalus of surgical
patients should be _evaluated and its ability to
measurc_changes in_individual patients should bc_

carefully assessed.
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