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Abstract

water retention) is presented.

therefore of great clinical benefit in daily practice.

tive pulmonary disease

Bioelectrical impedance analysis (BIA) is a simple, inexpensive, quick and non-invasive technique for measuring
body composition. The clinical benefit of BIA can be further enhanced by combining it with bioelectrical
impedance vector analysis (BIVA). However, there is a substantial lack of information on the practical aspects of
BIA/BIVA for those primarily interested in learning how to use and interpret this method in practice. The purpose
of this article is to provide some guidance on the use of BIA/BIVA with special attention to practical considerations.
This report reflects the authors’ practical experience with the use of single-frequency BIA in combination with BIVA,
particularly in COPD patients. First, the method and principles of BIA/BIVA are briefly described. Then, a practice-
oriented approach to the interpretation and analysis of characteristic examples of altered nutritional and fluid
status as seen with BIA/BIVA in COPD patients (e.g. malnutrition in obese and underweight patients with COPD,

As our examples show BIA/BIVA is an attractive and easy-to-learn tool for quick nutritional assessment and is
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Introduction
Loss of body weight and depletion of fat free muscle
mass are common and serious problems in patients with
chronic obstructive pulmonary disease (COPD) irrespec-
tive of the degree of airflow limitation [1-3]. Malnutri-
tion in COPD has been associated with systemic
inflammation, cachexia, anorexia, skeletal muscle dys-
function, dyspnoea, reduced health status, enhanced risk
of exacerbations and increased mortality [4-8]. Conse-
quently, current COPD guideline recommendations by
GOLD (Global Initiative for Chronic Obstructive Lung
Disease) consider nutritional monitoring an important
part of routine evaluation of COPD patients [9].
Surrogate measures such as the well-known Body
Mass Index (BMI) give no indication of body composi-
tion, muscle mass or nutritional state. Thus,
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malnutrition requiring intervention can exist in spite of
a normal to high BMI. These patients are usually not
detected by subjective global assessment of nutritional
status. In the case of COPD, it has been recognized that
it is low fat-free mass (FFM) further differentiated into
body cell mass (BCM) and extra cellular mass (ECM)
rather than low BMI that should be considered as a cri-
tical parameter of disease severity and prognosis [10,11].

Different methods are used for nutritional assessments
beyond BMI, such as bioelectrical impedance analysis
(BIA), skin-fold anthropometry and dual-energy X-ray
absorptiometry (DEXA) [12-14]. BIA is a simple, inex-
pensive, quick and non-invasive technique for assessing
body composition and its changes over time. BIA is lar-
gely used in clinical trial settings and there is a whole
series of literature on the theory and methodology of
several different BIA techniques [15-18]. Surprisingly
enough, however, there is considerable lack of informa-
tion on the practical aspects of BIA for those primarily
interested in learning how to apply and interpret this
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method in practice. Thus, BIA still is an underused and
underestimated tool for nutritional assessment in pri-
mary care. This can be further explained by the fact that
the costs of BIA are currently not always refundable [12]
and that there are no guidelines outlining the methods
for assessing malnutrition in patients with COPD [9,19].

BIA analysis is simply and effectively complemented
by bioelectrical impedance vector analysis (BIVA), which
is independent of hydration status and can be used as a
quality control measure for correct interpretation of BIA
results [20,21]. BIVA is a pattern analysis of impedance
measurements (resistance and reactance) plotted as a
vector in a coordinate system [21]. Reference values
adjusted for age, BMI and gender are plotted as so-
called tolerance ellipses in the coordinate system. On
this basis, a statement can be made with regard to water
balance (normo-, hypo-, hyperhydration) and body cell
mass (nutritional status) [14].

The purpose of this article is to provide some gui-
dance on the use of BIA/BIVA with particular attention
to practical considerations. It reflects a decade of our
own practical experience of using single-frequency BIA
combined with BIVA with a focus on COPD patients.
Here, we briefly describe the basic principles, feasibility
and limitations of BIA/BIVA methodology and provide
practical tips and recommendations for appropriate con-
duct and analysis of the measurements. We have aimed
to provide a simple, structured and practice-oriented
approach to the interpretation and analysis of BIA/BIVA
results using characteristic examples seen in patients
with COPD.

Basic principles
Bioelectrical impedance analysis (BIA)
BIA is a method for estimating body composition. The
principle of BIA is to determine the electric impedance
of an electric current passing through the body [15].
The electrical impedance (Z) consists of two compo-
nents, resistance (R) and reactance (Xc). Reactance is a
measure of BCM and resistance a measure of total body
water [15,22]. From the determined impedance a num-
ber of BIA parameters can be estimated [20]:
Body cell mass (BCM)
« consists of all cells that have an effect on metabo-
lism (e.g. muscle, internal organs, nervous system)
« key factor when assessing the nutritional status of
a patient
+ 1: e.g. good training status, intracellular water
retention
+ |: e.g. malnutrition, cachexia, dehydration
BCM %
» percentage of BCM in FFM
« for differential diagnosis of BIA changes: changes
in the same way as BCM

Page 2 of 8

+ measure of individual nutritional status and physi-
cal fitness level
« 7t e.g. good training status
+ |: e.g. malnutrition
Extra cellular mass (ECM)
+ mainly extracellular water
« increase or decrease mostly due to increased extra-
cellular water retention or a loss of extracellular
water
+ 1: e.g. extracellular water retention (e.g. oedema)
« |: e.g. extracellular loss of water (e.g. diuretics)
Fat-free mass (FFM)
« everything that is not body fat, consists of BCM
and ECM
« |: elderly people, chronic diseases
Fat mass (FM)
« is indirectly determined from body weight minus
FFM
Phase angle
+ one of the best indicators of cell membrane
function
« can be regarded as a marker of training and nutri-
tional status
« T: e.g. athletic constitutional type, good nutritional
status (of BCM cells)
+ |: e.g. poor training status, poor nutritional status
(of BCM cells)
Total body water (TBW)
« T: e.g. high portion of muscle, water retention (e.g.
oedema)
o |: e.g. small portion of muscle, dehydration/
exsiccosis

The strengths and limitations of different BIA meth-
ods (e.g. single frequency, multi-frequency, segmental
BIA) have been extensively reviewed [15,16,18,23-25].

Our experience is based on single frequency BIA (50
kHz); the software package we use (NUTRIPLUS from
Data Input GmbH) includes BIVA and adapted refer-
ence values.

Detailed instructions for performing BIA measure-
ments can be found elsewhere [17,18]. To give a brief
description here, single frequency BIA usually involves
the placing of two distal current or signal-introducing
electrodes on the dorsal surfaces of the hand and foot
close to the metacarpal-phalangeal and metatarsal-pha-
langeal joints, respectively. The two voltage sensing elec-
trodes are applied at the pisiform prominence of the
wrist and between the medial and lateral maleoli of the
ankle. The impedance analyzer delivers a constant alter-
nating current at a fixed 50-kHz frequency via the distal
electrodes and detects the drop in voltage via the proxi-
mal electrodes. The measured resistance and reactance
are displayed by the analyzer [18].
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Factors impacting BIA results [16,18,20,23,25]: A
~ exsiccosis
1. weight and height (should be measured directly by @ @ = decrease of water
the investigator) @ ~
. . . . 5 : a\

2. position of the body and limbs (supine position,
arms abducted at least 30°, legs abducted at approxi- body cell \
mately 45°) mass long
3. consumption of food and beverages (no beverages increase axis
for at least 12 hours previously, fasted state for at good
least 2 hours) training
4. moderate to intense level of physical activity/exer- status

. . short
cise before BIA measurements (last exercise at least axis
12 hours previously)
5. medical conditions and medication that have an
impact on the fluid and electrolyte balance; infection b (D body cellmass -
and cutaneous disease that may alter the electrical b decrease @
transmission between electrode and skin . malnutrition

. .. . increase of water
6. environmental conditions (e.g. ambient
anasarca, edema

temperature)

7. individual characteristics (e.g. skin temperature, Figure 1 Interpretation of the BIVA nomogram. Age, BMI and

sex, age, race) gender adjusted reference values are plotted as so-called tolerance

8. ethnic variation ellipses in the coordinate system. Three tolerance ellipses are
distinguished di he 50", 75" and 95"

9. non-adherence of electrodes, use of wrong elec- istinguished, corresponding to the 507, />0 an vector

percentile of the healthy reference population. Values outside of the

trodes, loosenmg of cable Cllp, 1nterchang1ng of o5th percentile are considered abnormal. Values located above the
electrodes long axis (/) indicate an increase in body cell mass (BCM), values
below the long axis indicate a decrease in BCM. Values located
BIA parameters are largely dependent on the patient’s above the short axis (\) indicate a loss of water and values below
hydration status. BIA enables the above mentioned para- the short axis indicate increased water retention. Values located

outside the 95™ percentile in the following four quadrants point to
the following conditions: a) right upper quadrant e.g. exsiccosis b)
left lower quadrant e.g. oedema ¢) right lower quadrant e.g.
malnutrition d) left upper quadrant e.g. good training status

BIVA (bioelectrical impedance vector analysis) (modified with permission from Data-Input GmbH).

BIVA as an integrated part of BIA measurement is a
simple, quick and clinically valuable method for asses-
sing fluid status (TBW) and body cell mass (BCM). This
method plots the direct impedance measurements resis-
tance R and reactance Xc as a bi-variate vector in a
nomogram (Figure 1) [21]. Reference values adjusted for
age, BMI and gender are plotted as so-called tolerance
ellipses in the same coordinate system. Three tolerance
ellipses are distinguished, corresponding to the 50th,

meters to be determined in subjects without significant
fluid and electrolyte abnormalities [15].

Applications of BIA/BIVA and interpretation of body
composition

We present below some examples of characteristic BIA
findings in COPD patients with their interpretation:

1. Normal finding
2. Malnutrition in a COPD patient with overweight

3. Cachexi
75" and 95™ vector percentile of the healthy reference 4 Oac exia . .
. . o . . Oedema due to right heart failure
population [22,26]. Values outside of the 95 percentile 5. Anorexia

are considered abnormal. Based on the position of the
measurement point in the BIVA nomogram, the sex-,
age-, BMI- and race-adjusted nutrition/training and
hydration status can be read off at a glance [21]. As
shown in Figure 1, values located outside the 95" per-
centile in the following four quadrants point to the fol-
lowing conditions [20]: a) right upper quadrant e.g.
exsiccosis b) left lower quadrant e.g. oedema c) right
lower quadrant e.g. malnutrition d) left upper quadrant
e.g. good training status.

From personal experience, follow-up measurements
(examples 2-5) should be performed every 4 weeks for
overweight patients and every 8-12 weeks for all other
cases [27]. However, this is a decision that must be
taken on an individual basis.

1. Normal finding
Patient: female, 61.1 kg, BMI 22.7, 64 years old, mild
COPD (GOLD stage I) [9].
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Interpretation: With a BMI of 22.7 this patient is of
normal weight. The measurement point in the BIVA
nomogram (Figure 2) lies within the 50™ tolerance
ellipse and thus indicates normal findings. The TBW,
ECM, body fat, BCM, BCM % and phase angle values
listed in table 1 are within the normal range.

Conclusion: All values in the table are within the nor-
mal range and the measurement point in the BIVA
nomogram lies within the 50™ tolerance ellipse.

2. Malnutrition in an obese COPD patient
Patient: female, 90 kg, BMI 31.5, 73 years old, severe
COPD (GOLD stage I1II)

Interpretation: With a BMI of 31.5 this patient is
obese. The measurement point in the BIVA nomogram
(Figure 3) in this patient is well below the line of normal
BCM values (long axis) and above the line of normal
TBW values (short axis) between the 75" and the 95™
tolerance ellipse. The position of the measurement point
in the lower right quadrant points to malnutrition.

The BIA parameter values listed in table 2 can be
interpreted as follows: The fat mass lies above the nor-
mal range in line with the increased BMI. BCM lies
within the normal range. At first sight this does not fit
in with the finding of the BIVA nomogram, which indi-
cates malnutrition. The fact that the calculated BCM is
within the range of normal values here may be
explained as follows: It needs to be considered that
BCM is dependent on the patient’s fluid status (TBW).
This means that a BCM within the normal range does

Figure 2 Normal finding as illustrated in the BIVA nomogram.
The position of the measurement point in the BIVA nomogram
within the 50" tolerance ellipse (range of normal values) indicates a
normal finding.
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Table 1 Normal finding.

parameter values

TBW 3321 [29.1-36.1 1]
FFM 454 kg [39.8 - 494 kq]
ECM 227 kg [195 - 25.7 kq]
BCM 22.7 kg (188 - 253 kgl
BCM % 50.1 % [44.7 - 53.9 %]
phase angle 56° [47 -64°]
body fat in kg (corrected) 156 [13.3 - 23.7 kd]

Values for different BIA parameters. Age- and BMI-adapted reference values
are shown in brackets. All values are within the normal range.

not necessarily mean a normal nutritional status but
may also be due to increased TBW. The following two
BIA parameters are helpful in drawing a distinction:
BCM % and phase angle, which are usually altered along
the same lines as BCM. In this case TBW is increased
and the BCM % and phase angle are below the range of
normal values. This indicates that BCM is actually
reduced. BCM therefore only appears to lie within the
range of normal values because of the increased TBW.
In contrast to this somewhat complex interpretation of
the calculated BIA values, the suspected diagnosis of
malnutrition can be established at a glance by BIVA. In
addition, it is confirmed that the calculated BCM is too
high because of the increased TBW (position of the
measurement point in the BIVA nomogram above the
line of normal TBW values).

Figure 3 Malnutrition in an obese COPD patient as illustrated
in the BIVA nomogram. The position of the measurement point in
the BIVA nomogram is below the line of normal BCM values (long
axis) and above the line of normal TBW values (short axis) between
the 75" and 95™ tolerance ellipse. The position in the lower right
quadrant indicates malnutrition.
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Table 2 Malnutrition in an obese COPD patient

parameter values

TBW 36.7 | [29 11
FFM 50.1 kg [398 494 kg]
ECM 29.1 kg [195 - 25.7 kg]
BCM 210 kg (188 - 253 kq]
BCM % 42.0 % [44.7 - 53.9 %]
phase angle 4.3° [47 - 64 °]
body fat in kg (corrected) 39.9 kg [133 - 23.7 kq]

Values for different BIA parameters. Age- and BMl-adapted reference values
are shown in brackets. Bold values are outside the normal range.

Conclusion: Despite the presence of obesity the
patient is exhibiting malnutrition. The position of the
measurement point in the BIVA nomogram in the right
lower quadrant between the 75™ and the 95™ tolerance
ellipse provides an indication for the suspected diagnosis
of malnutrition.

3. Cachexia
Patient: male, 45 kg, BMI 16.7, 62 years old, severe
COPD (GOLD stage III)

Interpretation: With a BMI of 16.7 the patient is
underweight. The measurement point in the BIVA
nomogram (Figure 4) in this patient is far below the line
of normal BCM values (long axis) and well above the
line of normal TBW values (short axis), far outside the
95" tolerance ellipse. The position of the measurement

Figure 4 Cachexia as illustrated in the BIVA nomogram. The
position of the measurement point in the BIVA nomogram is far
below the line of normal BCM values (long axis) and well above the
line of normal TBW values (short axis) far outside the 95" tolerance
ellipse. The position in the lower right quadrant points to cachexia.
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point in the lower right quadrant points to malnutrition
in the form of cachexia.

The BIA parameter values listed in table 3 can be
interpreted as follows: The fat mass lies below the nor-
mal range in line with the reduced BMI. The calculated
values for BCM und TBW are reduced. It needs to be
considered as regards the reduced BCM value that BCM
is dependent on the patient’s fluid status (TBW). This
means that a reduced BCM does not necessarily point
to malnutrition but may also be due to a low TBW. The
BIA parameters BCM % and phase angle are again help-
ful for drawing a distinction, as they are usually altered
along the same lines as BCM. The values for BCM %
and phase angle are reduced, which indicates an actually
reduced BCM or malnutrition. In this example also
BIVA provides a more efficient assessment of the nutri-
tional status than the calculated BIA parameters.

Conclusion: All the values listed in the table are below
the normal range and the measurement point in the
BIVA nomogram is outside the 95 tolerance ellipse in
the lower right quadrant. This indicates severe malnutri-
tion in the form of cachexia. The assessment of the
BIVA nomogram is sufficient for the suspected diagno-
sis of cachexia.

4. Oedema due to right heart failure
Patient: female, 105.6 kg, BMI 38.8, 78 years old, COPD
GOLD stage 1I

Interpretation: With a BMI of 38.8 the patient is over-
weight. The measurement point in the BIVA nomogram
(Figure 5) in this patient is above the line of normal
BCM values (long axis) and well below the line of nor-
mal TBW values (short axis) on the 95™ tolerance
ellipse. The position of the measurement point in the
lower left quadrant points to water retention in the
form of oedema.

The BIA parameter values listed in table 4 can be
interpreted as follows: Body fat mass lies above the nor-
mal range in line with the increased BMI. The deter-
mined TBW is increased and the calculated BCM lies in
the upper range of normal. These findings are consistent
with the position of the measurement point above the

Table 3 Cachexia

parameter values

TBW 29.1 1 [376 - 484 1]
FFM 39.8 kg [514 - 66.1 kg]
ECM 22.5 kg [246 - 33.7 kq]
BCM 17.3 kg [25.1 - 340 kq]
BCM % 435 % [44.7 - 55.0 %]
phase angle 45° [47-66°]
body fat in kg (corrected) 5.2 kg [7.9 - 20.1 kgl

Values for different BIA parameters. Age- and BMI-adapted reference values
are shown in brackets. All values are below the normal range.
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Figure 5 Oedema due to right heart failure as illustrated in the
BIVA nomogram. The position of the measurement point in the
BIVA nomogram is above the line of normal BCM values (long axis)
and well below the line of normal TBW values (short axis) on the
95" tolerance ellipse. The position in the lower left quadrant
indicates the presence of increased water retention.

line of normal BCM values and below the line of normal
TBW values in the lower left quadrant. With the derived
normal BIA value for BCM it needs once again to be
taken into account here that BCM is dependent on the
patient’s fluid status (TBW). This means that a BCM
within the normal range does not necessarily indicate an
actually normal BCM or normal nutritional status but
may also appear normal due to an increased TBW. The
BIA parameters BCM % and phase angle, which are
usually altered along the same lines as BCM, in this case
lie in the lower range of normal, so that it may be
assumed that the BCM is actually in the normal range.
In addition to the increased TBW, ECM is also mark-
edly increased, indicating oedema. The suspicion of
oedema is established at a glance with BIVA. BIVA con-
firms simply and rapidly the calculated BIA values BCM

Table 4 Oedema due to right heart failure

Parameter values

TBW 49.3 | [36.1-4511]
FFM 67.3 kg [49.3 - 616 kg]
ECM 34.5 kg [23.0 - 306 kg]
BCM 328 kg [24.6 - 32.8 kq]
BCM % 48.7 % [47.2 - 56.0 %)
phase angle 54° [51-69°]
body fat in kg (corrected) 40.2 kg [22.7 - 350 kg]

Values for different BIA parameters. Age- and BMI-adapted reference values
are shown in brackets. Bold values are outside the normal range.
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and TBW. The suspicion of oedema was confirmed on
physical examination of the legs.

Conclusion: The values listed in the table for TBW
and ECM are outside the normal range and the mea-
surement point in the BIVA nomogram is on the 95"
tolerance ellipse in the lower left quadrant, indicating
oedema. The determined BCM is in the upper range of
normal and the measurement point in the BIVA nomo-
gram is above the line of normal BCM values. The posi-
tion of the measurement point in the nomogram
provides an indication for the suspected diagnosis of
oedema.

5. Anorexia

For the general differential diagnosis of underweight we
present a female patient with anorexia: female, 34.1 kg,
BMI 18.4, 41 years old, anorexia (unintentional loss of
appetite).

Interpretation: With a BMI of 18.4 the patient is
underweight. The measurement point in the BIVA
nomogram (Figure 6) lies almost on the line of normal
BCM values (long axis) and far above the line of nor-
mal TBW values (short axis) outside the 95™ tolerance
ellipse. The position of the measurement point in the
upper right quadrant points to the presence of
anorexia.

The BIA parameter values listed in table 5 can be
interpreted as follows: Body fat mass is reduced in line

(e
Y

Figure 6 Anorexia as illustrated in the BIVA nomogram. The
position of the measurement point in the BIVA nomogram is
almost on the line of normal BCM values (long axis) and far above
the line of normal TBW values (short axis) outside the 95" tolerance
ellipse. The position in the upper right quadrant points to the

presence of anorexia.
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Table 5 Anorexia

parameter values

TBW 20.11 [299 - 369 ]
FFM 27.4 kg [40.8 - 504 kg]
ECM 12.9 kg [19.1 - 250 kg]
BCM 14.5 kg [204 - 266 kg]
BCM % 53 % [47.7 - 554 %]
phase angle 6.2 ° [52-68°]
body fat in kg (corrected) 6.7 kg [139 - 24.2 kq]

Values of the different BIA parameters. Age- and BMI-adapted reference
values are shown in brackets. Bold values are outside the normal range.

with the low BMI. TBW is markedly reduced and BCM
also is decreased. With the reduced BCM it needs to be
kept in mind here that BCM is dependent on the
patient’s fluid status (TBW). This means that a lower
BCM may also appear reduced due to a lower TBW.
The BIA parameters BCM % and phase angle which are
helpful in drawing a distinction and which are usually
altered in the same way as BCM, in this case lie in the
upper third of the normal range. This indicates that
BCM is normal and that the calculated value was too
low only because of the low TBW. BIVA confirms the
suspicion raised by the BIA values that the calculated
BCM was too low because of the reduced TBW. Again,
the suspected diagnosis of anorexia can be established
more efficiently and more reliably by BIVA.

Conclusion: The patient exhibits a markedly reduced
BMI, decreased body water and a normal BCM in the
form of anorexia. The position of the measurement
point in the nomogram in the upper right quadrant out-
side the 95™ tolerance ellipse provides an indication for
the suspected diagnosis of anorexia.

Summary

Bioelectrical impedance analysis (BIA), particularly in
combination with bioelectrical impedance vector analy-
sis (BIVA), provides a viable opportunity for evaluating
body composition in humans. However, lack of guidance
for those interested in learning how to use and interpret
BIA/BIVA in clinical practice has probably prevented its
broader application. This practical guidance which is
mainly based on own practical experience has attempted
to provide a direction on the use of BIA/BIVA metho-
dology with particular attention given to practical con-
siderations. The basic principles of performing BIA/
BIVA measurements have been given as well as charac-
teristic examples in COPD patients.

As the examples suggest the interpretation of BIA
results is often complex and a suspected diagnosis can
be established more efficiently and more reliably by
integrating BIVA into the patient assessment process.
Although this review was not intended to be compre-
hensive and is not evidence-based, it has hopefully
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provided a brief description of some of the practicalities
involved in performing BIA/BIVA measurements and,
perhaps more importantly, has raised interest in actively
using BIA/BIVA in daily clinical practice.
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