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CALIBRATION OF SENSORS OR tion and / or further sensors that can be of the named or other 
MEASURING SYSTEMS type . To the extent that the terms “ measuring sensor ” or 

simply “ sensor ” is referred to herein , this denotes the sensor 
for the actual measurement that is to be carried out over a 

Matter enclosed in heavy brackets [ ] appears in the 5 lengthy period , and not a reference sensor used only for the 
original patent but forms no part of this reissue specifica - calibration . 
tion ; matter printed in italics indicates the additions In some embodiments , the present invention comprises a 
made by reissue ; a claim printed with strikethrough method for adjusting a sensor , continuous sensor or auto 
indicates that the claim was canceled , disclaimed , or held matic measuring system in an interstitium including the 
invalid by a prior post - patent action or proceeding . 10 steps of adjusting the steepness of a measuring curve and a 

standard offset ( standard axis intercept ) prior to the use of 
CROSS - REFERENCE TO RELATED the sensor , continuous sensor or measuring system , and 

APPLICATIONS adapting the offset by a point calibration by using a reference 
value measured during the use . The present invention 

This application is a continuation of International Appli - 15 encompasses sensors , continuous sensors or automatic mea 
cation No . PCT / EP2004 / 013586 . filed on Nov . 30 . 2004 . suring systems calibrated or adjusted in accordance with the 
which claims priority to German Application No . 10 2004 method , and in some embodiments , the offset adjusted prior 
004 031 . 1 , filed on Jan . 27 , 2004 , the contents of which are to use is rectified according to the difference between a value 
incorporated in their entirety by reference . measured or determined by the sensor , continuous sensor or 

20 measuring system taking into account the standard steepness 
BACKGROUND and the reference value . 

In some embodiments , the present invention comprises a 
The invention relates to devices for delivering , dispens - method for adjusting sensors , continuous sensors or auto 

ing , injecting or administering substances , to devices for matic measuring systems in an interstitium consisting in 
sampling , measuring , testing , sensing or extracting sub - 25 adjusting the steepness of a measuring curve and a standard 
stances , and to methods of making , using , adjusting , setting offset ( standard axis intercept ) at a factory prior to the use 
or calibrating such devices . More particularly , it relates to thereof , in adapting the offset by a point calibration by 
setting or calibrating such devices , including to a calibration , means of a reference measure during the use . For this 
including a multiple one - point calibration , of an offset in purpose , the offset adjusted at the factory is rectified accord 
conjunction with a constant gradient of a sensor , in some 30 ing to the difference between a value determined by the 
embodiments , a subcutaneous sensor . One use or application sensor or the measuring system taking into account the 
of such sensors relates to glucose measurement with sensors standard steepness and the reference value . 
in the interstitium . In some preferred embodiments , a suitable sensor is the 

Generally , because of instabilities of enzymatic sensors , viscosimetric affinity sensor , used for determining the glu 
the gradient of the sensor is calibrated . In a two - point 35 cose concentration in a body fluid . The viscosimetric affinity 
calibration , both the gradient and offset are calibrated , while sensor for glucose has a linear dependency , stable in the long 
in a one - point calibration only the gradient is calibrated , the term , on the glucose concentration and virtually no drift 
offset being neglected ( Choleau et al . , Biosensors & Bio ( Beyer et al . , Diabetologia ( 2001 ) 44 , 416 - 423 ) . Further 
electronics 17 ( 2003 ) , 647 - 654 ) . more , it is temperature stable ( Beyer et al . , Biotechnol . Prog . 

40 2000 , 16 , 1119 - 1123 ) . The gradient of the output signal is 
SUMMARY determined by the glucose characteristic curve of the sen 

sitive liquid and the measuring geometry . The sensor 
It is an object of the present invention to simplify the response can already be adapted very precisely , by an 

calibration of a sensor or measuring system , and to provide external calibration by means of a glucose standard solution , 
a sensor and a measuring system comprising the sensor , 45 to the actual glucose concentration in physiological fluids , 
which sensor or sensor system can be easily calibrated and , the reliability of the sensor output or measuring system 
in some preferred embodiments , automatically calibrates output thereby being enhanced , and a subsequent fine cali 
itself . bration on the basis of , for example , blood glucose concen 

The present invention addresses the preceding object by trations being improved ( Beyer et al . , Biosensors & Bio 
using a sensor or measuring system with a stable gradient in 50 electronics 18 ( 2003 ) , 1391 - 1397 ) . The use of viscosimetric 
combination with a correction only of the offset of the sensor affinity sensors is not restricted to the determination of 
or measuring system by means of a one - point calibration . glucose concentration ; rather , such sensors have a wide 
The gradient is stable at least over the predetermined dura - spectrum of use , for which reference may be made , for 
tion of use , that is to say it can be regarded as invariable over example , to DE 195 01 159 A1 and to Beyer et al . , 
the duration of use for practical requirements . In some 55 Lebensmittel - & Biotechnologie 1996 / 4 , 143 - 146 . Preferred 
preferred embodiments , the gradient is constant over the viscosimetric affinity sensors and / or measuring systems and 
measuring range of the sensor , but can also fundamentally be methods based thereon are disclosed , for example , in DE 
a function that is variable in dependence on the value of a 100 10 539 A1 , which may be referred to in this regard . 
parameter to be measured , but nevertheless be sufficiently The offset for a sensor of fixed gradient can , for example , 
stable with reference to the duration of use and changes in 60 be automatically determined and corrected by comparing the 
the measuring conditions , for example temperature fluctua - mean for 24 hours or a number of days with the long - term 
tions . The stability of the gradient permits a simple calibra - value that is calculated from the values for the glycosylated 
tion only with reference to the offset . A sensor operated hemoglobin , that is to say Hb Al or Hb Alc . Such a 
exactly with reference both to the gradient and to the offset , person - specific calibration can already be sufficient for an 
or an exactly operating measuring system is obtained as a 65 in - vivo measurement of the glucose concentration with the 
result . The measuring system includes the sensor and further measuring sensor . Making use in a supplementary fashion or 
components , for example a reference sensor for the calibra even exclusively of a long - term reference value for the 
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sensor calibration is advantageous not only for the inventive However , it can also be a value of another variable , for 
correction of the offset , but basically also for other types of example a physical variable such as pressure from which , in 
calibration , for example a two - point calibration for correct this case , the parameter is first formed , either in the reference 
ing the gradient of less stable sensors and of the offset , or unit or by the data acquisition device for the measuring 
else a one - point calibration for correcting the gradient . 5 sensor . 

Instead of , or else in addition to the above - named cor In some preferred embodiments , the measuring sensor or 
rection on the basis of a long - term reference value , it is the measuring system including the measuring sensor is 
possible to carry out a reference measurement with a refer suitable for the self - administration of insulin or another drug ence unit that measures in the capillary blood , for example or preparation , such as a liquid product or substance . In such at the finger pulp or the forearm , or in the blood plasma . In 10 preferred uses , the in - vivo measurement can advantageously some preferred embodiments , the reference measurement in likewise be carried out by the person administering the the capillary blood is preferred . product to himself . In one development of the present In some preferred designs or embodiments of the present 
invention , the sensor or the measuring system is adapted by invention , the same person can also carry out the reference 
the calibration with reference to physiological circum - 15 measurement or , if appropriate , the several reference mea 
stances on which a subcutaneous measuring system is based surements himself . 
and that result from the compartment error , caused by the In some embodiments , the measuring system executes the 
reference measurement in the capillary blood or blood measurement continuously without interruptions to the mea 
plasma and the arrangement of the measuring sensor in the surement operation , or sequentially over time . During the 
subcutaneous tissue . The deviations between the various 20 measurement operation , the sensor periodically outputs , in 
compartments comprise a phase shift in the case of the rise some instances , at specific time intervals , a measuring 
in glucose in the blood by comparison with the tissue , and sensor value or a set of measuring sensor values respectively 
also a lesser amplitude in the tissue by comparison with the assigned to the same state , which value ( s ) is / are processed 
blood . Taking account of the time shift can greatly improve in a data acquisition device of the measuring system and 
the accuracy of the adaptation of a sensor system or mea - 25 is / are at least buffered . In the case of the measurement 
suring system . The calibration can either be performed such sequentially over time , the measurement periods can be 
that an operator or the measuring system calibrates inde - preset by the manufacturer or , for example , an attending 
pendently in an automatic fashion at one or more instants at doctor , or be set by the user himself . Also conceivable is 
which there is no strong dynamics in the glucose signal , or measurement at measurement periods that can be flexibly 
the trend is taken into account , specifically the first deriva - 30 determined , that is to say measurement respectively at the 
tive of the filtered glucose signal , which is used to take behest of the user . It can be advantageous to measure only 
account of the suitable time shift between the reference sequentially over time , for example to save energy , or , in the 
measurement and the sensor signal . This time shift depends case of a measuring system based on the conveyance of a 
on phase and has been described by Lönnroth in a model . In sensitive liquid , to keep the quantity of the liquid to be 
advantageous designs , the trend , which is calculated , in 35 conveyed slight . 
some preferred embodiments , continuously , by the measur - Although the use of only a single one - point calibration 
ing system or the reference unit automatically and during the already suffices to adapt the sensor or the measuring system 
measurement , is used to determine a favorable instant for the for a lengthy measuring period to the individual physiology 
calibration by virtue of the fact that a phase of low dynamics of a person , of an animal or , quite generally , to the influences 
is identified with the aid of the calculated trend values , and 40 specific to a particular measurement object , a multiple 
the calibration is carried out with the aid of a reference value one - point calibration is carried out , that is to say the sensor 
and a measured value from the corresponding time interval . or the measuring system is calibrated over the measuring 
For the automatic calculation of trends , a data acquisition period in accordance with the present invention , for example 
device of the measuring system has a memory in which the once per day , once for a number of days or , even several 
data used for calculating the trend values are stored , the data 45 times per day . Again , updating the calibration can be per 
being assigned the respective measuring time . The calcula formed by means of a reference unit by a person who 
tion of the trend is advantageous not only in connection with executes the measurement on himself . The relevant person 
the correction of the offset by the one - point calibration , but need only , as previously customary in diabetes therapy , for 
also generally in connection with other methods of calibra - example , perform on himself measurements that now , how 
tion and measuring systems operating in accordance there - 50 ever , serve as reference measurements for the calibration 
with . and expedient monitoring of the system . In some embodi 

The reference unit can be a component of the measuring ments , if the relevant reference unit is connected to the data 
system , or can be used , in a fashion detached from an acquisition device of the inventive system in a wired fashion 
individual measuring system , as a standard unit for a rela - or in a wireless fashion by radio , IR radiation or another 
tively large number of inventive measuring systems . In 55 transmission technique , the inventive calibration is per 
designs or embodiments in which the reference unit belongs formed automatically on the basis of the respective reference 
to the measuring system , it can correspond at least to the measurement such that no manual interventions are required 
type according to the measuring sensor . beyond those required to carry out the reference measure 

The reference value can simply be the value , obtained ment or , if appropriate , the confirmation that calibration is to 
from a single measurement , of a single reference unit . 60 be performed . 
However , it can advantageously also be formed as the mean In some preferred embodiments , the data acquisition 
of two reference values that are obtained by means of the device of the measuring system has an integrated display 
type according to different reference units , or from mea - device , for example an optical display , a speech output or an 
surements at different locatis , in chase the same arm , dipart submit to the user the current value 
person or , quite generally , on the same measurement object . 65 of the monitored parameter , advantageously its historical 
The reference value can directly be a value of the parameter profile , risk situations and , if appropriate , handling propos 
to be measured , for example the glucose concentration . als as well . 
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( 1 ) . 

Some preferred embodiments of the present invention tive fluidity F , is calculated , using the formula specified in 
may comprise direct or indirect transmission of reference FIG . 3 , from the two pressures P1 and P2 with the aid of a 
data of a reference unit to a monitor , to a monitor and a data constant a that is a linearization parameter dependent on the 
acquisition device associated with a measuring system , or sensitive liquid and the ratio of the resistances Rm and Rrefi 
only to a data acquisition device of a measuring system . In 5 Fr = ( P1 - P2 ) / ( P2 + a ( P1 - P2 ) ) any embodiment , transmission of data may be accomplished 
in a suitable manner , e . g . , in a wireless or wired fashion . For further details relating to the relative fluidity and the 

relationship to the glucose concentration , reference may be 
BRIEF DESCRIPTION OF THE DRAWINGS made to DE 100 10 539 A1 and , furthermore , to Beyer et al . , 

10 2000 and 2001 . As FIG . 3 shows , the glucose concentration 
FIG . 1 shows an exemplary measuring system , is yielded by means of linear regression as : 
FIG . 2 shows an exemplary dialysis probe , and 
FIG . 3 shows glucose concentration as a function of the [ Glucose ] = gain * F , + offset ( 2 ) . 

relative fluidity . " Gain ” denotes the slope or gradient with which the glucose 
15 concentration increases as a function of the relative fluidity 

DETAILED DESCRIPTION OF THE DRAWINGS 
The data acquisition device 4 is programmed and can , if 

FIG . 1 shows a measuring system having a dialysis probe appropriate , also be programmed individually by the user , 
2 that is introduced subcutaneously in body tissue T . A . and calculates the glucose concentration from the transmit 
sensitive liquid SL whose viscosity changes as free glucose 20 ted data pair P1 and P2 and the permanently stored linear 
is absorbed flows continuously through the probe . A hydrau - ization coefficient a , doing so at prescribed or selected time 
lic reference resistance Rrefis arranged upstream of a dialy - intervals , in some preferred embodiments , periodically , for 
sis chamber 7 of the dialysis probe 2 in the flow path of the example every six seconds . The calculated values of the 
sensitive liquid SL , and a hydraulic measuring resistance Rm glucose concentration are stored in a memory of the data 
is arranged downstream of the dialysis chamber 7 . A pres - 25 acquisition device 4 in accordance with the time profile . 
sure sensor for measuring a pressure P1 is arranged Furthermore , the data acquisition device 4 uses the stored 
upstream of the reference resistance Rrets and a further values of the glucose concentration to calculate the trend , 
pressure sensor for measuring a pressure P2 is arranged that is to say the speed at which the glucose concentration 
downstream of the reference resistance Reef and still varies , specifically from values of the glucose concentration 
upstream of the dialysis chamber 7 . The two pressures P1 30 that had been determined in an interval of a few minutes , for 
and P2 are measured as differential pressures relative to the example three minutes . In terms of software , the data 
ambient pressure . The sensors are therefore differential - acquisition device 4 has a subroutine for calculating the first 
pressure sensors . Furthermore , the measuring system com derivative of the glucose concentration [ glucose ] with 
prises a data acquisition device 4 and a monitor 5 that is respect to the measuring time t . The data acquisition device 
connected in a wireless fashion , for example by infrared 35 4 compares the trend function d [ glucosel ( t ) / dt , specifically 
radiation or by radio , to the data acquisition device 4 . The their numerical approximation , with a comparison value . If 
monitor 5 can be , for example , the monitor of a PC or of an the calculated trend value undershoots the comparison value 
infusion unit such as are known as units that can be worn on in absolute magnitude , the data acquisition device 4 deduces 
the body , for example those from diabetes therapy . Instead a low level dynamics of the glucose concentration , and thus 
of this , or in addition , such a monitor can also be an 40 a favorable point in time for calibrating the measuring 
integrated constituent of the measuring system , that is to say system . If a favorable point in time is identified , the data 
be integrated in a housing that accommodates the data acquisition device 4 alerts the user to this so that he executes 
acquisition device 4 and , if appropriate , also further com a reference measurement , e . g . , in the capillary blood , with 
ponents of the measuring system , for example a pump 1 the aid of a reference unit . The reference value determined 
and / or a disposal container 3 . 45 from the reference measurement by the reference unit is 

FIG . 2 shows the dialysis probe 2 in an enlarged fashion . automatically sent by the reference unit and received by the 
An inlet tube for the sensitive liquid is marked with the data acquisition device 4 which , thereupon , automatically 
reference numeral 6 , and an outlet tube is marked with the executes a calibration by correcting the offset with the aid of 
reference numeral 8 . Between the inlet tube 6 and the outlet a one - point calibration . Mathematically , during the calibra 
tube 8 , the sensitive liquid flows through a dialysis fiber or 50 tion only the value of the offset is varied , that is to say the 
a dialysis fiber bundle that forms or helps to form the regression line is displaced in parallel such that the differ 
dialysis chamber 7 , and serves to hold the glucose . The ence between the value of the glucose concentration deter 
measuring resistance R , is arranged in the outlet tube 8 . mined from the measurement , and the value of the glucose 

For the purpose of glucose measurement , the sensitive concentration determined from the reference measurement 
liquid SL is conveyed by the pump 1 via the reference 55 is reduced and / or , in some preferred embodiments , made to 
resistance Rref to the dialysis probe 2 , flows through the vanish . If the reference unit already calculates the glucose 
dialysis chamber or dialysis fiber thereof and , subsequently , concentration of the reference measurement from the 
the measuring resistance Rm before the liquid enriched with recorded reference variable and transmits it as reference 
glucose in the dialysis chamber 7 reaches the disposal value , the data acquisition device 4 can immediately per 
container 3 . The sensitive liquid flows continuously . By 60 form the comparison of reference value and characteristic 
means of the pressure sensors , the two differential pressures value , that is to say the glucose concentration calculated in 
P1 and P2 are continuously measured and transmitted to the accordance with formulas ( 1 ) and ( 2 ) , and perform the 
data acquisition device 4 by wire or in a wireless fashion . calibration directly thereupon . However , if the reference unit 
The data acquisition device 4 calculates the glucose con - transmits the value of the recorded reference variable only 
centration therefrom . 65 directly , the data acquisition device 4 is advantageously 

FIG . 3 shows the relationship between the so - called equipped , and / or appropriately programmed , with the ability 
relative fluidity F , and the glucose concentration . The rela - to calculate the glucose concentration of the reference 
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measurement from the reference value . If a number of 3 . The measuring system as claimed in claim 1 , wherein 
reference measurements are carried out to increase the the measuring sensor comprises a probe that can be placed 
reliability of the calibration , if appropriate with the aid of in a body and a conveyor device by which a liquid can be 
different reference units , the data acquisition device 4 advan - conveyed through , only into or only out of the probe . 
tageously also has the ability to form the mean via the 5 4 . The measuring system as claimed in claim 1 , wherein 
reference values , of which there are then several , and to the measuring sensor comprises a flow resistance zone 
carry out calibration on the basis of the mean . [ ( Ref ) ] ( Rred ) and the measured variable recorded by the 

The measuring system can be fitted with an input device measuring sensor is a pressure of a fluid flowing through the 
12 , for example a keyboard or voice data entry or a touch flow resistance zone . 
screen , to input reference value ( s ) manually . Such an input 10 5 . The measuring system according to claim 4 , wherein 
device can also be used to input a value for the glycosylated the flow resistance zone comprises a flow resistance capil 
hemoglobin . In some preferred embodiments , to correct the lary . 
offset on the basis of such a long - term value , the data 6 . The measuring system as claimed in claim 4 , wherein 
acquisition device 4 has the programmed ability to average a pressure is measured at an upstream inlet and a down 
the values of the glucose concentration , determined from the 15 stream outlet of the flow resistance zone ( Red ) , and the 
measurement , over a day or else several days , and to pressure values are transmitted to the data acquisition 
compare the glucose concentration mean over one or several device . 
days with the long - term value . 7 . The measuring system as claimed in claim 1 , wherein 

Embodiments of the present invention , including pre - the measuring sensor comprises a dialysis chamber through 
ferred embodiments , have been presented for the purpose of 20 which a sensitive liquid can flow , a flow resistance zone 
illustration and description . They are not intended to be arranged upstream of the dialysis chamber , a flow resistance 
exhaustive or to limit the invention to the precise forms and zone arranged downstream of the dialysis chamber , a pres 
steps disclosed . Obvious modifications or variations are sure transmitter upstream of one of the flow resistance 
possible in light of the above teachings . The embodiments zones , and a pressure transmitter downstream of that one of 
were chosen and described to provide the best illustration of 25 the flow resistance zones , one of the pressure transmitters 
the principles of the invention and the practical application being arranged between the flow resistance zones , wherein 
thereof , and to enable one of ordinary skill in the art to pressure values recorded by the pressure transmitters are 
utilize the invention in various embodiments and with transmitted to the data acquisition device . 
various modifications as are suited to the particular use 8 . The measuring system as claimed in claim 7 , wherein 
contemplated . All such modifications and variations are 30 the data acquisition device calculates from the pressure 
within the scope of the invention as determined by the values a relative fluidity F , using 
appended claims when interpreted in accordance with the 
breadth they are fairly , legally , and equitably entitled . Fr = ( P1 - P2 ) / ( P2 + a ( P [ 1 ] 2 - P2 ) ) , 

The invention claimed is : P1 being the pressure value of the upstream pressure 
1 . A measuring system for determining a value of a 35 transmitter , P2 being the pressure value of the down 

glucose concentration , the measuring system comprising : stream pressure transmitter and [ a ] a being a linear 
a . a measuring sensor ( 2 , Ry , Rref ) , having a known ization coefficient . 

gradient and a known offset , for recording a measured 9 . The measuring system as claimed in claim 8 , the data 
value in vivo in a temporally sequential or continuous acquisition device calculates a concentration of a substance 
fashion , and outputting measuring sensor values ( P1 , 40 in a fluid from the relative fluidity F , by using the formula 
P2 ) , the measured values of the measured variable or 
formed from the measured values , and [ KONZ ] = gain * F , + offset . 

b . a data acquisition device that receives the measuring 10 . The measuring system as claimed in claim 9 , wherein 
sensor values and at least one reference value and the data acquisition device calculates a trend using measur 
forms characteristic values of the glucose concentration 45 ing sensor values , and determines an instant for the calibra 
from the measuring sensor values , wherein the mea - tion from the calculated trend . 
suring sensor is a glycose sensor and the at least one 11 . The measuring system as claimed in claim 1 , wherein 
reference value is a long - term glycose value , and the data acquisition unit comprises a data memory for a 
wherein the data acquisition device creates a long - term number of the measuring sensor values , and a clock to assign 
glucose value from the at least one reference value and 50 the measuring sensor values the respective instant of their 
calculates a daily mean or a multiple daily mean of the recording . 
glucose concentration from the measuring sensor val 12 . The measuring system as claimed in claim 1 further 
ues , and the offset is corrected in accordance with the comprising a reference unit for recording the measured 
result of the comparison of the daily mean or multiple variable or another measured variable , and for outputting the 
daily mean with the long - term glucose value to mini - 55 at least one reference value determined from the measured 
mize the difference between the daily mean or multiple variable or the other measured variable . 
daily mean and the long - term glucose value ; and 13 . The measuring system as claimed in claim 12 , wherein 
wherein the reference unit automatically transmits the at least one 

c . for the purpose of an automatic self - calibration of the reference value to the data acquisition device in a wireless 
measuring system , the data acquisition device com - 60 fashion or by wire per data transmission . 
pares the at least one reference value or a value 14 . A measuring system for determining a value of a 
calculated therefrom with the characteristic value from glucose concentration , the measuring system comprising : 
the corresponding time interval , and the offset of the a . a measuring sensor ( 2 , Rm . Rret ) , having a known 
measuring sensor is adjusted in accordance with the gradient and a known offset , for recording a measured 
result of the comparison by a one - point calibration . 65 value in vivo in a temporally sequential or continuous 

2 . The measuring system as claimed in claim 1 , wherein fashion , and outputting measuring sensor values ( P1 , 
the measuring sensor comprises a dialysis probe . P2 ) , the measured values of the measured variable or 
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formed from the measured values , wherein the mea 
suring sensor is a viscosimetric affinity sensor , and 

b . a data acquisition device that receives the measuring 
sensor values and at least one reference value and 
forms characteristic values of the glucose concentration 5 
from the measuring sensor values , wherein the mea 
suring sensor is a glycose sensor and the at least one 
reference value is a long - term glycose value , and 
wherein the data acquisition device creates a long - term 
glucose value from the at least one reference value and 10 
calculates a daily mean or a multiple daily mean of the 
glucose concentration from the measuring sensor val 
ues , and the offset is corrected in accordance with the 
result of the comparison of the daily mean or multiple 
daily mean with the long - term glucose value to mini - 15 
mize the difference between the daily mean or multiple 
daily mean and the long - term glucose value ; and 
wherein 

c . for the purpose of an automatic self - calibration of the 
measuring system , the data acquisition device com - 20 
pares one of the characteristic values with the at least 
one reference value or a value calculated therefrom 
with the characteristic value from the corresponding 
time interval , and the offset of the measuring sensor is 
adjusted in accordance with the result of the compari - 25 
son by a one - point calibration . 


