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Description

A method and a device for determining the hydration and/or nutrition status of

a patient |
The invention relates to the field of monitoring the hydration and/or nutrition status of

a patient.

-The kidneys carry out several functions for maintaining the health of a human body.
First, they control the fluid balance by separating any excess fluid from the patient
blood volume. Second, they serve to purify the blood from any waste substances like
urea or creatinine. Last not least they also control the levels of certain substances in

the blood like electrolytes in order to ensure a healthy and necessary concentration

level.

In case of renal failure ingested fluid accumulates in body tissues and the vascular
system causing increased stress on the circulatory system. This surplus fluid has to
be removed during a dialysis treatment by ultrafiltration of the blood. If insufficient
fluid is removed the long term consequences can be severe, ieading to high blood
pressure and cardiac failure. Cardiac failure itself is many times more likely to occur
in dialysis patients and it is thought that states of fluid overload are one of the major
contributing factors. Removal of too much fluid is also dangerous since the dialysis

patient becomes dehydrated and this invariably leads to hypotension.

The dry weight (for the sake of simplicity the words "weight" and "mass" shall be
used synonymously throughout this patent application document — which also Is
usual practise in the medical field) defines the weight of a patient that would be
achieved if the kidneysowere working normally. In other words this represents the
optimal target weight (or fluid status) which should be achieved in order to minimise
cardiovascular risk. Dry weight has alwaysz been an elusive problem in routine clinical
practise due to laék of quantitétive methods for its assessment. Currentiy the dry
weight problem is-approached using indirect indicators like _é.g. blood pressure,
echocardiographic investigations and subjective information such as X-rays.
Furthermore it has been particularly difficult to define a set of conditions which are

universally accepted-as the dry weight standard.

CONFIRMATION COPY
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A promising method to derive the fluid status of a patient involves the use of
bioimpedance measurements. A small alternating current is applied to two or more
electrodes which are attached to a patient and the corresponding electric potential
difference is measured. The various fluid compartments of a human body contribute
differently to the measured signals. The use of multiple frequencies allows the water
in the intracellular volume (ICV) and the extracellular volume (ECV) to be determined.
An example of such a device is described in the international patent application WO
02/19153. However, this document discloses no method regarding how the dry

weight of the particular patient can be derived.

US patent 5,449,000 describes a bioimpedance system also using multiple
frequencies to determine water mass in the ECV and ICV. Furthermore certain
population dependent data are taken for using and choosing so-called population
prediction formulas. The body composition is then analysed by using these formulas

and with the help of segmental bioimpedance signals.

The international patent application WO 02/36004 A1 describes a method and a
device for deriving the dry weight of a patient with renal failure using a bioimpedance
device by extrapolating an excess water volume in the extracellular volume to a
condition where there would be no renal failure. By a similar procedure a mass
correction term accounting for deviations within healthy human beings and being

attributed to certain tissues can be derived.

The international patent application WO 03/053239 A1 discloses a compartmental
model which addresses the variation in healthy beings in certain body compartments
in order to better separate a mal-hydration volume and other tissue components In
particular with the aid of bioimpedance measurements. With such a device

information on the nutritional status of a patient can also be obtained.

US patent 6,615,077 describes an approach for monitoring a dialysis treatment by a

bioimpedance device in order to correlate the signals with the progress of the

treatment.
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A bioimpedance device performing calculations on ICV and ECV water volumes is
distributed by Xitron Technologies under the trademark Hydra™, Details about this

device are disclosed in the international patent application WO 92/19153. This device
relies on an impedance locus model that links the measured impedance values {o
resistive components simulating the contributions of the water volumes in the intra-
and extracellular spaces - ICW and ECW - in order to derive and isolate any values
for the ICW and ECW. In the case of the existing device this model is the so-called

Hanai model.

By applying the Hanai model the ECW is determined by exploiting the fact that the
electrical impedance of body tissue changes when alternating currents of different
frequencies are applied to the patient via electrodes. At low frequencies the cell
membranes behave as insulators and the applied current passes only through the
ECV spaces. At high frequencies the cell membranes become more conductive and
thus current passes through both the ICV and ECV spaces. The corresponding
impedance locus therefore consists of two parallel branches, the first representing
the ECV space by an ohmic resistance Rg, the second representing the ICV space
by an ohmic resistance R, and a serially connected capacitance. The water volumes
of the respective compartments can then be calculated from the resistance
information, based on compartment resistivity constants available from prior studies

for which the volumes were also determined by dilution measurements.

The accuracy of methods relying on the thus derived results for the ECW and the
ICW, e.g. methods as disclosed in WO 02/36004 A1 or WO 03/053239 A1, then
depends on the accuracy of the initial, i.e. the Hanal model. The inventors of the
present invention have noticed that certain deficiencies in the accuracy of the results

of current bioimpedance methods {o assess body water and body tissue have their

origin in the contraints of the Hanai model.

Hence there is a need for a bioimpedance method and device that makes use of a
refined model by which the water and tissue contributions to the ECV and ICV

spaces can be separated more accurately to enable an improved assessment of the
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body composition of a patient with increased accuracy, providing a better insight into
the hydration, nutrition and training status of the patient. It is an object of this

invention to provide such a method.

The problem of the invention is solved by a method for determining an intracellular

volume ICV of a patient comprising the steps of determining an intracellular electrical

" resistance Ry, of the patient and deriving the intracellular volume ICV using Rmix by
taking into account that a cell of a first kind of tissue contributes differently to the
electrical resistance R of the intracellular volume ICV compared with a cell of a
second kind of tissue. As an intracellular volume ICV the whole ICV space or just a

share like the ICW space or a parameter directly related to these quantities may be

considered.

The invention is based on the observation that already small modifications of the
Hanai model lead to a considerable improved representation of the physical
properties of the tissues of interest, especially as far as lean and adipose tissues are
concerned. According to the concept of the invention these modifications in particular

concern the intracellular volume.

It is also an object of the invention to provide a device for a non-invasive, accurate
and easy to use body compartment assessment. The invention therefore also
concerns a device for carrying out the method according to the invention comprising

a measurement unit, wherein the measurement unit comprises a bioimpedance
device for determining an electrical resistance Rnix of an intracellular volume ICV of
the patient, and an evaluation unit configured to derive the intracellular volume ICV
using Rmix by taking into account that a cell of a first kind of tissue contributes
differently to the electrical resistance Rmix of the intracellular volume ICV compared

with a cell of a second kind of tissue.

In a preferred embodiment the evaluation unit is a microprocessor unit which in turn
comprises a microprocessor program storage unit, wherein in the microprocessor
program storage unit a program for deriving the intracellular volume |CV using Rmix

by taking into account that a cell of a first kind of tissue contributes differently to the
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electrical resistance Ry of the intracellular volume ICV compared with a cell of a

second kind of tissue is stored.

A computer program product which comprises a storage medium on which a
computer program is stored which is to be stored in a device according to the
invention for carrying out the methods according to the invention where the
~ evaluation unit comprises a microprocessor storage unit, is also constituting a part of |

the invention.

Various further embodiments of the invention are subject of the subclaims of the

iIndependent claims.

For an improved understanding of the invention, a non-restrictive example will be

described with reference to the appended drawings in which

Fig. 1 shows a schematic illustration of the three body compartments representing
the mal-hydration mass Mgy, the lean tissue mass Myt and the adipose tissue mass
Mar,

Fig. 2 shows a schematic illustration of a lean and an adipose tissue cell and their

influence on the electrical resistivity p,

Fig. 3a schematically shows the equivalent impedance locus according to the Hanal

model,

Fig. 3b schematically shows an equivalent impedance locus according to the present

invention,

Fig. 4 shows an example for the relation between the intracellular mixed resistivity

omix and the ratio of the masses Mar and M1 of the adipose and lean tissues,

Fig. 5 schematically shows an embodiment of a device for the assessment of the

body composition of a patient according to the present invention,
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Fig. 6a shows a bioimpedance electrode arrangement for whole body bioimpedance

measurements,

Fig. 6b shows a bioimpedance electrode arrangement for segmental body

bioimpedance measurements

Fig. 7 shows a graphical overview of an iteration method using the method according

to the invention to derive various body compartment masses and

Fig. 8 shows a compilation of example values for the various parameters required in

the example embodiment for the calculation of the body mass components.

As illustrated in Fig. 1 the human body can be divided into three compartments: an
excess fluid or mal-hydration compartment with mass Mgx, a lean tissue
compartment with mass Myt and an adipose tissue compartment with mass Mat. For
all three compartments the extracellular water (ECW) and intracellular water (ICW)
together with other contributions (minerals, proteins, lipids etc.) are also shown in Fig.
1. The excess fluid Mgx which mainly accumulates in the ECV space is an indicator of
the mal-hydration status of a patient. In a healthy subject Megx would be vanishing.
Mex may also have a negative value indicating a hydration status where the patient is

overhydrated.

The lean and the adipose tissue are distinguished in the framework of this application
by their water contents. The lean tfissue mass Myt comprises bones, organs
(including blood) and muscles. The majority of the lean tissue has a water content of
approx. 72% to 75% while the proportion of bone may lead {0 some variability in the
overall water content. More sophisticated models could be considered to include the
influence of bone or other tissues, but for the present purpose such refinements are
neglected. Adipose tissue mass Mat, on the other hand, is assumed to be largely

comprised of lipids and water in the form of fat cells or adipocytes.
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In studies of the electrical characteristics of different tissues, it turned out that there is
a large scatter in the data of the measured (apparent) resistivity among different
subjects. As the composition of intracellular fluid is well known with respect to its
electrolyte composition one could conclude that possibly the resistivity of pure fluid is
the same regardless of the tissue type. However, it is the non-conducting material
contained within the intracellular space that determines the overall or apparent
intracellular resistivity. As a result of non-conducting material, current paths are
lengthened leading to a non-uniform flux density throughout. Therefore the apparent
resistivity will be somewhat higher than the pure intracellular fluid. Fluid in this case
refers to an electrolyte solution not containing any organic material such as proteins
or lipids. Adipose tissue in particular contains a large quantity of fat and significantly

less water, leading to a somewhat higher apparent resistivity than other tissues.

In a first step to properly take into account this inhomogeneity in the cells, it appears
to be useful to just distinguish the resistivities of lean cells on one hand and of
adipose cells on the other hand (Fig. 2). Therefore, all cells with the exclusion of
adipose tissue are assumed to have the same apparent resistivity p_r. Furthermore,
as shown in Fig. 2, the fluid in the cells has the same pure resistivity (denoted by the

index "ICW") in all cells.

Although pure intracellular fluid may be similar to any other tissue, fat occupies
around 80-90% of adipose intracellular volume. This is illustrated in Fig. 2 by the
larger inner circle in the fat tissue cell whereas the remainder of the cells represents
the water content of the cells. Therefore the apparent resistivity of adipose tissue will
be higher than that of other tissues such as muscle. Current data suggested that the
apparent fat resistivity par is of the order of 3 times higher than the apparent lean
resistivity p_t, consistent with the difference in water content. The values given in Fig.

2 are estimates derived from an analysis made by the inventors.

In the Hanai model one approximates the human body by a first compartment related
to the ECV and a second compartment related to the ICV. As far as the electrical

properties of such a system are concerned, the cells of the ICV behave as insulators
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at zero frequency current. The current paths through the still conducting extracellular

medium in which the cells are suspended are lenghtened.

When an alternating current is used the cells of the ICV act as further path for the
electrical current gaining conductivity with increasing frequency. This situation is
illustrated in Fig. 3a. The human body may be represented by tissue consisting of a
simulated by the impedance locus as also shown in Fig. 3a: the electrical path is split
into two paths, the first one acting like an ohmic resistance Rg only and representing
the ECV, the second one acting as an ohmic resistance R, and a serial capacitance

representing the ICV.

The basic equation to link the volume V of a compartment like the ECV or ICV of a
human body with height Hgt at the time t to the electrical ohmic resistance R and the

apparent resistivity p is given by Eq. 1:

- p-Hgt* - K,
R

v

(1),

wherein Kg is the so-called shape factor accounting for the representation of certain
body parts in the measurement path like extremities like arms and legs by an
equivalent cylinder model. Since for a particular placement mode of the
measurement electrodes Kg is considered to be constant, it may also be absorbed
into other terms like a modified resistivity. For simplicity Kg is therefore omitted in the

remainder of this specification.

The apparent resistivity of a uniform mixture of electrically conducting and non-
conducting material is in turn related to the pure resitivity po of the conducting

material and to the volume ratio ¢ of the non-conducting material by Eq. (2):

__ FPo 2).
T ()
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In the Hanai model Egs. (1) and (2) are applied twice, once for the ECV and once for
the ICV. Whereas at zero frequency Egs. (1) and (2) link the ECV resistivity pe with
the ECV resistance Rg and ¢ accounts for the non-conducting cells, i.e. the ICV,
these equations relate at infinite frequency the total resistivity pg+ with the total
resistance Rg4 for the combined splaces ECV and ICV, ¢ now accounting for non-

conducting materials suspended in this volume like lipids, proteins and minerals. By

~ the difference of the total volume from the ECV determined beforehand the ICV is

derived.

However, especially for the representation of the ICV, as indicated above, there is a
need for improvement. In a limb for example, the bone is surrounded by lean material
(mainly skeletal muscle) while the exterior layers consist of adipose tissue otherwise
regarded as subcutaneous fat. Hence there are at least two different tissues of
primary relevance (the adipose and lean) which have different apparent resistivities

as already outlined in the description of Fig. 2.

Therefore the classical electrical model of human body tissue may be modified to
characterise at least two paths in the intracellular space. The two tissues may then
be taken into account by two parallel conductors. A corresponding impedance locus
is shown in Fig. 3b. The two tissues of the ICV are represented by a lean tissue
ohmic resistance R; .t and an adipose tissue ohmic resistance R a7. Different to Fig.

2 the inner circles in the individual cells now represent the water content in the cells.

The combined apparent resistivity pmix Of adipose and lean tissue for the ICV is given

by:

o = Prr " Par '(VLT T VAT) (3)
" PVt Par Vi

wherein pLt, pat are the apparent resistivities and V.1, Var the volumes of the lean

and adipose tissue cells, respectively. By defining a scalar ¥ by Eq. (4)
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M ,p 9,
W = Var — D,y _ M 7 , D, , O _ My . (4)
Vir MLT -G, M,y Dy 65 My
Dy

volume from the total tissue volume of the adipose and lean tissue compartments,
respectively. The scalar y is dimensionless. Adipose tissue density is around 0.92

kg/litre and muscle density approximately 1.06 kg/litre. Similarly the volume iraction

of intracellular fat to total fat volume could well be higher than that of lean tissue.
Therefore y is typically in the range 1.5 to 2. Basically x is fixed since it Is

fundamental to the tissue properties of adipose and lean tissue. In practise, however,
fluctuations may occur which are due to variations in the shape factor Kg from one
individual to another. Care is therefore required for either properly factoring out this

factor or for achieving comparable measurement conditions.
Substituting Eq. (4) into Eq. (3) yields

_Prr 'pATj(l"‘W) (9).
W Prr + Par

p niix

The factor y described above is somewhat elusive as it depends on knowledge of

volume fractions of intracellular compartments in various tissues. As both muscle and

adipose tissue can have variable cell size, it becomes extremely diificult to quantify y.

In order to address this problem of determining yx, data from dual X-ray

absorbitometry (DXA) measurements in a group of healthy subjects were used to
provide reference values of fat and lean tissues. The subjects were also measured
with bioimpedance in order to determine the corresponding intracellular resistance
values. The corresponding data is shown in Fig. 4. The graph denoted by "1"

represents a fit to an exponential term as given by Eq. 6:
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pmix =a- - (6)’
\ M; y,

with a= 2,9663 Qm and b=0,5218. The graph denoted by "2" represents a fit to Eq.
(5). In Fig. 4 the resistivity values for pure fat and pure lean intracellular tissues are
also shown. In the described embodiment of the invention the function according to
Eq. (5) or Eq. (6) plays a central role in the application of the new approach to
implement routine measurements on patients to derive a mal-hydration water volume
and/or the mass/weight of specific compartments like adipose tissue in order to

orovide a better insight into the hydration and/or nutritional status of a patient.

With the aid of Egs. (5) or (6) it is possible to derive the true mixed resistivity pmix for
an individual patient by iteration without requiring an explicit determination of all
parameters. Using a typical start value for the ICV, corresponding values for the
masses Mar and M.t can be derived that in turn enable a derivation of a new |CV
value by using the functions shown in Fig. 4 and thus to derive a new value for the
mixed resistivity pmix. Once sufficient convergence is achieved the true values for pmix
and ICV are found. In a subsequent step other parameters can finally be calculated.

The iteration process itself will be discussed in detail later.

The total ICV can be split into components ICVar and ICV 1. These are linked to the
masses Mt of the lean tissue compartment and Mar of the adipose tissue
compartment by proportionality constants ¢t and Cat:

ICV =ICVp +ICV jp =M 1 G+ My ‘G ar (7).
The total mass or weight M of the patient is according to Fig. 1:

M=M,.+M ,+Mg, (8).

Substituting Mar in Eq. (7) with the help of Eq. (8) and solving the resultant equation
for M1, Eq. (9) is obtained:
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=ICV_§AT(M_MEX) (9)
CLT _gAT

MLT

Before the lean tissue mass M+ can be derived, the mal-hydration mass Mgx has to
be calculated. The starting point is the observation that this compartment manifests
itself entirely in the ECV space. Taking ECW as the total water volume in the ECV
space - wherein ECW can be determined in the usual manner from biocimpedance
measurements -, ECW,t as the water volume in the ECV space of the lean tissue
compartment and ECWar as the water volume in the ECV space of the adipose

compartment, the mal-hydration extracellular water volume ECWEex is derived by EQq.
(10):

ECW,, = ECW — ECW,, — ECW,; (10).

Using the following definitions for the volume of intracellular water per unit mass of

lean tissue Aicw LT,

/1 _ VICW,L’J:_ (1 1 )

ICW,LT =
M,.

for the volume of extracellular water per unit mass of lean tissue Agcw,L,

/’L _ VECW,&T (1 2)

ECW LT —
M,

and for the volume of extracellular water per unit mass of adipose tissue Azcw,aT,

— VECW,AT (1 3)’

/IECW,AT o M
AT

and further introducing the definition
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A = /?'ECW,LT o ’a’ECW,AT (1 4)
él LT é’ AT

Eq. (10) can be transformed with the help of Egs. (8) and (9) into Eq. (195):

oy ECW = 4-ICV + (A& 1 = Ager 4z )- M : . 5)
=
(1 (A ‘ C: AT ‘Z’ECW,AT )DECW )

wherein Decw is the density of the extracellular water. Once the mal-hydration volume

ECWex has been determined (and thus the mal-hydration mass Mgx), the lean tissue

mass Mt can be calculated from Eq. (9) and the adipose tissue mass Mar by solving
Eq. (8).

After this physical background information an example of the method according to
the invention to determine the hydration or nutritional status of a patient is now
described with the help of an embodiment of a device according to the invention In
detail. Such an embodiment of a device for determining the mal-hydration mass Mgx
or volume ECWEgx of a patient is shown in Fig. 5. The device 10 comprises a
microprocessor unit 1 which in turn comprises a microprocessor program storage unit
1a. By means of a link 4 the microprocessor unit 1 is connected to an interface unit 2
and a computer storage unit 3. A program for measuring and determining the masses

Mex, Myt and/or Mat of a patient at a time t is stored in the microprocessor program

storage unit 1a.

The microprocessor program controls the device to determine patient impedance
values for two or more frequencies. For the corresponding measurement the device
10 comprises a bioimpedance measurement means 5 which is connected to the
interface unit 2 by a link 6. The bioimpedance measurement means 5 can be capable
of automatically compensating for influences on the impedance data like contact

resistances. An example for such a bioimpedance measurement means 5 is the
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already mentioned device from Xitron Technologies distributed under the trademark
Hydra™,

For the bioimpedance measurement various electrode arrangements are possibie. In
Fig. 5 only two electrode elements 5a and 5b are attached to the bioimpedance
measurement device 5. Each of the electrode units 5a and 5b consists of a current
injection electrode and a potential pick up electrode (not shown). By applying the two
electrode units 5a and 5b to the wrist and the ankle of a patient, respectively, as
outlined in the left part of Fig. 6, the whole body impedance may be determined.
Under this electrode configuration the body may be regarded as a combination of
several homogenous cylinders, representing trunk, legs and arms. Average
contributions of these components to the total impedance are also provided in Fig. 6,

mainly resulting from the differing cross-sections of the cylinders.

By using additional electrodes on shoulder and hip, these cylindrical segments may
be measured separately, thereby possibly increasing the accuracy of volume
determinations. Such a configuration is displayed on the right hand side of Fig. 6.
Additional electrode units 5a‘° and 5b‘ are attached close to the corresponding

shoulder and the hip of the patient enabling a segmental approach to the body

elements leg, arm and trunk.

The program stored in the microprocessor storage unit 1a initiates an impedance
measurement at at least two given frequencies by recording the corresponding
current and voltage signals, both being below critical thresholds so that the device
non-invasively probes the patient impedance and can easily be applied by the patient

him- or herself without necessarily requiring medical staff.

Returning to the embodiment shown in Fig. 5, the height Hgt of the patient as an
anthropometric measure X and the weight or mass M of the patient can be entered
into the device 10 via the interface unit 2, e.g. by means of a suitable interface like a
keyboard. This may be assisted by a metering and/or weighing means 7 linked to the

interface unit 2 by a link 8.
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In the embodiment shown in Fig. 5 the interface unit 2 serves as an interface by
which the values for Hgt, M and any measured impedance or applied current and
voltage values are directly exchanged via the link 4 between the computer storage
unit 3, the program stored in the microprocessor program storage unit 1a, the

interface 2 and the bioimpedance measurement means 5.

The program stored in the microprocessor storage unit 1a is now — with the help of
stored previously established data — processing the stored data in order to determine

any contributions of various body tissues to the total body mass.

The whole procedure by which the program progresses in order to derive the various

results is summarised in Fig. 7 whereby the parameter values as compiled in Fig. 8

may be used.

As outlined above the ECW value is determined by exploiting the fact that the
electrical impedance of body tissue changes when alternating currents of different
frequencies are applied to the patient via the electrodes. At low frequencies the cell
membranes behave as insulators and the applied current passes only through the
ECV spaces, i.e. the ECW volume. At high frequencies the cell membranes become
more conductive and thus current passes through both the ICV and ECV spaces.
Measurement of the impedance over at least two frequencies, better over a range of

frequencies, allows the determination of both the ECW and the ICV.

The ECW is derived from Eq. (1) by taking the resistance R at low or zero frequency
to be equal to Rg. In the second measurement at a higher frequency the measured
impedance R has contributions from both Rg and Rny, the latter resistance
corresponding to the apparent resistivity pmix- As Re is known, Rnix can be derived
from an impedance locus according to Fig. 3b where Rmix accounts for the resuitant

resistance of both intracellular pathways for the electrical current.

The program is then proceeding with a procedure as outlined in Fig. 7. Taking an
average start value for the resistance pmix, €.9. Pmixstart=0,8 Qm, and stored values for

the resistance Rmix and the height Hgt, a start value ICVyew is calculated according to
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Eq. (1). The program then enters an iteration loop which checks the convergence of
the data just derived. In this loop the previous value for ICV,ey is stored as a new

value for the parameter ICVqyq to enable the convergence check at the end of the

loop.

With the aid of the value for ICVyq the mal-hydration mass Mgx or volume ECWex Is
“derived according to Eq. (15), the lean tissue mass Myt according to Eq. (9) and the
adipose tissue mass Mat according to Eq. (8). Having derived a value for Mar and
My, the ratio Mat/M, 71 is calculated. With the aid of the stored relation pmix(Mat/M_T),
i.e. Eq. (6), a new value for pmix is derived. The iteration loop is now closed, and by
using the new accomplished value of pmx @ new value for the intracellular volume
ICV,ow can be calculated according to Eq. (1). Once convergence is established, a
consistent value for ICV is found. Then the final values of the various weight
components can be calculated, together with any other parameter of interest which
can be derived from this parameter value, independent of whether such other

parameter was part of the iteration procedure or not.

The result for Mgx or ECWEx is finally passed on to an output unit 9 which typically is
a display device which displays the result to a user. Further results — independent
whether as an intermediate or as an additional result like the mass Mar - might add to

the informative character of the display.

The compartmental results may be stored in the device to enable a trend analysis
including previously derived results. It has also proved useful to smooth the data by
deriving weighted average values from the latest and the previous data. For this
purpose various algorithms are available in the art to reduce statistical scatter in the
data. A useful improvement in the averaging procedure for the current result to be
displayed was obtained by giving the latest measurement the highest weight and by
decreasing the weight of other, previous measurements with increasing time that has

passed since the measurements were taken.

The disclosed device and method according to the invention is hence able to provide

for a powerful and more accurate technique for the management of dry weight. In
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case the weight Mar of the adipose or fat compartment and/or the weight M.t of the
lean tissue compartment are also determined the invention is yielding useful further
results which allow conclusions about the nutritional status of the patient. This is not

dependent on whether the patient is really mal-hydrated or not.

Hence management of any individual is possible, independent of any treatment
modality. The invention is particularly applicable for patients which undergo end
stage renal failure treatments like hemodialysis, hemofiltration, hemodiafiltration or
any forms of peritoneal dialysis (all these treatment modalities are summarised
throughout this patent application by the terminology ,a dialysis treatment”). A
characterisation of hydration status might also be highly desirable within the intensive
care setting, since highly abnormal electrolyte- and fluid conditions are frequent for
such patients. Furthermore, measurement in virtually any setting where nutrition or
fitness parameters are required, including home, pharmacies, medical praciices,

dialysis units, wards, fitness centres, etc., would be practical.
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Claims

1. A method for determining an intracellular volume ICV of a patient comprising the

steps of:
determining an intracellular electrical resistance Rnmix of the patient,

deriving the intracellular volume ICV using Rmix by taking into account that a cell
of a first kind of tissue contributes differently to the electrical resistance Ryx of the

intracellular volume ICV compared with a cell of a second kind of tissue.

2. The method according to claim 1 characterised in that it further comprises the
steps of determining at least one anthropometric measure X of the patient and to

derive the intracellular volume ICV by also using the anthropometric measure X.

3. The method according to claim 2 characterised in that the at least one

anthropometric measure X is the height Hgt of the patient.

4. The method according to any of the preceding claims characterised in that it
further comprises the steps of determining an extracellular electrical resistance Rg

of the patient and deriving an extracellular water volume ECW of the patient using
RE.

5. The method according to claim 4 characterised in that it further comprises the
step of deriving a mal-hydration water volume ECWgx of the patient by using the

extracellular water volume ECW.

6. The method according to claim 5 characterised in that it further comprises the
steps of determining the total mass M of the patient and to derive the mal-

hydration water volume ECWEex by also using the total mass M.
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The method according to any of the preceding claims characterised in that it

further comprises the step of deriving the masses Mat of the first kind of fissue

and Mt of the second kind of tissue of the patient.

The method according to any of the preceding claims characterised in that the

first kind of tissue is adipose tissue and the second kind of tissue is lean tissue.

M.

The method according to claim 8 characterised in that the lean tissue is defined

by the tissue of the patient not being adipose tissue.

10.A device (10) for carrying out the method according to any of the preceding claims

11.

comprising

a measurement unit (5), wherein the measurement unit comprises a

bioimpedance device for determining an intracellular electrical resistance Rpx of

of the patient and

an evaluation unit (1) configured to derive the intracellular volume ICV using Rpix
by taking into account that a cell of a first kind of tissue contributes differently to

the electrical resistance Ryix of the intracellular volume ICV compared with a cell

of a second kind of tissue.

The device according to claim 10 characterised in that the evaluation unit is a
microprocessor unit (1) which in turn comprises a microprocessor program
storage unit (1a), wherein in the microprocessor program storage unit (1a) a
program for deriving the intracellular volume [CV using Rnix by taking into account
that a cell of a first kind of tissue contiributes differently to the electrical resistance

Rmix Of the intracellular volume ICV compared with a cell of a second kind of

tissue Is stored.

12.The device according to claim 11 characterised in that the program stored in the

microprocessor storage unit (1a) also controls the measurement unit for

determining the resistance Rpyix-
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13.The device according to any of the claims 10 to 12 characterised in that the
device further comprises input means (2) for entering an anthropometric measure
X of the patient into the evaluation unit (1) and that the evaluation unit is

configured of deriving the intracellular volume ICV using X.

14.The device according to any of the claims 10 to 13 characterised in that the
measurement unit (5) is also configured to determine an extracellular electrical
resistance Rg of the patient and in that the evaluation unit (1) is configured to

derive the extracellular water volume ECW using RE.

15.The device according to claim 14 characterised in that the evaluation unit (1) is
further configured to derive a mal-hydration water volume ECWgx using the

extracellular water volume ECW.

16.The device according to claim 15 characterised in that the device further
comprises input means (5) for entering the total mass M of the patient into the
evaluation unit (1) and that the evaluation unit is configured to derive the mal-

hydration water volume ECWEgx using M.

17.The device according to any of the claims 10 to 16 characterised in that the
evaluation unit (1) is configured to derive the masses MaT of the first kind of tissue

and Myt of the second kind of tissue of the patient.

18.The device according to any of the claims 10 to 17 characterised in that the first

Kind of tissue is adipose tissue and the second kind of tissue is lean tissue.

19. The device according to claim 18 characterised in that the lean tissue is defined

as the tissue of the patient not being adipose tissue.

20.The device according to any of the claims 10 to 19 characterised In that it further
comprises an output unit (9) linked to the evaluation unit (1) for outputting,

preferably displaying, any data derived from the evaluation unit.
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21.A computer program product characterised in that it comprises a storage medium

on which a microprocessor program to be stored in the microprocessor program

storage unit (1a) of the device (10) according to claim 11 Is stored.
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Lean tissue

Adipose tissue

Fig. 3b
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Parame- Value Description Unit
ter
NCW LT 0.425 | Volume of intracellular water per unit mass of lean tissue litres/kg
Mowar | 0-154 | Volume of intracellular water per unit mass of adipose tissue | litres/kg
Aecwir | 0.290 | Volume of extracellular water per unit mass of lean tissue litres/kg
Aecwar | 0.096 | Volume of extracellular water per unit mass of adipose tissue | litres/kg
&y -10.620 | Intracellular volume per unit mass of lean tissue __| itres/kg
' CaT 0.987 | Intracellular volume per unit mass of adipose tissue litres/kg
Decw 1.020 | Density of total extracellular fluid [ kgllitres

Fig. 8
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