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METHOD AND APPARATUS FOR
DETERMINING THE BODY TEMPERATURE
OF A PATIENT

[0001] The present invention relates to a method and to an
apparatus for determining the body temperature or a tem-
perature correlated therewith of a patient connected to an
extracorporeal blood circuit, wherein the extracorporeal
blood circuit has a heat exchanger which is flowed through
by blood at one side and by a heat transfer medium at the
other side.

[0002] It is known from the prior art to measure the body
temperature of a dialysis patient before and during the
dialysis treatment. This is an important indicator for the
physiological state of the patient, for example during hemo-
dialysis treatment or a hemodiafiltration treatment.

[0003] The body temperature of the patient before the
treatment is substantially determined by his biorhythm and
may be elevated by illness such as inflammation.

[0004] The dialysis treatment itself can likewise influence
the body temperature by different factors. An excitation of
the catabolism during the treatment and equally the reduc-
tion of the blood volume by ultrafiltration produce a slight
increase in body temperature, for example. Greater and
faster increases in temperature can be caused, for example,
by intolerance reactions to the dialysis treatment which are
caused by the contact of blood with components of the
dialyzer or of the remaining extracorporeal system or by
intradialytic medication administration.

[0005] A greater displacement of the blood circulation into
the periphery of the body takes place by physiological
regulatory mechanisms as a counter-reaction of the body on
an exceeding of specific temperature thresholds to cool the
body down. This displacement, however, simultaneously
results in a lowering of the central blood pressure, which can
result, together with the volume withdrawal due to the
ultrafiltration taking place during the treatment, in a drop in
blood pressure.

[0006] Against this background, the measurement of the
body temperature before and during the dialysis treatment is
of diagnostic value. Apart from this, critical states during the
dialysis can be recognized by the measurement of the body
temperature and counter-measures can be taken. The control
of the dialysis temperature with the body temperature as an
input value is, for example, conceivable to be able to carry
out a safe and comfortable dialysis treatment.

[0007] A disadvantage of the measurement of the body
temperature is the additional apparatus and personnel effort
associated therewith.

[0008] In clinical practice, the measurement of the body
temperature takes place using a medical thermometer, either
by contact or as an infrared measurement. The evaluation of
the measured value takes place by the carers who draw
conclusions on the state of the patient from the measured
value and adapt the dialysis temperature as required. Such
measurements generally only take place when the patient
shows specific symptoms so that intradialytic changes of the
body temperature are not noticed or are only noticed rarely.
[0009] Automated continuous measurements are also
known from the prior art in which a measurement is taken
at the arterial blood hose of the extracorporeal blood circuit
and in which a conclusion on the body temperature is drawn
from the measurement of the temperature drop between the
puncture position and the measurement site. The sensors
used for this purpose are available as additional parts, which
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is accompanied by additional procurement costs and an
additional effort on the insertion of the hose system into the
sensor heads.

[0010] It is therefore the underlying object of the present
invention to provide a method and an apparatus by means of
which it is possible to detect or approximate the absolute
value and/or the development of the body temperature of the
patient without any additional hardware solely using the
elements already present in the hydraulics, i.e. e.g. solely
using the elements already present in the dialyzate system of
a dialysis machine, in particular by means of the sensors
anyway present there.

[0011] It is pointed out at this point that the method in
accordance with the invention and the apparatus in accor-
dance with the invention are not restricted to dialysis, but
rather also cover other treatment methods for patients in
which extracorporeal blood circuits are used such as in
therapeutic hypothermia, in which the blood is cooled to a
specific temperature value below the physiological value.

[0012] This named object is achieved by a method having
the means of claim 1 as well as by an apparatus having the
features of claim 9.

[0013] Provision is accordingly made that the temperature
(T ;) of the heat carrier medium such as the dialyzate or a
temperature fluid for setting the temperature of the blood at
the inlet side is measured at the inlet of the heat exchanger
(also called a “heat exchanging device” in the following)
and the temperature (T ) of the heat carrier medium at the
outlet side is measured at the outlet of the heat exchanger
and the volume flow of the heat carrier medium (Q,) is
measured and such that the temperature (T,,) of the blood at
the inlet side is determined at the inlet of the heat exchanger
in accordance with the relationship

Ty =T QDT g T ) )]

where the value D is a value characteristic of the heat
transfer by the heat exchanger. It can be seen from formula
(1) that no measurement has to be carried out at the blood
side to determine the temperature value for the blood.
Measurements of the temperature of the dialyzate or of
another heat carrier medium before and after the dialyzer/
heat exchanger as well as the measurement of the volume
flow of the dialyzate or of the heat carrier medium are
sufficient.

[0014] In accordance with Fourier’s Law, the heat flow J
between two compartments is proportional to their tempera-
ture difference. In the case of a dialyzer, these compartments
are formed by the space flowed through by blood, on the one
hand, and by the space flowed through by dialyzate, on the
other hand. The space flowed through by blood typically
comprises the inner spaces of a hollow fiber bundle and the
space flowed through by dialyzate comprises the space
surrounding it.

[0015] Itis pointed out at this point that the expression that
the heat exchanger is flowed through by blood at one side
and by a heat carrier medium at the other side covers the case
that respectively exactly one compartment or space is pro-
vided for the blood and one for the heat carrier medium and
also the case that a plurality of compartments or spaces are
present for the blood and/or for the heat carrier medium.

[0016] Itis pointed out in another respect that the term “a
or “one” used within the framework of the invention covers
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both the case that exactly one of the elements is present and
the case that a plurality of the elements in question are
present.

[0017] If a dialyzer is assumed as the heat exchanger or
heat exchanging device, J=D (T,,=T,) results for the heat
flow J, where T,, is the inlet temperature into the dialyzer at
the blood side and T, is the inlet temperature into the
dialyzer at the dialyzate side.

[0018] D is a value which describes the heat exchange or
transfer in the dialyzer or heat exchanger. D depends on the
geometrical design and on the material properties of the
dialyzer or heat exchanger, on the substance properties of the
blood and of the dialyzate or of the heat carrier medium and
on the flow rates of the blood and of the dialyzate or of the
heat carrier medium.

[0019] The references made above and in the following
with respect to the dialyzer and the dialyzate are represen-
tative for any desired heat exchanger and any desired heat
carrier medium.

[0020] The heat flow input into the dialyzate also has to be
transported away again by means of the dialyzate while
neglecting radiation losses (energy maintenance) so that
J=Q, (T, -T,) also applies to J, where T, is the outlet
temperature from the dialyzer at the dialyzate side and Q; is
the dialyzate flow, i.e. the volume flow of the dialyzate
through the dialyzer.

[0021] If the two formulas are combined, the above rela-
tionship (1) results:

L~ T,HQ /DN LT W

[0022] The blood temperature at the inlet of the dialyzer
can thus be determined with a known D solely by means of
values which are measured at the dialyzate side or are known
there. The lack of a sign or of an indicated operator between
the bracket expressions (Q/D) and (T,-T,) is to be
understood as a multiplication of the bracket expressions.
This applies accordingly to all the formulas named within
the framework of the invention.

[0023] The value D can be determined in that the methods
are applied such as are used for determining the dialysance
for the diffuse mass transfer in a dialyzer. We refer in this
connection to the standard work: Replacement of Renal
Function by Dialysis”, 4th edition; Chapter 2, “Principles
and Biophysics of Dialysis™ (Sargent & Gotch), pp. 69-74
and Chapter 9, “Hemodialysis Fluid Composition” (C.
Ronco et al) pp. 263-266.

[0024] The body temperature and also a value correlated
therewith such as the blood temperature in the extracorpo-
real blood circuit can be determined by the method in
accordance with the invention and by the apparatus in
accordance with the invention.

[0025] In a conceivable embodiment of the invention, the
value D is determined, with a known characteristic k, A of
the heat exchanger, from the relationship

D=0,(e™-1)(e"~(04/Qa) @

[0026]  where y=k, A (Q-Q,)(QQ»)
or
D=0,(1-¢0/(1+(0,/0.) @
0027] - where Y=k, A (Q+Q,)(QQ5)

with the formula (2) applying to the flowing through of the
heat exchanger by blood and heat carrier medium in a
counter flow and the formula (3) applying to the flowing
through of the heat exchanger by blood and heat carrier
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medium in coflow, and with the value Q, representing the
volume flow of the blood through the heat exchanger.
[0028] If the value K, A of the heat exchanger is not
known, D (or also K, A using equations (2) and (3)) can be
determined analogously to the determination of the diffuse
dialyzer clearance by temperature variations at the dialyzate
side, e.g. in the form of pulse profiles or stage profiles.
[0029] This requires the time development T, for a tem-
perature variation pulse j of the temperature of the dialyzate
to be measured at the dialyzer inlet and dialyzer outlet and
for the area below the temperature curve to be determined by
integral formation.

[0030] Using the pulse method,

D=0,(1-4,4/44) @

then results for D, where A ;| represents the area, optionally
corrected by a baseline, below the temperature curve over
time at the outlet side of the heat exchanger and A,
represents the area, optionally corrected by a baseline, below
the temperature curve over time at the inlet side of the heat
exchanger.

[0031] The areas A, or A, generally A, are thus A~[T,
(dt-BL,, for the respective pulse, where BL, represents a
suitably determined baseline for the pulse j.

[0032] It is furthermore conceivable that the value D is
determined from the relationship

D=0, )

where provision is preferably made that the value f'is 1 or
is in the range 1%0.1 or 1+0.2. This recognition is based on
the fact that, in contrast to the mass transfer, the heat
exchange or heat transition is largely independent of prop-
erties of the pores determining the substance diffusion and
also takes place without direct contact of the two liquids to
one another. D can thus also be assumed as proportional to
the blood flow Q, in simplified terms.

[0033] The value 1 can be used for fin a first approxima-
tion.
[0034] It is also possible to determine the value T,, in

accordance with formula (1) and to compare it with mea-
sured values of the blood temperature. f can thus be deter-
mined as a fit factor for different types of dialyzers or heat
exchangers and can be placed in table form in a calculation
unit of the dialysis machine or of the treatment device.
[0035] It is furthermore conceivable that the blood tem-
perature in the extracorporeal blood circuit is measured for
the purpose of the later estimation of the blood temperature
or body temperature and a relationship between the mea-
sured value (T,,,) (blood temperature in the arterial line of
the extracorporeal blood circuit) and the value T,, deter-
mined in accordance with formula (1) is established by
regression, preferably by a linear regression. A regression
equation of the type

T,

a

ri=a Tyith (6)

can thus be prepared, for example, where the coeflicients a
and b can e.g. be determined by a least square method.
[0036] This relationship can then be used to determine the
value for T,,, from the values T,, determined in accordance
with formula (1). This value can then be used, for example,
to determine the body temperature Ty,
[0037] This can take place, for example according to the
relationship

Txsrper=T1 Umgebung+(T w1 Umgebung)exp(al‘/ ) O
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where o is the thermal conductivity per length unit of the
hose piece of the extracorporeal circuit between the arterial
vessel port and the heat exchanger, Ty,4ep.m 15 the envi-
ronmental temperature and L is the length of this hose piece.
[0038] It results from equation (7) that the body tempera-
ture substantially corresponds to the temperature T, , at high
values for Q,.

[0039] Provision is made in a conceivable embodiment of
the invention that the determined body temperature or the
value correlated therewith is used to set the dialysis tem-
perature based thereon. If the e.g. determined value of the
body temperature is too low, the dialysis temperature is
raised and vice versa. A feedback loop is also conceivable in
which the determined body temperature or the value corre-
lated therewith represents the regulation value and is main-
tained at a desired value or in a desired value range by means
of the dialyzate temperature as a control variable. The
applies to the method in accordance with the invention and
also to the apparatus in accordance with the invention.
[0040] It is furthermore conceivable that the dialyzate
temperature can be used as an input value for any desired
regulations and profiles.

[0041] Provision can furthermore be made that the output
of an alarm takes place if the body temperature or a value
correlated therewith exceeds or falls below a limit value or
a limit value range. The same applies accordingly not only
to the absolute value of the body temperature or of the value
correlated therewith, but also to the change of the body
temperature or of the value correlated therewith with respect
to another value, in particular with respect to the outlet
temperature, i.e. a delta monitoring is also covered by the
invention. This finally also applies accordingly to the detec-
tion of the speed of the change of the body temperature or
of the value correlated therewith. If it exceeds or falls below
a limit value or limit value range, an alarm can likewise be
output.

[0042] Any desired information which can be perceived
by the user or the medical staff is to be understood by the
term “alarm” such as an alarm sound in the narrower sense
or a communication in text form.

[0043] The present invention furthermore relates to an
apparatus for determining the body temperature or a tem-
perature correlated therewith of a patient having an extra-
corporeal blood circuit, wherein the extracorporeal blood
circuit has a heat exchanger which is flowed through by
blood at one side and by a heat carrier medium at the other
side; wherein the apparatus has measurement sensors which
are arranged to measure the temperature (T,) of the heat
carrier medium at the inlet side at the inlet of the heat
exchanger and to measure the temperature (T,,) of the heat
carrier medium at the outlet side at the outlet of the heat
exchanger and to measure the volume flow of the heat carrier
medium (Q,); and wherein the apparatus has a calculation
unit which is configured to determine the temperature (T,,)
of the blood at the at the inlet side at the inlet of the heat
exchanger in accordance with the relationship

T =T H QDN Ty T) M

where the value D is a value characteristic of the heat
transfer by the heat exchanger.

[0044] It is conceivable that the heat exchanger is a
dialyzer and/or that the temperature correlated with the body
temperature is the temperature of the blood in the extracor-
poreal circuit.
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[0045] Provision can furthermore be made that the appa-
ratus has calculation means which are configured to deter-
mine the value D, with a known characteristic k, A of the
heat exchanger, from the relationship

D=0,(e™-1)(e"-(@/0,) @

[0046]  where y=k, A (Q~Qs)(QAQ)
or
D=0,(1-¢"/(1+(0y/Q) ®
[0047] * where y=k, A (QA4Q,)(QAQ,)

with the formula (2) applying to the flowing through of the
heat exchanger in a counter flow and the formula (3)
applying to the flowing through of the heat exchanger in
coflow, and with the value Q, representing the volume flow
of the blood through the heat exchanger.

[0048] The apparatus can have calculation means for
determining the value D, said calculation means being
configured to generate a temperature variation at the side of
the heat carrier medium and to integrate the time develop-
ment of the temperature of the heat carrier medium at the
inlet and at the outlet or at the measurement points over time
and to determine the value D from the relationship

D=0,(1-4,,/44) (C)

where A, represents the area, optionally corrected by a
baseline, below the temperature curve over time at the outlet
side of the heat exchanger and A, represents the area,
optionally corrected by a baseline, below the temperature
curve over time at the inlet side of the heat exchanger.
[0049] The apparatus can furthermore have calculation
means which are configured to determine the value D from
the relationship

D=0, ®

where provision is preferably made that the value f'is 1 or
is in the range 1+0.1 or 1+0.2.

[0050] Provision is made in a further embodiment of the
invention that a measuring sensor is provided to measure the
blood temperature in the extracorporeal circuit for the pur-
pose of determining a correlation between calculated values
and actual values and that regression means are provided
which are configured to prepare a regression equation
between the measured value (T ,,,) and the value determined
in accordance with formula (1) by regression, preferably by
linear regression.

[0051] This can read

T,

a

ri=a Tpith (6)

for example.

[0052] Itis furthermore conceivable that the apparatus has
calculation means which are configured to calculate T,
from the regression equation and to determine the body
temperature in accordance with the equation

Tkspe-=T1 Umgebung+(T i1 Umgebung)exp(a‘l’/ (03] @)

where o is the thermal conductivity per length unit of the
hose piece of the extracorporeal circuit between the arterial
vessel port and the heat exchanger and L is the length of this
hose piece.

[0053] As stated above, setting means can be present by
means of which the dialyzate temperature can be varied.
[0054] This or a regulator can have the determined body
temperature or the value correlated therewith as an inlet
value and can set the dialyzate temperature, which serves as
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a control variable, in dependence thereon. A regulator can be
provided in this respect to which the determined body
temperature or the value correlated therewith is supplied as
actual values and which calibrates them to a desired value or
in a desired value range by means of the dialyzate tempera-
ture.

[0055] The apparatus can furthermore have at least one
alarm device which is suitable to output an alarm when the
body temperature or a value correlated therewith exceeds or
falls below a limit value or a limit value range. The same
applies accordingly not only to the absolute value of the
body temperature or of the value correlated therewith, but
also to the change of the body temperature or of the value
correlated therewith with respect to another value, in par-
ticular with respect to the outlet temperature, i.e. a delta
monitoring is also covered by the invention. This finally also
applies accordingly to the detection of the speed of the
change of the body temperature or of the value correlated
therewith. If it exceeds or falls below a limit value or limit
value range, an alarm can likewise be output by means of the
alarm apparatus.

[0056] Any desired information which can be perceived
by the user or the medical staff is to be understood by the
term “alarm” such as an alarm sound in the narrower sense
or a communication in text form.

[0057] Alternatively or additionally, the apparatus can
comprise monitoring means for monitoring one or more of
the named values (absolute value of the body temperature or
of the value correlated therewith; its difference with respect
to a reference value; its change speed).

[0058] The present invention furthermore relates to a
blood treatment device, in particular to a dialysis machine,
which is characterized in that the blood treatment device is
designed with an apparatus in accordance with one of the
claims 8 to 14 and/or has means for carrying out a method
in accordance with one of the claims 1 to 7.

[0059] Further details and advantages of the invention will
be explained in more detail with reference to an embodiment
shown in the drawing.

[0060] There are shown:

[0061] FIG. 1: a comparison of the values of the blood
temperature (Thi) calculated in accordance with formulas
(1) and (5) and the measured values of the temperature
(T_art (BTM)) of the blood in the arterial part of the
extracorporeal circuit at the start of dialysis in ° C,;
[0062] FIG. 2: a comparison of the calculated (dTbi)
temperature change and of the measured change of the
arterial blood temperature (dTart (BTM) during the dialysis;
and

[0063] FIG. 3: a schematic representation of a dialysis
machine in accordance with the invention.

[0064] FIG. 1 shows a comparison of calculated values
and measured values for the arterial blood temperature of a
patient at a start of dialysis on the data basis of 5000 values
or treatments. The blood flow Q, amounted to 350-450
ml/min and the dialyzate flow Q, amounted to 500-700
ml/min. The value for D was calculated in accordance with
formula (5) with f=1.1.

[0065] FIG. 1 illustrates a good correlation between the
calculation in accordance with the invention at the dialyzate
side and the measurement of the temperature at the blood
side, with the standard deviation of the difference of the two
methods lying at 0.19° C. The systematic deviation can be
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determined by a correction with the aid of the coefficients
determined from the regression in accordance with the
formula T ,,=a T,+b.

[0066] In addition to an automatic registration and docu-
mentation of the body temperature at the start of the treat-
ment, an automated monitoring for an exceeding of a
threshold value can alternatively or additionally also take
place with corresponding information to the nurse or phy-
sician. This can be necessary in order e.g. to draw attention
to an inflammation.

[0067] It is additionally or alternatively also conceivable
that an alarm is output when the body temperature or its
difference from a reference value such as from the starting
value of the body temperature at the start of treatment or
when its change speed exceeds or falls below a limit value
or a limit value range.

[0068] In the example shown in FIG. 1, the exceeding of
an arterially measured temperature of 37.2° can be recog-
nized with a sensitivity of 82% and a specificity of 98% by
the measurement at the dialyzate side.

[0069] FIG. 2 shows a comparison of values calculated in
accordance with the invention, i.e. by sensors at the dialyz-
ate side, and measured values for the change of the arterial
blood temperature of a patient during the treatment on the
data basis of 5000 values or treatments. The blood flow Q,
amounted to 350-450 ml/min and the dialyzate flow Q,
amounted to 500-700 ml/min. The value for D was calcu-
lated in accordance with formula (5) with f=1.1. A good
correlation between the calculation in accordance with the
invention at the dialyzate side and the measurement at the
blood side is also shown here, with the standard deviation of
the difference of the methods amounting to 0.17° C.
[0070] In accordance with the invention, a monitoring of
the intradialytic change of the patient temperature is thus
also possible.

[0071] As initially stated, a temperature increase can be an
indication of an intolerance reaction, or a drop in blood
pressure can result due to a temperature increase brought
about by any causes.

[0072] Due to the detection of the temperature change
which preferably runs automatically, the dialysis machine
can automatically output a warning against possible intol-
erance reactions, i.e. have corresponding output means,
warn against possible impending drops in blood pressure,
trigger a blood pressure measurement in an automated
manner or increase its frequency, or lower the dialyzate
temperature to counteract the increase in the body tempera-
ture or also to carry out a plurality of the aforesaid measures.
The dialysis machine or other treatment device can have
means to carry out one or more of these measures.

[0073] In the example shown in FIG. 2, the presence of a
temperature increase of more than 0.5° can be recognized
with a sensitivity of 73% and a specificity of 90% by the
measurement at the dialyzate side.

[0074] As already stated above, the temperature deter-
mined in accordance with formula (1) or the temperature
determined in accordance with T _,,=a T,+b or the tempera-
ture determined in accordance with formula (7) can be used
as an input value for the regulation of this temperature to a
desired value or in a desired value range, for which purpose
the temperature control unit 8 shown in FIG. 3 can be used
and for which purpose the device has a regulation unit 9.
[0075] The keeping constant of the temperature at the start
of the dialysis is in particular possible using the method in
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accordance with the invention or using the apparatus in
accordance with the invention without substantial losses in
precision with respect to the method based on the measure-
ment with sensors at the blood side since systematic devia-
tions between the procedure in accordance with the inven-
tion and the reference are of no significance here.

[0076] In accordance with the invention, only elements
which are anyway present at a dialysis machine are prefer-
ably used for the temperature measurement, which brings
along cost advantages. Temperature sensors arranged at the
blood side can thus be dispensed with, for example.
[0077] FIG. 3 shows a dialysis machine by means of
which the method in accordance with the invention can be
carried out or a dialysis machine in accordance with the
invention. The blood pump 3 conveys blood out of the vessel
port 1 via a first arterial needle 11a in the direction 2a and
via a first blood line 4« to the blood side 5a of a dialyzer or
other heat exchanger or heat exchanging device (both terms
are used synonymously within the framework of the inven-
tion).

[0078] The blood side S« is in thermal contact with the
dialyzate side 56 or with a second compartment 55 of the
dialyzer 5 via one or more membranes.

[0079] Ifitis a hemodialysis or hemodiafiltration, 55 is the
dialyzate side of a dialyzer; with an apparatus for blood
temperature control, it is the side of the heat exchanging
device flowed through by a heat medium or a coolant.
[0080] For the temperature control of the dialyzate or of
the heat medium/coolant, the temperature control unit 8
serves as an adjustment member which can have elements
such as heating and/or cooling elements, temperature sen-
sors and regulation apparatus controlled in an analog or
digital manner.

[0081] The temperature of the liquid flowing into the
second compartment 55 is measured upstream and down-
stream of the second compartment 56 by means of the
temperature sensors 7a, 7b. The temperature control unit 8
can be controlled by the evaluation and/or regulation unit 9
with the aim of changing the blood temperature in the
second blood line 46 by means of which the blood is
conveyed through the venous port 115 in the direction 25
back to the patient.

[0082] Apart from the sensors 7a, 7b, means for deter-
mining the liquid flow at the blood side and at the secondary
side, i.e. at the dialyzate side, are also connected to the
regulation unit 9.

[0083] To determine the blood temperature in the line
sections 44 and 45 and the body temperature and/or its time
variations in the course of treatment, different calculations,
described in more detail above, are carried out in the
evaluation unit 9 and the results can be communicated to a
display unit 10 or also via a different kind of communication
such as over a network or a wireless communication such as
to a smartphone.

1. A method of determining the body temperature or of a
temperature correlated therewith of a patient connected to an
extracorporeal blood circuit, wherein the extracorporeal
blood circuit has a heat exchanger which is flowed through
by blood at one side and by a heat carrier medium at the
other side, characterized in that the temperature (T ;) of the
heat carrier medium at the inlet side is measured at the inlet
of the heat exchanger and the temperature (T ;) of the heat
carrier medium at the outlet side is measured at the outlet of
the heat exchanger and the volume flow of the heat carrier
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medium (Q,) is measured; and in that the temperature (T,,)
of the blood at the inlet side is determined at the inlet of the
heat exchanger in accordance with the relationship
Ty =TH QDY T 35~ T ) )
where the value D is a value characteristic of the heat
transfer by the heat exchanger.

2. A method in accordance with claim 1, characterized in
that the heat exchanger is a dialyzer; and/or in that the
temperature correlated with the body temperature is the
temperature of the blood in the extracorporeal circuit; and/or
in that the calculated temperature is supplied as an actual
value to a regulation and the temperature regulation of the
body temperature or of the temperature correlated therewith
is carried out using the change of the temperature of the heat
carrier medium as the adjustment value.

3. A method in accordance with claim 1, characterized in
that the value D is determined, with a known characteristic
k, A of the heat exchanger, from the relationship

D=0y(e"-1)/(€'~(0:/0) @
where y=k, A (Q~Qp)/(QAQ)
or

D=0y(1-¢/(14(Qy/Qu) ®

where y=k, A (Q+Q,)(QRQ;)
with the formula (2) applying to the flowing through of
the heat exchanger in a counter flow and the formula (3)
applying to the flowing through of the heat exchanger
in coflow, and with the value Q, representing the
volume flow of the blood through the heat exchanger.
4. A method in accordance with claim 1, characterized in
that the value D is measured in that a temperature change is
carried out at the side of the heat carrier medium and the
time development of the temperature of the heat carrier
medium at the inlet and at the outlet is integrated over time
and the value D is determined from the relationship

D=0,(1-4,,/44) (C)

where A, represents the area, optionally corrected by a
baseline, below the temperature curve over time at the
outlet side of the heat exchanger and A ;, represents the
area, optionally corrected by a baseline, below the
temperature curve over time at the inlet side of the heat
exchanger.

5. A method in accordance with one of the preceding

claims, characterized in that the value D is determined from
the relationship

D12y ©)

where provision is preferably made that the value fis 1 or
is in the range 1£0.1 or 120.2.

6. A method in accordance with claim 1, characterized in
that the blood temperature in the extracorporeal circuit is
measured and a relationship is established between the
measured value (T,,,) and the value determined in accor-
dance with formula (1) by regression, preferably by linear
regression, preferably in accordance with the relationship

T,

art’

=q T,+b (6

with provision preferably being made that T, is calcu-
lated from the regression equation and that the body
temperature is determined in accordance with the rela-
tionship

Txsrper=T1 Umgebung+(T w1 Umgebung)exp(al‘/ ) O
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where ¢ is the thermal conductivity per length unit of the
hose piece of the extracorporeal circuit between the
arterial vessel port and the heat exchanger and L is the
length of this hose piece.

7. A method in accordance with claim 1, characterized in
that the body temperature or a value correlated therewith, its
difference with respect to a reference value and/or its change
speed is monitored, with provision preferably being made
that an alarm is output on an exceeding or falling below of
a limit value or limit value range of one of the aforesaid
values.

8. An apparatus for determining the body temperature or
a temperature correlated therewith of a patient having an
extracorporeal blood circuit, wherein the extracorporeal
blood circuit has a heat exchanger which is flowed through
by blood at one side and by a heat carrier medium at the
other side; characterized in that the apparatus has measure-
ment sensors which are arranged to measure the temperature
(T,) of the heat carrier medium at the inlet side at the inlet
of the heat exchanger and to measure the temperature (T )
of the heat carrier medium at the outlet side at the outlet of
the heat exchanger and to measure the volume flow of the
heat carrier medium (Q,); and in that the apparatus has a
calculation unit which is configured to determine the tem-
perature (T,,) of the blood at the inlet side at the inlet of the
heat exchanger in accordance with the relationship

=Tt (QdDNT 3o~ T) M

where the value D is a value characteristic of the heat

transfer by the heat exchanger.

9. An apparatus in accordance with claim 8, characterized
in that the heat exchanger is a dialyzer and/or that the
temperature correlated with the body temperature is the
temperature of the blood in the extracorporeal circuit.

10. An apparatus in accordance with claim 8, character-
ized in that the apparatus comprises calculation means
which are configured to determine the value D, with a
known characteristic k, A of the heat exchanger, from the
relationship

D=0, (e*-1)/(e"~(Q/0) @
where Y=k, A (Q~Qu)(QQy)
or

D=0,(1-¢)/(1+(2y/0,) )

where y=k, A (QA+Q,)(QRQ,)
with the formula (2) applying to the flowing through of

the heat exchanger in a counter flow and the formula (3)
applying to the flowing through of the heat exchanger

in coflow, and with the value Q, representing the
volume flow of the blood through the heat exchanger.

11. An apparatus in accordance with claim 8, character-
ized in that the apparatus comprises calculation means for
determining the value D which are configured to carry out a
temperature change at the side of the heat carrier medium
and to integrate the time development of the temperature of
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the heat carrier medium at the inlet and at the outlet over
time and to determine the value D from the relationship
D=01-4,/4) 4
where A, represents the area, optionally corrected by a
baseline, below the temperature curve over time at the
outlet side of the heat exchanger and A , represents the
area, optionally corrected by a baseline, below the
temperature curve over time at the inlet side of the heat
exchanger; and/or

in that the apparatus comprises calculation means which

are configured to determine the value D from the

relationship

D=0, ¢
where provision is preferably made that the value fis 1 or

is in the range 1£0.1 or 120.2.

12. An apparatus in accordance with claim 8, character-
ized in that the apparatus has monitoring means and/or alarm
means which are designed to monitor the body temperature
or a value correlated therewith or its difference with respect
to a reference value and/or its change speed, with provision
preferably being made that an alarm is output on an exceed-
ing or falling below of a limit value or limit value range of
one of the aforesaid values.

13. An apparatus in accordance with claim 8, character-
ized in that the apparatus is configured to determine the body
temperature from a calculated or known value for T, in
accordance with the relationship

Tk srper=T Umgebung™ (T Ty Umgebung)exp(al’/ 0p) (@]

where . is the thermal conductivity per length unit of the
hose piece of the extracorporeal circuit between the
arterial vessel port and the heat exchanger and L is the
length of this hose piece.

14. An apparatus in accordance with claim 8, character-
ized in that the apparatus has a regulation unit which is
configured to regulate the body temperature of the patient or
a temperature correlated therewith to a desired value or into
a desired value range, wherein the regulation unit has an
input for the calculated temperature as an actual value and
is configured to compare it to a desired value or desired
value range, and wherein the regulation unit is connected to
an adjustment unit, in particular to a temperature control
unit, which is configured to change the temperature of the
dialyzate serving as an adjustment value if the actual value
does not correspond to the desired value or if it does not lie
in the desired value range.

15. A blood treatment device, in particular a dialysis
machine, characterized in that the blood treatment device is
formed with an apparatus in accordance with claim 8.

16. A blood treatment device, in particular a dialysis
machine, characterized in that the blood treatment device
has means for carrying out a method in accordance with
claim 1.
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