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EP 1 628 569 B1
Description

[0001] The present invention relates generally to the field of implantable optical sensors and more specifically to
providing accurate optical sensing of blood oxygen saturation in the presence of tissue overgrowth on the optical sensor.
[0002] Implantable medical devices (IMDs) for monitoring a physiological condition or delivering a therapy typically
rely on one or more sensors positioned in a patient’s blood vessel, heart chamber, or other portion of the body. Examples
of IMDS include heart monitors, pacemakers, implantable cardioverter-defibrillators (ICDs), myostimulators, nerve stim-
ulators, drug delivery devices, and other IMDs where such sensors are desirable. Implantable sensors used in conjunction
with an IMD generally provide a signal related to a physiological condition from which a patient condition or the need for
a therapy can be assessed.

[0003] Measurement of blood oxygen saturation levels are of interest in determining the metabolic state of the patient.
Generally, a decrease in blood oxygen saturation is associated with an increase in physical activity or may reflect
insufficient cardiac output or respiratory activity. Thus monitoring blood oxygen saturation allows an implantable medical
device to respond to a decrease in oxygen saturation, for example by pacing the heart at a higher rate. An implantable
oxygen sensor for use with an implantable medical device is generally disclosed in commonly assigned U.S. Pat. No.
6,198,952 issued to Miesel. Cardiac pacemakers that respond to changes in blood oxygen saturation as measured by
an optical sensor are generally disclosed in U.S. Pat. No. 4,202,339 issued to Wirtzfeld and in U.S. Pat. No. 4,467,807
issued to Bomzin.

[0004] One limitation encountered with the use of implantable optical sensors can arise as the result of tissue encap-
sulation of the sensor that occurs as a result of the body’s normal response to a foreign object. If an optical blood oxygen
sensor is positioned in an area of relatively high blood flow, tissue encapsulation of the sensor may not occur or may at
least be minimized to a thin collagenous sheath. If a blood oxygen sensor resides in an area of relatively low blood flow
or a stagnant area, tissue encapsulation is likely to occur and the capsule may become relatively thick. Such tissue
overgrowth interferes with the performance of the sensor in accurately measuring blood oxygen or other metabolites by
reducing the (light) signal to noise ratio. For example, the light signal associated with blood oxygen saturation is reduced
due to attenuation of emitted light from the optical sensor that reaches the blood volume and attenuation of the reflected
light from the blood volume reaching a light detector included in the optical sensor. Noise due to extraneous light reaching
the light detector is increased by the scattering of emitted light by the tissue overgrowth.

[0005] The time course and degree of tissue encapsulation of an optical sensor, or any other medical device implanted
within the blood volume, is uncertain. Thrombus formation in the vicinity of the sensor due to blood stasis or endothelial
injury can occur at unpredictable times after device implant. If the thrombus is in contact with the endocardium or
endothelium, macrophages can invade the clot, phagocytose the blood cells and orchestrate collagenous encapsulation
by fibroblasts. Because the time course and occurrence of these events is unpredictable, the reliability of blood oxygen
saturation measurements at any point in time may be uncertain.

[0006] One approach to solving the problem of tissue overgrowth is generally disclosed in U.S. Pat. No. 6,125,290
issued to Miesel.

[0007] A self-test light detector is provided for estimating the amount of light reflected back into a light emitter portion
instead of being transmitted through a lens for reflection from a blood volume. An output signal from self-test light detector
may be employed to calibrate or adjust the output signal provided by a light detector in a manner that the estimate of
blood oxygen saturation is compensated or adjusted to account for the degree or amount of tissue overgrowth of the
sensor. WO 00/25860 also discloses an optical sensor for accurately estimating blood oxygen saturation.

[0008] A need remains, however, for a method for adjusting a blood oxygen saturation (or other metabolite) meas-
urement to account for extra light intensity associated with light scattering tissue or thrombus over the oxygen sensor,
and the like. The method preferably provides accurate blood oxygen saturation measurement independent of the pres-
ence of tissue overgrowth. The invention provides a system as defined in claim 1.

[0009] Inanexemplary embodiment, the implantable optical sensor system is provided for accurately estimating blood
oxygen saturation independent of the presence of tissue encapsulation of the optical sensor. According to the present
invention, dual wavelength radiation is used to beneficially provide a first wavelength signal substantially independent
of the presence of a metabolite and a second wavelength signal is substantially dependent upon the presence of said
metabolite.

[0010] Thus, in the exemplary embodiment, a two wavelength optical sensor is employed wherein the amount of
rejected light from one wavelength, typically red, is dependent on oxygen saturation, and the second wavelength, typically
infrared light, is independent of oxygen saturation. A time interval is measured for each light wavelength as the current
induced on a sensor (e.g., a photodetector) in response to the intensity of the reflected light integrated over a capacitor
included in the photodetector. The time interval measured for the red light signal is normalized by the time interval
measured for the infrared light signal to account for differences in hematocrit and blood flow velocity.

[0011] The method includes calculating a corrected time interval measured for the red light signal and a corrected
time interval measured for the infrared light signal to account for the presence of tissue overgrowth. A tissue overgrowth
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correction factor is used in calculating a corrected red light time interval which accounts for: 1) the optical properties of
the tissue that cause scattering of the emitted light to a light detector determined experimentally, and 2) the relative
amplitudes of the emitted light wavelengths from the optical sensor (e.g., as determined at the time of device manufacture).
A corrected time interval measured for infrared light is determined based on the nominal infrared signal returned from
an inspected volume of blood in the absence of tissue overgrowth (e.g., as determined at the time of device manufacture).
A corrected time interval measured for red light is determined by subtracting the amount of red light signal attributed to
the presence of tissue overgrowth from the total red light signal. The amount of red light signal attributed to the presence
of tissue overgrowth is calculated by multiplying the total infrared signal (less the nominal infrared signal) by the tissue
correction factor. Oxygen saturation is estimated based on standard calibration factors and the ratio of the corrected
infrared time interval and the corrected red time interval.

Figure 1 is an enlarged view of an exemplary oxygen sensor assembly that may be included in an implantable
medical lead and with which the present invention may be usefully practiced.

Figure 2 is a sectional view of the oxygen sensor assembly of Figure 1.

Figure 3 shows a block diagram of an implantable medical device system including an implantable medical device
(IMD) and medical electrical lead 8 having an optical sensor assembly for use in sensing blood oxygen saturation.
Figure 4A is a flow chart summarizing steps included in a method for accurately estimating blood oxygen saturation
using an implantable optical sensor independent of tissue overgrowth on the sensor.

Figure 4B is a flow chart summarizing steps included in an alternative method for accurately estimating blood oxygen
saturation using an implantable optical sensor independent of tissue overgrowth on the sensor.

Figure 5 is a graph of oxygen saturation measurements made from a chronically implanted oxygen sensor having
tissue overgrowth based on prior art methods and based on the tissue overgrowth correction method provided by
the present invention plotted in comparison to a reference oxygen saturation measurement.

[0012] The presentinventionis directed ataccurately measuring changes in blood oxygen saturation using a chronically
implantable optical sensor. In particular, the present invention provides for compensating for extra light intensity detected
by the optical sensor due to light scattering matter, typically collagenous tissue or thrombus, which may be present over
the sensor. The present invention employs a two-wavelength system and performs a correction method that allows the
extra light intensity due to light scattering tissue over the sensor to be compensated for in calculating oxygen saturation.
[0013] Two-wavelength optical sensing systems are known for use in the field of blood oximetry. See for example,
U.S. Pat. No. 3,847,483 issued to Shaw et al. In a two-wavelength system, the reflected light signal of one wavelength
that changes in intensity with blood oxygen saturation is normalized by a second wavelength of which the reflected
intensity is independent of blood oxygen saturation but dependent on other physiological changes in the measured blood
volume, such as blood flow velocity and hematocrit concentration. The presentinvention provides an additional correction
method to account for additional light signal detected due to tissue overgrowth,

[0014] The intensity of both wavelengths in a two-wavelength system will be changed in the presence of light scattering
matter over the sensor. The presence of light scattering matter over the sensor is expected to affect the intensity of both
wavelengths used in sensing oxygen. Hence, as will come to be understood in the description herein, the extra intensity
of detected light due to the presence of light scattering matter proximate the sensor can be determined based on the
intensity of the wavelength that is not affected by changes in blood oxygen saturation.

Figure 1 is an enlarged view of an exemplary oxygen sensor assembly 10 that may be included in a medical lead
and with which the present invention may be usefully practiced. An elongated sensor housing 12 is provided for
housing oxygen sensor components. Lenses 14 and 16 are provided for passing emitted and reflected light from a
light emitter and to a light detector, respectively, both of which reside within housing 12. Although a single lens may
be used in lieu of two lenses. Lead body 7 is provided for carrying insulated conductors from the circuitry included
in sensor assembly 10 to a connector assembly (not shown) located at a proximal end of the medical lead used for
mechanically and electrically connecting the lead to an implantable medical device. A lead carrying oxygen sensor
assembly 10 may additionally include other types of sensors and/or electrodes according to the intended use of the
lead.

Figure 2 is a sectional view of oxygen sensor assembly 10 of Figure 1. Light emitters 20 and 22 are mounted on an
oxygen sensor hybrid 30 in a light emitting portion 19 of oxygen sensor 10. Each light emitter 20 and 22 emits a
different wavelength. Typically one of emitters 20 and 22 emits red light and the other of emitters 20 and 22 emits
infrared light. Emitted light passes through lens 14 and must also pass through any tissue overgrowth 40 that is
present on all or a portion of lens 14 before it enters blood volume 50. An optional self-test light detector 32 is shown
in the light emitter portion 19 of oxygen sensor assembly 10. In one embodiment of the present invention, self-test
light detector 32 is included for detecting the presence of tissue overgrowth as disclosed in the above-cited ‘290
patent issued to Miesel.
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[0015] Light that is reflected from the blood volume 50 must pass through any tissue overgrowth 40 present over all
or a portion of lens 16 before it reaches light detector 18. Light detector 18 is mounted on oxygen sensor hybrid 30 in a
light detector portion 17 of oxygen sensor 10. Time intervals that are inversely proportional to the intensity of the received
light signals associated with each of the two measured wavelengths, red and infrared, are measured as an electrical
current induced in light detector 18 (which is preferably integrated over a capacitor included in the light detector 18).
The presence of tissue overgrowth 40 generally reduces the light signal to noise ratio, as described previously, by both
attenuating the reflected light signal associated with blood oxygen saturation and increasing noise due to extraneous
light scattered by tissue overgrowth 40 reaching detector 18. The present invention addresses the latter problem of
increased extraneous light received by detector 18, resulting in shortened time intervals, by correcting the measured
time intervals for the amount of light signal attributed to noise. Figure 3 shows a block diagram of an implantable medical
device system including an implantable medical device (IMD) 11 and medical electrical lead 8 having an optical sensor
assembly 10, for use in sensing blood oxygen saturation. Optical sensor 10 is typically mechanically and electrically
coupled to the distal ends of lead conductors disposed within the body 7 of lead 8. Connector elements disposed at the
proximal end of lead 8 are connected to the proximal ends of lead conductors and provide connection to sensor drive
circuit 80 and sensor processor circuit 82 via a connector block 86. Sensor drive circuit 80 provides the operational
power for optical sensor 10 and controls the timing of optical sensor operation. Sensor process circuit 82 receives optical
sensor signal output and processes the signal output to estimate a measurement of blood oxygen saturation. In accord-
ance with the present invention, the methods used by sensor process circuit 82 for estimating blood oxygen saturation
includes calculations made to correct for the presence of tissue overgrowth covering a portion of or all of the lenses
14,16 of optical sensor 10.

[0016] When IMD 11 includes cardiac pacing capabilities, lead 8 may additionally include pacing, sensing and/or
defibrillation electrodes generally disposed at the distal end of lead 8 in operative relation to one or more heart chambers.
Alternatively, additional pacing and sensing leads are included in the IMD system. Cardiac pacing and sensing control
circuitry, a clock, and a battery for powering IMD operations are included in IMD circuits 84. Detailed descriptions of
such circuitry included in an implantable medical device and its operation are provided in the above-mentioned '952
patent to Miesel.

[0017] Preferably, the reflection of red light (wavelength ~660 nm) and the reflection of infrared light (wavelength ~880
nin) are used for measuring blood oxygen saturation. The absorption of red light is a function of oxygen saturation and
therefore the intensity of the reflected red light signal received by a light detector is inversely proportional to oxygen
saturation. The absorption of infrared light is a function of non-oxygenated hemoglobin and hematocrit concentration.
The ratio of the red light intensity to the infrared light intensity of the reflected light is used to normalize a measured light
signal for changes in hematocrit and blood flow velocity. Prior art oxygen sensors therefore determine the blood oxygen
saturation (SAO,) according to the inverse relation to the reflected red light intensity normalized by the reflected infrared
light intensity as shown by Equation (1):

(1) SAO; = A + B(1/(R/IR))

wherein A and B are calibration constants defined by the intercept and slope of a calibration curve, respectively; IR is
the intensity of reflected infrared light, and R is the intensity of reflected red light.

[0018] An alternative and commonly used form of Equation (1) takes the logarithm of the term including the ratio of
the red to infrared light signal in order to linearize the function as shown in Equation (1°):

(1) SAO;=A + B log(1/(R/IR)).

[0019] For the sake of simplicity, the methods described herein will be elaborated on with regard to Equation (1), but
substitutions to be described in detail below to be made in Equation (1) for correcting for the presence of tissue overgrowth
may be equivalently made in Equation (1°).
[0020] Equation (1) may be re-written as:

(2) SAO=A+BURR).

[0021] In accordance with the present invention, the terms R and IR in Equations (1) and (2) are corrected to account
forincreased light signal due to tissue overgrowth by subtracting the amount of red light and infrared light signal attributed
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to tissue overgrowth.

[0022] In correcting for the presence of tissue overgrowth, an assumption is made that the optical properties of the
tissue overgrowth will affect both red and infrared light wavelengths and that the amount of red light reflected by tissue
overgrowth will be proportional to the amount of infrared light reflected by tissue overgrowth. Another assumption made
is that tissue overgrowth on the optical sensor has the same effect on sensor measurements as a shortened "dark
interval." Herein, the term "dark interval" refers to the time interval measured from a photodetector in the absence of
any true light signal reflected from the blood. The dark interval therefore is the time interval measured due to stray current
or extraneous light reaching the photodector such as light leakage from the emitter to the detector portion of the oxygen
sensor. Hence, the presence of tissue overgrowth will increase extraneous light reaching the photodetector, causing a
shortened dark interval. Another underlying assumption is that enough light is passed through the tissue to be reflected
by the passing blood volume.

[0023] Based onthe above assumptions, the "dark interval” measured in the presence of tissue overgrowth will include
an infrared signal component and a red signal component. The infrared time interval contributing to the dark interval,
T\rdark: 1S given by Equation (3):

(3) TIRdnrk = I/UR _IRnominal)’

wherein IR is the total infrared light signal received from all sources and IR o inal iS the expected infrared light signal to
be reflected from a blood pool when no tissue overgrowth is present.

[0024] The terms representing the IR and IR,;mina light signals in Equation 3 can be replaced by the inverse of the
time interval measured for each light signal. Hence, Equation (3) can be rewritten as:

(4) Tirdark = V((1/Tir) = (1/Tirpom)

wherein Ty is the time interval measured from the photodetector due to the total infrared light signal and Tz, is the
time interval measured from the photodetector due to the expected infrared light signal reflected from a blood pool in
the absence of any tissue overgrowth.

[0025] As stated above, an assumption is made that the optical properties of the tissue cause red light to be reflected
proportionally to infrared light. The time interval contribution to the dark interval from red light reflected from the tissue
overgrowth, Tryark, €an therefore be expressed as:

(5) Trdark = K(Tirdark),

wherein K is a correction factor that takes into account: 1) the ratio of red to infrared light intensities reflected from tissue
overgrowth when red and infrared light sources emit equal intensities of red and infrared light, and 2) a scaling factor
that represents the relative amplitudes of red and infrared light output power from the light emitters of the oxygen sensor.
T\Rdark 1S given by Equation (4) above.

[0026] A corrected red time interval, Trorected: fOr €Stimating oxygen saturation can be obtained from the inverse of
the total red light signal received, R, less the red light signal attributed to the tissue overgrowth, R4

(6) Tl(cun’cclcd = l/(R - Rdark)-

[0027] The terms R and Ry, in Equation 6 may be substituted for by the inverse of the corresponding time intervals
measured by the photodetector:

(7) TR:on’eclcd = 1/((1/TR) - (I/TRdurk))a

wherein Ty is the time interval measured due to the total amount of reflected red light at the photodetector and Ty
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is given by Equation (5) above.
[0028] The corrected infrared time interval, Treorrecteds IS SiMply equal to the time interval measured for infrared light
reflected from a volume of blood in the absence of any tissue overgrowth:

(8) Tchonccled = Tanom
[0029] Thus, in accordance with the present invention, Equation (2) above can be rewritten as:

(9) SAO;=A + B(IRcorrccled/Rcorrccled),,

which can be rewritten in terms of measured time intervals as:

(10) SAOZ =A-+ B(TRcorreclcd/ Tchorreclcd)

[0030] Byusing Equations4,5,7,and 8, to substitute for Tr¢orected @Nd Tircorrected> @8N after mathematical simplification
and reduction, Equation 10 can be equivalently rewritten as Equation 11 below in terms that are either measured or
known quantities:

(11) SAO; = A + B{(K*Trp*Tirnom)/ ((K*TIR*Tanom) = (Tr(TiRnom = Tir)))} -

[0031] Asindicated previously, constants A and B are standard calibration constants; K is determined by experimentally
measuring the ratio of red to infrared light reflected by tissue overgrowth upon exposure to equal intensities of emitted
red and infrared light for a given sensor geometry and by knowing the relative output of the red and infrared light emitters
of the oxygen sensor at the time of manufacture; T\r,ominal IS determined experimentally by measuring the infrared time
interval due to infrared light reflected from a volume of blood in the absence of any tissue overgrowth; and Tg and T\g
are the time intervals measured from the photodetector associated with the intensity of red and infrared light reflected
into the detector portion of the oxygen sensor during oxygen sensing operations.

[0032] Figure 4A is a flow chart summarizing steps included in a method for accurately estimating blood oxygen
saturation using an implantable optical sensor independent of tissue overgrowth on the sensor. Method 100 introduces
the use of two new constants, K and T\g,om, as defined above, in an equation for calculating oxygen saturation from
optical sensor measurements. At step 105, the value for the tissue overgrowth correction factor, K, is obtained by
experimentally quantifying the ratio of equally applied intensities of red light to infrared light reflected from tissue over-
growth for a given sensor geometry and multiplying this ratio by a scaling factor that represents the relative amplitudes
of red and infrared light output power from the light emitters of the oxygen sensor as determined at the time of manufacture
of the sensor. The ratio of reflected red to infrared light represents the light scattering and reflecting properties of tissue
encapsulating a chronically implanted oxygen sensor. The scaling factor is known at the time of sensor manufacture.
[0033] At step 107, T\rpom is determined. T\g,om iS also determined at the time of sensor manufacture and can be
determined by measuring the reflected infrared light from a sample of material with known scattering and reflecting
properties of IR light. T\gr,om represents the return infrared light from a volume of blood at any known level of oxygen
saturation.

[0034] At step 110 the calibration constants A and B are determined as the slope and offset of an oxygen saturation
curve. These constants are also determined at the time of device manufacture, based upon experimental data to determine
the response of a given sensor geometry, and the red and infrared output power of the emitters for an individual sensor.
The determination and use of these calibration constants is known in the prior art.

[0035] Steps 105 through 110 are performed experimentally or at the time of sensor manufacture such that the con-
stants, K, T\rnom» A and B, may be programmed into firmware or software used by an implanted medical device in
calculating oxygen saturation using signals received from the optical sensor. At step 112, the optical sensor is deployed
with an associated IMD system by implanting the sensor at a desired location in the blood volume of a patient. Step 115
represents the normal operation of the optical sensor in which the intensities of red and infrared reflected light received
at the light detector portion of the oxygen sensor are measured. At step 120, oxygen saturation is calculated according
to Equation 11 above, based on the tissue overgrowth correction methodology provided by the present invention.
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[0036] Figure 4B is a flow chart summarizing steps included in an alternative method for accurately estimating blood
oxygen saturation using an implantable optical sensor independent of tissue overgrowth on the sensor. Identically labeled
steps included in method 150 correspond to the same steps included in method 100, described above. However, method
150 includes a decision step 117 for determining if tissue overgrowth is present. Tissue overgrowth may be detected by
the use of a self-test light detector in the emitter portion of the oxygen sensor, as generally disclosed in the above-cited
’290 patent to Miesel. When tissue overgrowth is detected, Equation 11 is used by sensor processing circuitry of the
implantable medical device for calculating oxygen saturation corrected for the presence of tissue overgrowth at step
120. If tissue overgrowth is not detected at decision step 117, Equation 2 may be used by sensor processing circuitry
for calculating oxygen saturation without correcting for the presence of tissue overgrowth at step 122.

[0037] Figure 5is agraph of experimental oxygen saturation measurements made from a chronically implanted oxygen
sensor having tissue overgrowth based on prior art methods and based on the tissue overgrowth correction method
provided by the present invention plotted compared to a reference oxygen saturation measurement. The graph is ex-
emplary of the operation of an oxygen sensor with and without the tissue overgrowth correction method. The graph
shows the results of oxygen saturation measurements obtained from a chronically implanted oxygen sensor and an
acutely implanted reference oxygen saturation sensor during an oxygen desaturation experiment. Oxygen desaturation
was accomplished in a sedated canine by temporarily introducing helium into the respirator, causing reduction in the
uptake of oxygen.

[0038] Reference oxygen sensor measurements (square symbols) show a decrease in oxygen saturation followed by
a return to normal oxygen saturation levels after respirator oxygen levels had been restored. The chronically implanted
oxygen sensor in this canine has been overgrown with fibrin, causing a lack of response in the oxygen values determined
without correcting for tissue overgrowth (triangle symbol) compared to the reference oxygen sensor measurements.
[0039] The tissue overgrowth correction in this example was determined using red and infrared time intervals recorded
at the time of implant, rather than at the time of manufacture, since tissue response had not been determined for the
sensor before manufacture. The correction was performed using time intervals extracted from the oxygen saturation
and the measured infrared time intervals, since the red time intervals were not recorded as part of the original study.
This causes a decrease in resolution in the corrected oxygen saturation measurement that would not be present in a
system that either compensates the signals before recording, or with a system that records the red time interval along
with the IR time interval as described above.

[0040] However, it can be seen from the graph of Figure 5 that the response of the corrected oxygen saturation
measurements made from the chronically implanted, tissue overgrown sensor (circle symbols), responds to the desat-
uration event similarly to the reference oxygen sensor measurements, while the uncorrected oxygen saturation meas-
urements show an attenuated response to the desaturation event.

[0041] Thus, asystemis provided for accurately estimating blood oxygen saturation from optical sensor measurements
independent of the presence of encapsulating tissue over all or a portion of the optical sensor. The present invention
has been described with regard to an optical oxygen sensor application. However, itis contemplated that tissue overgrowth
correction methodologies provided by the present invention may be applied in the use of other types of implantable
optical sensors employing a two-wavelength system, such as glucose sensors. Depending on the wavelengths employed,
the tissue overgrowth correction factor, K, may not be a constant if the optical properties of the tissue overgrowth affect
the normalizing wavelength differently than the targeted measurement wavelength. Therefore, while the presentinvention
has been described according to specific embodiments presented herein, aspects of the present invention may be
applied in alternative embodiments including implantable, two-wavelength optical sensor systems. As such the disclosed
embodiments are intended to be exemplary, not limiting, with regard to the following claims.

Claims

1. A system for accurately estimating a saturation metric for a metabolite of interest in a volume of fluid by optical
sensor measurement independent of the presence of encapsulating tissue over all or a portion of a lens of the optical
sensor, comprising:

the optical sensor, wherein the optical sensor is a dual wavelength optical sensor (10) arranged to be placed,
in use in the volume of fluid containing an amount of the metabolite; wherein the intensity of light of a first
wavelength of optical radiation reflected from the volume of fluid is substantially inversely proportional to an
amount of the metabolite of interest present in the volume of fluid and the intensity of light of a second wavelength
of optical radiation reflected from the volume of fluid is substantially independent to the amount of the metabolite
present in the volume of fluid;

means for determining a tissue overgrowth correction factor (K) to correct for errors in sensed values of said
intensities at the first and second wavelengths of optical radiation, due to tissue overgrowth, said tissue over-
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growth correction factor (K) being derived from the experimentally measured ratio of the intensity of light of the
first wavelength of optical radiation to the intensity of light of the second wavelength of optical radiation reflected
from tissue overgrowth upon exposure to equal intensities of light of the first and second wavelength of optical
radiation for the geometry of the optical sensor and from the relative output of the light emitters of the optical
sensor at the time of manufacture of the sensor; said system characterized by

means for determining a nominal time interval for detecting light of the second wavelength of optical radiation
(T2) after it is directed to a volume of fluid when no tissue overgrowth is present:

means for determining a pair of calibration constants (A, B) for said first and said second wavelength of optical
radiation, said calibration constants being defined by the intercept and slope of a calibration curve for the
saturation metric as a function of the ratio of the intensities of the light of the second and first wavetength of the
optical radiation reflected from a volume of fluid containing the metabolite, respectively;

means for measuring a first time interval for detecting light of the first wavelength of optical radiation and a
second time interval for detecting light of the second wavelength of optical radiation when light of said first and
second wavelengths of optical radiation is directed to the volume of fluid; and means for calculating a saturation
metric for the metabolite of interest based upon the tissue overgrowth correction factor (K), the pair of calibration
constants (A, B), the nominal time interval, the first time interval and the second time interval.

2. A system according to claim 1, wherein the saturation metric of the metabolite of interest is oxygen saturation and

the means for calculating the saturation metric further comprise:

means for calculating according to the following mathematical expression:

SAO; = A + B {(K*Tr*TiRnom)/ (K*T1R* T1rnom)-(TR(TiRnom-T1r))) };

where

SAO, is blood oxygen saturation
A and B are said calibration constants;
K is said tissue overgrowth correction factor;
Tr is said first time interval,
T\r is said second time interval;
T\Rnom is said nominal time interval.

A system according to claim 1, further comprising means for providing a saturation metric output signal.

A system according to claim 1, further comprising:

means for detecting a tissue overgrowth condition, and wherein if the tissue overgrowth condition is positive
then calculating a corrected saturation metric for the metabolite of interest; and

wherein if the tissue overgrowth condition is negative then calculating an uncorrected saturation metric for the
metabolite of interest.

A system according to claim 1, wherein the saturation metric of the metabolite of interest is a one of:
a glucose concentration, a lactate concentration, a pH concentration, a carbon dioxide concentration.

A system according to claim 1, wherein the first wavelength of optical radiation is approximately 660 nm and the
second wavelength of radiation is 880 nm.

A system according to claim 1, wherein the dual wavelength optical sensor is arranged to be disposed in a volume
of blood.

A system according to claim 1, wherein said dual wavelength optical sensor mechanically couples to an implantable
medical device.
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9. A system according to claim 1, wherein the saturation metric of the metabolite of interest is oxygen saturation and
the means for calculating further comprises: means for calculating according to a mathematical expression that
corrects for nonlinearity in a response to oxygen saturation by said first wavelength of optical radiation:

SAO; = A + B*log({(K*Tr*Tirnom)/ ((K*Tig*T1rnom)-(TR(T(Rnom-T1r))) } );

where

SAOQ, is blood oxygen saturation

A and B are said calibration constants;

K is said tissue overgrowth correction factor;
T is said first time interval,

T\r is said second time interval,

T\Rnoin 18 Said nominal time interval.

Patentanspriiche

1. System zum genauen Schétzen eines Sattigungsmales fir ein interessierendes Stoffwechselprodukt in einem
Fluidvolumen durch die Messung eines optischen Sensors unabhangig davon, ob Uber einer gesamten Linse des
optischen Sensors oder einem Teil hiervon Einkapselungsgewebe vorhanden ist, mit:

dem optischen Sensor, wobei der optische Sensor ein optischer Sensor (10) mit zweifacher bzw. doppelter
Wellenlange ist, der dazu ausgelegt ist, im Gebrauch in dem Fluidvolumen, das eine Menge des Stoffwechsel-
produkts enthalt, angeordnet zu werden; wobei die Intensitét von Licht einer ersten Wellenlange von optischer
Strahlung, die von dem Fluidvolumen reflektiert wird, im Wesentlichen umgekehrt proportional zu einer Menge
des in dem Fluidvolumen vorhandenen interessierenden Stoffwechselprodukts ist und die Intensitat von Licht
einer zweiten Wellenlange der optischen Strahlung, die von dem Fluidvolumen reflektiert wird, von der Menge
des in dem Fluidvolumen vorhandenen Stoffwechselprodukt im Wesentlichen unabhangig ist;

Mitteln, um einen Gewebeliberwachstum-Korrekturfaktor (K) zu bestimmen, um Fehler in erfassten Werten der
Intensitaten der ersten und der zweiten Wellenlange der optischen Strahlung, die durch ein Gewebeliberwachs-
tum bedingt sind, zu korrigieren, wobei der Gewebeliberwachstum-Korrekturfaktor (K) aus dem experimentell
gemessenen Verhaltnis der Intensitat von Licht der ersten Wellenldnge der optischen Strahlung zu der Intensitéat
von Licht der zweiten Wellenlange der optischen Strahlung, die von dem Gewebeliberwachstum bei Bestrahlung
mit gleichen Lichtintensitaten der ersten und der zweiten Wellenlange der optischen Strahlung fiir die Geometrie
des optischen Sensors reflektiert werden, und aus dem relativen Ausgang der Lichtsender des optischen Sen-
sors zum Zeitpunkt der Herstellung des Sensors abgeleitet wird;

wobei das System gekennzeichnet ist durch

Mittel, um ein Nennzeitintervall zum Detektieren von Licht der zweiten Wellenldnge der optischen Strahlung
(D2) zu bestimmen, nachdem sie zu einem Fluidvolumen gelenkt worden ist, wenn kein Gewebeuberwachstum
vorhanden ist;

Mittel, um ein Paar von Kalibrierungskonstanten (A, B) fiir die erste und die zweite Wellenlange der optischen
Strahlung zu bestimmen, wobei die Kalibrierungskonstanten durch den Achsenabschnitt und die Steigung einer
Kalibrierungskurve fir das Sattigungsmal als Funktion des Verhaltnisses der Intensitaten des Lichts der zweiten
und der ersten Wellenldnge der optischen Strahlung, die von einem das Stoffwechselprodukt enthaltenden
Fluidvolumen reflektiert wird, definiert sind;

Mittel, um ein erstes Zeitintervall zum Detektieren von Licht der ersten Wellenlange der optischen Strahlung
und ein zweites Zeitintervall zum Detektieren von Licht der zweiten Wellenlange der optischen Strahlung zu
messen, wenn Licht der ersten und der zweiten Wellenlange der optischen Strahlung auf das Fluidvolumen
gerichtet wird; und Mittel, um ein Sattigungsmal} fir das interessierende Stoffwechselprodukt anhand des
Gewebeliberwachstum-Korrekturfaktors (K), des Paars von Kalibrierungskonstanten (A, B), des Nennzeitinter-
valls, des ersten Zeitintervalls und des zweiten Zeitintervalls zu berechnen.

2. System nach Anspruch 1, wobei das Sattigungsmal} des interessierenden Stoffwechselprodukts die Sauerstoffsat-
tigung ist und die Mittel zur Berechnung des Sattigungsmalies ferner enthalten:
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Mittel zum Berechnen gemafl dem folgenden mathematischen Ausdruck:

SAO; = A+B { (K*Tr*Tirnom) / { (K*T1rRT 1Rnom) = (TR ( T1rnom—T1r) ) ) }

wobei

SAO, die Blutsauerstoffsattigung ist,

A und B die Kalibrierungskonstanten sind;

K der Gewebeliberwachstum-Korrekturfaktor ist;
Tg das erste Zeitintervall ist;

T\r das zweite Zeitintervall ist;

T\rnom das Nennzeitintervall ist.

System nach Anspruch 1, das ferner Mittel enthalt, um ein Sattigungsmaf-Ausgangssignal bereitzustellen.
System nach Anspruch 1, ferner mit:

Mitteln, um eine Gewebeliberwachstumsbedingung zu detektieren, wobei dann, wenn die Gewebeliberwachs-
tumsbedingung positiv ist, ein korrigiertes Sattigungsmal? fur das interessierende Stoffwechselprodukt berech-
net wird; und

wobei dann, wenn die Gewebelberwachstumsbedingung negativ ist, ein nicht korrigiertes Sattigungsmal fir
das interessierende Stoffwechselprodukt berechnet wird.

System nach Anspruch 1, wobei das SattigungsmaR des interessierenden Stoffwechselprodukts eines der Folgen-
den ist: eine Glukosekonzentration, eine Laktatkonzentration, eine pH-Konzentration, eine Kohlenstoffdioxid-Kon-
zentration.

System nach Anspruch 1, wobei die erste Wellenlange der optischen Strahlung etwa 660 nm betragt und die zweite
Wellenlange der Strahlung 880 nm betragt.

System nach Anspruch 1, wobei der optische Sensor mit doppelter Wellenldnge dazu ausgelegt ist, in einem Blut-
volumen angeordnet zu werden.

System nach Anspruch 1, wobei der optische Sensor mit doppelter Wellenlange mit einer implantierbaren medizi-
nischen Vorrichtung mechanisch koppelt.

System nach Anspruch 1, wobei das Sattigungsmal des interessierenden Stoffwechselprodukts eine Sauerstoff-
sattigung ist und die Berechnungsmittel ferner enthalten:

Mittel zum Berechnen gemaf einem mathematischen Ausdruck, der in einer Antwort auf die Sauerstoffsattigung
durch die erste Wellenlange der optischen Strahlung eine Nichtlinearitat korrigiert:

SAO,; = A+B log ({ (K*Tg*T1rnom) / { (K*T1rT1Rnom) = (TR (T1Rnom—T1r) ) ) })

wobei

SAO, die Blutsauerstoffsattigung ist,

A und B die Kalibrierungskonstanten sind;

K der Gewebeliberwachstum-Korrekturfaktor ist;
Tg das erste Zeitintervall ist;

T\r das zweite Zeitintervall ist;

T\rnom das Nennzeitintervall ist.
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Revendications
1. Systéme pour estimer précisément une grandeur de mesure de saturation pour un métabolite d’intérét dans un

volume de fluide, par une mesure de capteur optique indépendante de la présence d’un tissu d’encapsulation sur
la totalité ou une partie d’'une lentille du capteur optique, comportant :
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le capteur optique, dans lequel le capteur optique est un capteur optique a double ou duale longueur d’onde
(10) congu pour étre placé, en utilisation, dans le volume de fluide contenant une certaine quantité du métabolite ;
dans lequel lintensité de lumiére d’une premiére longueur d’'onde de rayonnement optique renvoyée par le
volume de fluide est pratiquement inversement proportionnelle a une quantité du métabolite d’intérét présent
dans le volume de fluide, et l'intensité de lumiére d’'une seconde longueur d’'onde de rayonnement optique
renvoyée par le volume de fluide est pratiquement indépendante de la quantité du métabolite présent dans le
volume de fluide ;

des moyens pour déterminer un facteur de correction de prolifération tissulaire (K) pour corriger des erreurs
dans les valeurs détectées desdites intensités aux premiére et

seconde longueurs d’'onde de rayonnement optique, en raison d'une prolifération tissulaire, ledit facteur de
correction de prolifération tissulaire (K) étant obtenu a partir du rapport mesuré expérimentalement entre I'in-
tensité de lumiére de la premiére longueur d’onde de rayonnement optique et I'intensité de lumiére de la seconde
longueur d’'onde de rayonnement optique renvoyée par la prolifération tissulaire lors d’'une exposition a des
intensités égales de lumiére des premiére et seconde longueurs d’onde de rayonnement optique pour la géo-
métrie du capteur optique, et a partir de la sortie relative des émetteurs de lumiere du capteur optique au moment
de la fabrication du capteur ;

ledit systeme étant caractérisé par

des moyens pour déterminer un intervalle de temps nominal pour détecter une lumiére de la seconde longueur
d’'onde de rayonnement optique (T2) apres qu’elle ait été dirigée vers un volume de fluide lorsque aucune
prolifération tissulaire n’est présente ;

des moyens pour déterminer une paire de constantes de calibrage (A, B) pour ladite premiére et ladite seconde
longueur d’'onde de rayonnement optique, lesdites constantes de calibrage étant définies par l'interception et
la pente d’'une courbe de calibrage pourla grandeur de mesure de saturation en fonction du rapport des intensités
de la lumiére des seconde et premiére longueurs d’onde de rayonnement optique renvoyées par un volume de
fluide contenant le métabolite, respectivement ;

des moyens pour mesurer un premier intervalle de temps pour détecter une lumiére de la premiére longueur
d’'onde de rayonnement optique et un second intervalle de temps pour détecter une lumiere de la seconde
longueur d’onde de rayonnement optique lorsque la lumiére desdites premiére et

seconde longueurs d’onde de rayonnement optique est dirigée vers le volume de fluide ; et des moyens pour
calculer une grandeur de mesure de saturation pour le métabolite d’intérét sur la base du facteur de correction
de prolifération tissulaire (K), de la paire de constantes de calibrage (A, B), de l'intervalle de temps nominal,
du premier intervalle de temps et du second intervalle de temps.

2. Systeme selon la revendication 1, dans lequel la grandeur de mesure de saturation du métabolite d’intérét est la
saturation en oxygene et les moyens pour calculer la grandeur de mesure de saturation comportent en outre :

des moyens de calcul d’aprés I'expression mathématique suivante :

SAO; = A+B{ (K*Tr*T1rnom) /( (K*TIR*TIRnom) = (TR (T1Rnom~T1r) ) ) }
ou

SAO, est la saturation en oxygéne du sang ;

A et B sont lesdites constantes de calibrage ;

K est ledit facteur de correction de prolifération tissulaire ;
Tr est ledit premier intervalle de temps ;

T\r est ledit second intervalle de temps ;

T\rnom ©st ledit intervalle de temps nominal.

3. Systéme selon la revendication 1, comportant également des moyens pour produire un signal de sortie de grandeur
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de mesure de saturation.
Systéme selon la revendication 1, comportant en outre :

des moyens pour détecter une condition de prolifération tissulaire, et dans lequel si la condition de prolifération
tissulaire est positive, alors calculer une grandeur de mesure de saturation corrigée pour le métabolite d’intérét ;
et

dans lequel si la condition de prolifération tissulaire est négative, alors calculer une grandeur de mesure de
saturation non corrigée pour le métabolite d'intérét.

Systéme selon la revendication 1, dans lequel la grandeur de mesure de saturation du métabolite d’intérét est un
élément parmi :

une concentration de glucose, une concentration de lactate,
une concentration de pH, une concentration de dioxyde de carbone.

Systéme selon la revendication 1, dans lequel la premiére longueur d’onde de rayonnement optique est approxi-
mativement de 660 nm et la seconde longueur d’onde de rayonnement est de 880 nm.

Systéme selon la revendication 1, dans lequel le capteur optique a double longueur d’onde est congu pour étre
disposé dans un volume de sang.

Systéme selon la revendication 1, dans lequel ledit capteur optique a double longueur d’onde est mécaniquement
couplé a un dispositif médical implantable.

Systéme selon la revendication 1, dans lequel la grandeur de mesure de saturation du métabolite d’intérét est la
saturation en oxygéne et les moyens de calcul comportent en outre : des moyens de calcul d’aprés une expression
mathématique qui corrige la non-linéarité dans une réponse a la saturation en oxygéne par ladite premiére longueur
d’'onde de rayonnement optique :

SAO, = A+B*log ({ (K*Tp*T1rnom) / ( (K*T1r*T1Rnom) = (TR (T1Rnom~T1r) ) ) }

ou

SAO, est la saturation en oxygéne du sang ;

A et B sont lesdites constantes de calibrage ;

K est ledit facteur de correction de prolifération tissulaire ;
Tg est ledit premier intervalle de temps ;

T\r est ledit second intervalle de temps ;

T\rnom €St ledit intervalle de temps nominal.
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