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Description

BACKGROUND

1. Field of the Invention

[0001] Embodiments of the present invention relate to
biomedical sensor technology and, in particular, to im-
plantable, multi-parameter sensing systems and meth-
ods.

2. Description of Related Art

[0002] Continuous parameter measurement is impor-
tant in the detection and monitoring of disease in patients.
The ability to monitor biological or physiological param-
eters, analytes and other parameters in a patient in emer-
gency rooms, intensive care units and other hospital set-
tings is critical in stabilizing patients and reducing mor-
tality rates. The monitoring of blood oxygen saturation,
blood pressure, glucose, lactate, temperature, ion con-
centration, such as potassium, for example, and pH, for
example, provides an indication of the state of tissue ox-
ygen balance in the patient, knowledge of which is crucial
in preventing a patient from progressing toward a serious,
debilitating medical condition or even death.
[0003] Various situations require prompt monitoring
and response to a change in body chemistry or other
patient parameters. For example, sepsis, a toxic condi-
tion resulting from the spread of bacteria or their products
from a focus of infection, can lead to global tissue hypox-
ia, multiple organ failures, cardiovascular collapse and
eventual death. Increased blood lactate concentrations
and decreased mixed venous oxygen saturation are clas-
sic indicators of the early phases of septic shock. By mon-
itoring these parameters, blood chemistry levels can be
regulated and the incidence of sepsis decreased.
[0004] The prevention of sepsis is becoming increas-
ingly important. Cases of sepsis occur more frequently
in elderly persons than in younger populations. As the
number of elderly persons nationwide and worldwide
continues to increase, the number of cases of sepsis can
be expected to increase as well.
[0005] Blood glucose is another parameter that re-
quires monitoring in a medical setting in order to reduce
injury and mortality rates. For example, for patients who
are in an intensive care environment, especially those
with diabetes, glucose monitoring is critical. If the amount
of glucose in the diabetic patient’s system is not main-
tained at proper levels, the patient may sustain serious
or life-threatening injury. If too much glucose accumu-
lates in the diabetic patient’s system, the patient could
become hyperglycemic, resulting in shortness of breath,
nausea and vomiting at best or diabetic coma and death
in the worst case. If there is too little glucose in the diabetic
patient’s system, the patient could become hypoglyc-
emic, resulting in dizziness, sweating and headache at
best and unconsciousness and death in the worst case.

[0006] Electrolyte and ion monitoring may have great
potential for some electrolyte disorders. For example, low
sodium or hyponatremia (an acute or chronic condition
caused by kidney failure, pneumonia, meningitis, trauma,
adrenal/pituitary gland insufficiency, congestive heart
failure and cirrhosis) can cause water from the body fluids
to move into the higher osmolarity tissue, causing the
tissue to expand (edema). One clinical manifestation of
this syndrome is increased brain pressure from cerebral
edema. Potassium deficit (<3.5 mmol/L) has been linked
with increased incidence of stroke in elderly individuals,
especially those with arterial fibrillation. Additionally, se-
rum potassium level has been a predictor of serious peri-
and intra-operative arrhythmia, and postoperative arte-
rial fibrillation.
[0007] Traditionally, the monitoring of patient param-
eters in a hospital or other medical setting has been ac-
complished by drawing a blood sample and sending the
sample to a laboratory for analysis. This type of monitor-
ing process, while well-established and providing accu-
rate results, is time-consuming and, indeed, time-prohib-
itive in an emergency situation. By the time lab results
return to an attending physician, the patient may have
already entered into a serious state or even may have
already died.
[0008] Some industry attempts have been made to
provide continuous, immediate monitoring of patient pa-
rameters. For example, Diametrics Medical, Inc., has de-
veloped several sensing systems for monitoring patient
parameters, such as the NEUROTREND Sensor and the
PARATREND7+ Sensors. The NEUROTREND Sensor
is a disposable, single-use device for the continuous
measurement of intra cranial pH, pCO2, pO2, and tem-
perature that is used in conjunction with an appropriate
intracranial access device. The device incorporates op-
tical sensors and thermocouples for the measurement of
pH, pCO2, and pO2, and a thermocouple for temperature
measurement. The NEUROTREND sensor indicates the
perfusion and metabolic acidosis /alkalosis status of cer-
ebral tissue in the vicinity of the sensor. The
PARATREND7+ Sensors are disposable, single-use fib-
er optic devices for continuous measurement of pH,
pCO2, pO2 and temperature, providing real-time oxygen-
ation, ventilation and metabolic information for critically
ill patients.
[0009] However, the NEUROTREND Sensors and the
PARATREND7+ Sensors have limited capabilities. Op-
tical sensors lose effectiveness quickly when proteins
deposit on their surface, which is inevitable in the body.
The NEUROTREND Sensors and the PARATREND7+
Sensors, which are based on optical sensors, thus, tend
to lose their effectiveness quickly. Accordingly, medical
professionals must still use conventional techniques for
obtaining reliable, quantifiable parameter values in addi-
tion to the values indicated by the NEUROTREND Sen-
sors and the PARATREND7+ Sensors when administer-
ing to patients.
[0010] To date, there have been no implantable sen-
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sors providing continuous, quantifiable, simultaneous
measurement values for patient parameters. In particu-
lar, there have been no implantable sensors providing
continuous, quantifiable, simultaneous measurement
values for lactate, glucose, pH, temperature, venous ox-
ygen pressure, venous oxygen concentration and potas-
sium. An implantable, multi-parameter sensor that mon-
itors one or more of glucose, lactate, pH, temperature,
venous oxygen pressure, venous oxygen concentration
and blood potassium could be used advantageously in
hospital or medical settings, in critical care, emergency
care and intensive care situations, in triage, surgery and
in field applications. For example, because a patient’s
blood glucose concentration may increase during kidney
dialysis, the monitoring of glucose, oxygen and temper-
ature during dialysis may be helpful.

SUMMARY

[0011] It is therefore an object of embodiments of the
present invention to provide a system for sensing and
quantifying multiple parameters in a patient It is a further
object of embodiments of the present invention to provide
a system and method for using an implantable, multi-
parameter sensor that responds to a plurality of analytes
simultaneously. It is yet a further object of embodiments
of the present invention to provide a system and method
for sensing multiple parameters that can be used in crit-
ical care, intensive care or emergency environments. It
is yet a further object of embodiments of the present in-
vention to provide a system and method for sensing mul-
tiple parameters that can provide continuous measure-
ment of blood oxygen saturation, lactate, oxygen pres-
sure, ion measurement, such as, potassium, hydrogen
(pH) and sodium, for example, carbon dioxide, glucose
and other ion concentrations.
According to one aspect of the invention there is provided
a multi-parameter sensing apparatus as defined by claim
1. Another aspect provides a sensing method as defined
by claim 25, and yet another aspect provides a patient
evaluation method as defined by claim 29.
[0012] A method of sensing multiple parameters not
embodying the invention may include implanting an im-
plantable sensor at a single site in a patient, the implant-
able sensor having a housing within which are disposed
a plurality of implantable sensing elements; and reading
an output from at least one of the implantable sensing
elements. A plurality of parameters may be read from the
implantable sensor at the single site. The output read
from at least one of the implantable sensing elements
may be a quantifiable value. Also, at least one of the
implantable sensing elements may be a biological pa-
rameter sensor, a physiological parameter sensor or an
analyte sensor. Reading an output from at least one of
the implantable sensing elements may include reading
an output from the at least one implantable sensing ele-
ment that responds to lactate, blood oxygen saturation,
blood pressure, glucose, blood temperature, potassium

or pH.
[0013] A method not embodying the invention may also
include administering therapy to the patient based on the
output read from the at least one implantable sensing
element. Administering therapy may include administer-
ing therapy for myocardial ischemia, myocardial infarc-
tion, sepsis, septic shock or angina. Administering ther-
apy may also include adjusting a function or a placement
of an implantable cardiovascular defibrillator disposed
within the patient or administering therapy for a patient
receiving extracorporeal membrane oxygenation. The
method may also include classifying a severity of a con-
dition of the patient or classifying a worsening condition
of the patient. The method may be used in a surgical
environment in an intensive care environment.
[0014] A method of evaluating a patient not embodying
the invention may include implanting an implantable sen-
sor at a single site in a patient, the implantable sensor
having a housing within which are disposed a plurality of
implantable sensing elements; reading an output from at
least one of the implantable sensing elements; and eval-
uating the patient based on the output read from the at
least one implantable sensing element. A plurality of pa-
rameters may be read from the implantable sensor at the
single site. The output read from at least one of the im-
plantable sensing elements may be a quantifiable value.
Evaluating the patient may include evaluating the patient
based on an output from the at least one implantable
sensing element that responds to lactate or from at least
one implantable sensing element that responds to blood
oxygen saturation, blood pressure, glucose, blood tem-
perature, potassium or pH.
[0015] Evaluating the patient may also include evalu-
ating the patient for myocardial ischemia, myocardial in-
farction, angina, sepsis or septic shock or any other con-
dition or situation. Evaluating the patient may also include
evaluating the patient having an implantable cardiovas-
cular defibrillator or evaluating the patient receiving ex-
tracorporeal membrane oxygenation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 shows a perspective view of an appa-
ratus for sensing multiple parameters according to an
embodiment of the present invention.
[0017] Figure 2 shows a perspective view of another
apparatus for sensing multiple parameters according to
an embodiment of the present invention.
[0018] Figure 3 shows a generalized method for using
an implantable, multi- parameter sensor according to an
embodiment of the present invention.
[0019] Figure 4 shows a method for using an implant-
able, multi-parameter sensor according to an embodi-
ment of the present invention.
[0020] Figure 5 shows another method for using an
implantable, multi-parameter sensor according to an em-
bodiment of the present invention.
[0021] Figure 6 shows another method for using an
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implantable, multi-parameter sensor according to an em-
bodiment of the present invention.
[0022] Figure 7 shows another method for using an
implantable, multi-parameter sensor according to an em-
bodiment of the present invention.
[0023] Figure 8 shows another method for using an
implantable, multi-parameter sensor according to an em-
bodiment of the present invention.
[0024] Figure 9 shows a block diagram of an apparatus
for sensing multiple parameters implanted in a patient
according to an embodiment of the present invention.
[0025] Figure 10 shows a block diagram of another
apparatus for sensing multiple parameters implanted in
a patient according to an embodiment of the present in-
vention.
[0026] Figure 11 shows a block diagram of another
apparatus for sensing multiple parameters implanted in
a patient according to an embodiment of the present in-
vention.

DETAILED DESCRIPTION

[0027] In the following description of preferred embod-
iments, reference is made to the accompanying drawings
which form a part hereof, and in which are shown by way
of illustration specific embodiments in which the invention
may be practiced. It is to be understood that other em-
bodiments may be utilized and structural changes may
be made without departing from the scope of the pre-
ferred embodiments of the present invention.
[0028] Although the following description is directed
primarily toward systems and methods for sensing mul-
tiple parameters in a patient, embodiments of the present
invention may be used in a variety of capacities and ap-
plications. For example, embodiments of the present in-
vention may be used for critical care, intensive care or
emergency environments or in triage, surgery and in field
applications or, for example, in particular medical or sur-
gical procedures, such as dialysis or cardiac bypass, for
example. Also, embodiments of the present invention
may be used in hospitals to simultaneously measure mul-
tiple analytes. Generally, embodiments of the present
invention may be adapted for use in any type of medical
or hospital situation where simultaneous measurement
of biological or physiological parameters or analytes is
desired.
[0029] An apparatus for sensing multiple parameters
10 according to an embodiment of the present invention
may be seen in Fig. 1. The apparatus for sensing multiple
parameters 10 shown in Fig. 1 includes, but is not limited
to, a housing 14, a plurality of sensors 12a-12e, a tip 16
and an interconnect 18. The housing 14 may also include
one or more apertures 20 for permitting physical or other
contact between fluids in the body and sensing elements
located on each of the plurality of sensors 12a-12e.
[0030] Each of the plurality of sensors 12a-12e may
be designed to sense one or more parameters. For ex-
ample, each of the plurality of sensors 12a-12e may be

designed to sense a biological or physiological parameter
in a patient, such as, for example, blood oxygen satura-
tion, blood pressure, blood temperature, or blood pH. Al-
so, each of the plurality of sensors 12a-12e may be de-
signed to sense a parameter such as an analyte in a
patient, such as, for example, glucose, lactate, potassi-
um, pH, sodium, pCO> 2, pO2, SvO2, pvO2, temperature
and urea. Accordingly, given the various mechanisms
required to sense various parameters, each of the plu-
rality of sensors 12a-12e may be designed as an elec-
trochemical sensor, a potentiometric sensor, a current
sensor, a physical quantity sensor, an optical sensor or
other type of sensor, dictated by the parameter being
measured. In addition, the output of one or more of the
plurality of sensors 12a-12e may be a quantifiable value.
In other words, a measurement may be made by one or
more of the plurality of sensors 12a-12e such that an
quantifiable or absolute value is returned by the sensor.
[0031] Although the embodiment of the present inven-
tion shown in Fig. 1 includes five sensors, embodiments
of the present invention may be designed with any
number of sensors desired or necessary for a particular
application. For example, an embodiment of the present
invention shown in Fig. 5 includes, without limitation,
three sensors.
[0032] The plurality of sensors 12a-12e shown in Fig.
1 are "daisy-chained" together via the interconnect 18.
Because "daisy-chaining" modules is facilitated by digital
addressing, each of the plurality of sensors 12a-12e
shown in the embodiment of Fig. 1 includes an analog-
to-digital (A/D) converter integrated circuit as well as a
power supply for powering the integrated circuit, such as,
for example, a capacitor. Thus, because each of the plu-
rality of sensors 12a-12e includes an onboard A/D, the
information leaving the housing 14 on the interconnect
18 is in digital form.
[0033] Also, each of the plurality of sensors 12a-12e
may be individually addressed by a remote device, such
as, for example, a computer or other controller. The ad-
dressing schemes may be any scheme common in the
industry and may include, without limitation, frequency
modulation or time modulation schemes.
[0034] The housing 14 may be fabricated in a variety
of ways. For example, the housing 14 may be a single,
standard catheter that is flexible for vascular placement.
If the housing 14 is a flexible catheter, the apparatus for
sensing multiple parameters 10 may be placed independ-
ently in the body. In addition, the housing 14 may be one
lumen of a multi-lumen catheter or may be part of a central
venous line or sheath. According to an embodiment of
the present invention, the housing 14 may be made of
silicone or a polyethylene, for example.
[0035] According to an embodiment of the present in-
vention, the tip 16 may be an ogive shape, i.e., a "bullet
nose." An ogive-shaped tip 16 may optimize a flow field
around the apparatus for sensing multiple parameters 10
and, being curved, may be less likely to gouge the patient
during insertion. According to another embodiment of the
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present invention, the tip 16 may have some sort of struc-
ture, such as, for example, a screw anchor or other struc-
ture, allowing it to be fixed into tissue.
[0036] Fig. 2 shows an apparatus for sensing multiple
parameters 30 according to another embodiment of the
present invention. The apparatus for sensing multiple pa-
rameters 30 includes, but is not limited to, a plurality of
sensors 32a-32e, a housing 34, a tip 36 and an intercon-
nect 38. The housing 34 may also include one or more
apertures 40 allowing fluids in the body to come into phys-
ical contact with the sensors 32a-32e.
[0037] Whereas each of the plurality of sensors 12a-
12e of Fig. 1 were daisy-chained together, the plurality
of sensors 32a-32e in Fig. 2 operate independently of
one another and are individually wired. In other words,
according to the embodiment of the present invention
shown in Fig. 2, each of the plurality of sensors 32a-32e
has a wire connected to it that is routed out of the housing
34 such that the interconnect 38 is actually a plurality of
interconnects. Because there is no daisy-chain configu-
ration in the embodiment of the invention shown in Fig.
2, there is no need for each of the plurality of sensors
32a-32e to be digitally addressable. Each of the plurality
of sensors 32a-32e may transmit or receive an analog
signal ; there is no requirement to include an onboardA/D
integrated circuit and associated power supply. Without
the A/D integrated circuit and associated power supply,
the "wired" sensing apparatus 30 according to the em-
bodiment of the present invention shown in Fig. 2 may
have a reduced size, making it flexible and desirable for
medical and/or surgical use.
[0038] Embodiments of the present invention need not
be limited to a"daisy-chained"sensing apparatus as
shown in Fig. 1 or a"wired"sensing apparatus as shown
in Fig. 2. Embodiments of the present invention may also
include, without limitation, a combination of daisy-
chained and wired configurations.
[0039] The sensors 12a-12e and 32a-32e shown in
the embodiments of the invention of Fig.1 and Fig. 2 may
be physically disposed in a variety of ways. For example,
the plurality of sensors 12a-12e shown in Fig. 1 and the
plurality of sensors 32a-32e shown in Fig. 2 are arranged
in a "perpendicular" fashion. In other words, in the em-
bodiments of the invention shown in Figs. 1 and 2, each
sensor is aligned perpendicularly or is "on its side"relative
to the sensor adjacent to it. Thus, according to embodi-
ments of the present invention, flexibility in position
and/or orientation may be achieved. For example, ac-
cording to embodiments of the present invention, a drug
may be dosed in a perpendicular fashion on one half of
the catheter while a parameter may be measured on an-
other half of the catheter. Also, in embodiments of the
invention in which all sensing elements are disposed on
one side or the catheter, for example, the catheter may
be rotated or positioned in multiple orientations to deter-
mine a variance in readings for a particular environment,
thus indicating whether an environment is "well-mixed."
[0040] A generalized method for using an implantable,

multi-parameter sensor according to the method shown
in Fig. 3. According to the method shown in Fig. 3, an
implantable, multi-parameter sensor is positioned in a
patient at step 40. The implantable, multi-parameter sen-
sor may be inserted into the vasculature. According to
other methods, the implantable, multi-parameter sensor
may positioned in the peritoneal or may be positioned
subcutaneously, or, for example, may be positioned in
ventricular spaces, neurological spaces, such as the
spine or brain, for example, intramuscular, myocardial,
or pericardial spaces, and all vascular (venous and arte-
rial) spaces. According to embodiments of the present
invention, the implantable, multi-parameter sensor may
also be position outside the body, for example, in an ex-
tracorporeal membrane oxygenation (ECMO) system.
[0041] At step 42, parameters are monitored using the
implantable, multi- parameter sensor. According to em-
bodiments of the present invention, a variety of param-
eters may be monitored. For example, lactate, blood ox-
ygen saturation, potassium pH, blood pressure, glucose
and blood temperature may be monitored. In addition,
the parameters monitored may be monitored continuous-
ly or may be used to trigger alarms.
According to other embodiments of the present invention,
the parameters monitored may be used to suggest treat-
ment for a patient based on measured values. Also, em-
bodiments of the invention may be used in a variety of
applications. For example, because a patient’s blood glu-
cose concentration may increase during kidney dialysis,
embodiments of the invention may be used to monitor
glucose, oxygen and temperature during dialysis.
Also, for example, embodiments of the invention may be
used to monitor parameters during surgical procedures,
such as cardiac bypass, for example, or during triage.
[0042] At step 44, a risk level may be assessed or a
therapy may be administered in response to the param-
eter levels sensed using the implantable, multi-parame-
ter sensor. For example, based on the sensed level of a
particular parameter, a medical professional may deter-
mine that the patient is at high-risk for a debilitating med-
ical condition and an appropriate course of action may
be commenced. According to another method of using
embodiments of the present invention, based on the
sensed level of a particular parameter, a particular type
of therapy may be administered, such as, for example,
delivery to the patient of a particular drug.
[0043] A method for using an implantable, multi-pa-
rameter sensor in connection with myocardial ischemia
is shown in Fig. 4. Myocardial ischemia, a condition in
which oxygen deprivation to the heart muscle is accom-
panied by inadequate removal of metabolites because
of reduced blood flow or perfusion, occurs due to an im-
balance between myocardial oxygen supply and de-
mand. Myocardial ischemia may be monitored using an
implantable, multi-parameter sensor.
[0044] According to the method shown in Fig. 4, an
implantable, multi-parameter sensor is positioned in a
patient at step50. The implantable, multi-parameter sen-
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sor may be inserted into the vasculature. According to
other methods of using embodiments of the present in-
vention, the implantable, multi-parameter sensor may
positioned in the peritoneal or may be positioned subcu-
taneously or, for example, may be positioned in ventricu-
lar spaces, neurological spaces, such as the spine or
brain, for example, intramuscular, myocardial, or pericar-
dial spaces, and all vascular (venous and arterial) spac-
es. According to embodiments of the present invention,
the implantable, multi-parameter sensor may also be po-
sition outside the body, for example, in an ECMO system.
[0045] At step 52, a variety of parameters may be mon-
itored in connection with myocardial ischemia using the
implantable, multi-parameter sensor. According to em-
bodiments of the present invention, lactate levels blood
oxygen saturation, base deficit and pH, for example, may
be monitored in connection with myocardial ischemia.
Also, these and other parameters may be continuously
monitored. Insufficient myocardial ischemia (or per-
fusion) may lead to irreversible cell damage and/or my-
ocardial infarction. Also, the transition from myocardial
ischemia to myocardial infarction happens over the
course of several hours and, during this period, blood
lactate concentrations elevate and remain elevated until
tissue reperfusion.
[0046] At step 54, a risk may be assessed or a therapy
administered for myocardial ischemia. Because blood
lactate concentrations elevate and remain elevated dur-
ing the transition from myocardial ischemia to myocardial
infarction, the monitoring of lactate concentrations may
be a predictor of heart attacks. Thus, if high levels of
lactate are monitored using the implantable, multi-pa-
rameter sensor, the risk of heart attack may be assessed
and appropriate medication administered. Also, in the
case of a myocardialinfarction, "clot-busting" drugs need
to be administered within the first few hours of the event.
[0047] A method for using an implantable, multi-pa-
rameter sensor embodying the invention in connection
with myocardial infarction or angina is shown in Fig.5.
Myocardial infarction Implies a death of heart muscle
cells resulting from lack of oxygen supply and supply of
other nutrients due to closure of the coronary artery. Lack
of oxygen, otherwise known as tissue hypoxia, or oxygen
imbalance, causes tissue metabolism to shift from aero-
bic to anaerobic. This shift results in increased tissue and
blood lactate concentrations. Global tissue hypoxia may
indicate serious illness and may precede multiple organ
failure and death.
[0048] Angina is a discomfort experienced in the chest,
arms neck or back by patients with coronary artery dis-
ease and indicates that the heart muscle is not getting
enough blood. Myocardial infarction and angina may be
monitored using an implantable, multi-parameter sensor
embodying the invention.
[0049] According to a method of using an embodiment
of the present invention shown in Fig. 5, an implantable,
multi-parameter sensor is positioned in a patient at step
60. The implantable, multi-parameter sensor may be in-

serted into the vasculature. According to other methods,
the implantable, multi-parameter sensor may positioned
in the peritoneal or may be positioned subcutaneously.
[0050] At step 62, a variety of parameters may be mon-
itored in connection with myocardial infarction and angina
using the implantable, multi-parameter sensor.
Lactate levels, blood oxygen saturation, base deficit and
pH, for example, may be monitored in connection with
myocardial infarction and angina. Also, these parameters
may be continuously monitored. For example, potassium
deficit has been linked with increased incidence of stroke
in elderly individuals and an increase in atrial fibrillation
after cardiac surgery.
[0051] At step 64, a risk may be assessed or a therapy
administered for myocardial ischemia. Ischemic myocar-
dium releases lactate in a quantitative relation to the ex-
tent of ischemia. At least one animal study has shown
that 5-, 15-and 45 minute ischemic events result In 2.80,
9.27 and 6.11 mM blood lactate concentrations, respec-
tively. Thus, the transition from myocardial ischemia to
myocardial infarction and angina may be inferred from
the shape of a blood lactate concentration curve with
respect to time. Then, a state of myocardial infarction
may be assessed and appropriate medication adminis-
tered.
[0052] A method for using an implantable, multi-pa-
rameter sensor embodying the invention in connection
with the function and placement of an implantable cardi-
ovascular defibrillator (ICD) is shown in Fig. 6. According
to the method shown in Fig. 6, an implantable, multi-pa-
rameter sensor is positioned in a patient at step 70. The
implantable, multi-parameter sensor may be inserted into
the vasculature. According to other methods, the implant-
able, multi-parameter sensor may positioned in the peri-
toneal or may be positioned subcutaneously.
[0053] At step 72, a variety of parameters may be mon-
itored in connection with the ICD using the implantable,
multi-parameter sensor. Lactate levels, blood oxygen
saturation, base deficit and pH, for example, may be mon-
itored in connection with the ICD in a patient Also, these
parameters may be continuously monitored.
[0054] At step 74, the function and placement of the
ICD may be evaluated. For example, the trends in level
and frequency of electrical shocks or pulses generated
by the ICD relative to lactate levels, blood oxygen satu-
ration, base deficit, blood pH or other parameters may
be tracked and monitored. Depending on the efficacy of
the ICD in connection with the levels of the monitored
parameters, the functioning of the ICD may be adjusted
to improve its effects. In addition, the appropriateness of
the placement or positioning of the ICD may be evaluat-
ed. For example, the placement of the ICD may be ad-
justed if a medical professional determines that, given
the frequency and levels of electrical shocks or pulses
generated by the ICD relative to lactate levels, blood ox-
ygen saturation, base deficit, blood pH or other param-
eters, a more advantageous position within the patient
is desirable.
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[0055] A method for using an implantable, multi-pa-
rameter sensor embodying the invention in connection
with sepsis or septic shock is shown in Fig. 7. Sepsis,
defined by the presence of toxins from pathogenic or-
ganisms in the blood or tissue, often leads to global tissue
hypoxia, multiple organ failure, such as sudden cardio-
vascular collapse, for example, and eventual death. In-
creased lactate concentrations and decreased mixed ve-
nous oxygen saturation are typical signs of early phases
of septic shock. Lactate concentrations remain elevated
throughout sepsis.
[0056] Sepsis is responsible for as many deaths as
myocardial infarction. Severe sepsis and septic shock
may be mitigated by using embodiments of the present
invention.
Severe sepsis and septic shock may be mitigated by con-
tinuously monitoring lactate levels in a patient. The con-
centration of lactate in the blood increases as a patient
enters a septic phase. In addition, the concentration of
blood potassium typically lowers as a patient enters a
septic phase while central venous pressure drops. Also,
according to some schools of thought, venous 02 can
rise as a patient becomes septic or is going through sep-
sis. Thus, embodiments of the present invention may be
used to continuously monitor blood lactate, venousOs,
potassium and central venous pressure. According to
embodiments of the present invention, sepsis and septic
shock may be monitored using an implantable, multi-pa-
rameter sensor.
[0057] According to a method shown in Fig. 7, an im-
plantable, multi-parameter sensor is positioned in a pa-
tient at step 80. The implantable, multi-parameter sensor
may be inserted into the vasculature. According to other
methods, the implantable, multi-parameter sensor may
positioned in the peritoneal or may be positioned subcu-
taneously.
[0058] At step 82, a variety of parameters may be mon-
itored in connection with sepsis or septic shock using the
implantable, multi-parameter sensor. Lactate levels,
blood oxygen saturation, base deficit and pH, for exam-
ple, may be monitored in connection with sepsis or septic
shock in a patient. Also, these parameters may be con-
tinuously monitored.
[0059] At step 84, a risk may be assessed or a therapy
administered for sepsis or septic shock. By continuously
monitoring blood lactate, venousOz, potassium and cen-
tral venous pressure, a physician or other medical at-
tendant to may administer to the patient responsive treat-
ment based on the monitored parameters and prevent
the patient from becoming septic.
[0060] A method for using an implantable, multi-pa-
rameter sensor in connection with ECMO according to
an embodiment of the present invention is shown in Fig.
8.
ECMO, a form of therapy supporting heart and lung func-
tions in a patient when the patient’s own heart and lung
functions are inadequate, is typically administered from
three to twenty-one days depending on the severity of

the condition. Children typically require ECMO support
from five to seven days. ECMO is typically performed on
neonates but is also performed on adults. In ECMO,
blood is drained from a patient through a catheter and is
pumped through a membrane oxygenator serving as an
artificial lung, adding oxygen into the blood and removing
carbon dioxide from the blood. The blood then reenters
the patient through a catheter placed in an artery. Ac-
cording to embodiments of the present invention, patient
condition during ECMO therapy may be monitored using
an implantable, multi-parameter sensor.
[0061] Also, hypoxia and hypertension are common
not only in critically ill adults but also in sick neonates,
particularly pre-term infants receiving intensive care.
Hyperiactataemia is associated with increased mortality
in premature infants with respiratory distress syndrome
(RDS) and respiratory failure patients receiving ECMO.
Hyperlactataemia in neonates is defined as an arterial
blood lactate concentration above 2.5 mM.
[0062] According to a method of using an embodiment
of the present invention shown in Fig. 8, an implantable,
multi-parameter sensor is positioned in a patient at step
90. The implantable, multi-parameter sensor may be in-
serted into the vasculature. According to other methods,
the implantable, multi-parameter sensor may positioned
in the peritoneal or may be positioned subcutaneously,
or, for example, may be positioned in ventricular spaces,
neurological spaces, such as the spine or brain, for ex-
ample, intramuscular, myocardial, or pericardial spaces,
and all vascular (venous and arterial) spaces. According
to embodiments of the present invention, the implantable,
multi-parameter sensor may also be position outside the
body, for example, in an ECMO system.
[0063] At step 92, a variety of parameters may be mon-
itored in connection with ECMO using the implantable,
multi-parameter sensor. According to embodiments of
the present invention, lactate levels, blood oxygen satu-
ration, base deficit and pH, for example, may be moni-
tored In connection with the administration of ECMO. Al-
so, these parameters may be continuously monitored.
[0064] At step 94, a risk may be assessed or a therapy
administered in connection with the administration of EC-
MO. By continuously monitoring blood lactate, blood ox-
ygen saturation, base deficit, pH and other parameters,
a physician or other medical attendant to may administer
to the patient responsive treatment based on the moni-
tored parameters and the effects of the ECMO.
[0065] A block diagram of a multi-parameter sensing
system 100 with a multi-parameter sensor implanted in
a patient may be seen in Fig. 9. In Fig. 9, an apparatus
for sensing multiple parameters 102 is inserted into a
patient 101. A catheter portion 104 of the apparatus for
sensing multiple parameters 102 exits the patient 101 at
an incision 106 and extends out of the patient 101. If the
apparatus for sensing multiple parameters 102 shown in
Fig. 9 is a daisy-chained apparatus, the information
present on the interconnect 108 may be in digital form
and may be connected directly to a computer 112 or other
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analytical device. The apparatus for sensing multiple pa-
rameters 102 in Fig. 9 may also include an infusion line
110 which may be connected to an infusant delivery sys-
tem 114 or other delivery system.
[0066] A block diagram of a multi-parameter sensing
system 120 according to another embodiment of present
the present invention may be seen in Fig. 10. In Fig. 10,
an apparatus for sensing multiple parameters 122 is im-
planted in a patient 121. A catheter portion 124 of the
apparatus for sensing multiple parameters 122 exits the
patient 121 at an incision 126 and extends out of the
patient 121. In the embodiment of the invention shown
in Fig. 10, if the apparatus for sensing multiple parame-
ters 122 is a "wired" sensing apparatus, the information
contained on the interconnect 128 may be in analog form.
The interconnect 128, which may be a plurality of inter-
connects, may be connected to an analog-to-digital con-
verter (A/D) 136. The information coming out of the A/D
136 is in digital form and may be connected to a computer
132 or other analytical device. According to another em-
bodiment of the present invention, the information con-
tained on the interconnect 128, being in analog form, may
also be connected directly to an oscilloscope or other
analytical device. The multi-parameter sensing system
120 may also include an infusion line 130 which may be
connected to an infusant delivery system 134.
[0067] A block diagram of a multi-parameter sensing
system 140 according to another embodiment of present
the present invention may be seen in Fig. 11. In Fig. 11,
an apparatus for sensing multiple parameters 142 is im-
planted in a patient 156. A catheter portion 144 of the
apparatus for sensing multiple parameters 142 exits the
patient 156 at an incision 146 and extends out of the
patient 156. In the embodiment of the invention shown
in Fig. 11, one of the sensors in the apparatus for sensing
multiple parameters 142 includes an internal electrode
which cooperates with an external electrode 154. An first
interconnect 148, which includes a signal from the inter-
nal electrode on one of the sensors in the apparatus for
sensing multiple parameters 142, and a second intercon-
nect 150 are connected to a computer or other controller/
analyzer 152. The computer or othercontroller/analyzer
152 is able to sense a change of impedance between
the internal electrode on one of the sensors in the appa-
ratus for sensing multiple parameters 142 and the exter-
nal electrode 154, corresponding to a change in the
chemical, biological or physiological make-up of the area
between the two electrodes, i. e. , the patient.
[0068] For example, if a patient enters a state of ede-
ma, an increase in fluid in body tissue, the embodiment
of the present invention shown in Fig. 11 could be used
to detect the edema. An increase in fluid in body tissue
may correspond to a change in the impedance of the
body tissue, which would be sensed by the internal elec-
trode and the external electrode 154. Edema is also as-
sociated with low sodium concentration orhyponatremia.
Low sodium levels may cause body fluids to move into
the higher osmolarity tissue, causing tissue to expand

(edema). One clinical manifestation of this syndrome is
increased brain pressure from cerebral edema.
[0069] Embodiments of the present invention may also
be used to maintain proper insulin levels, especially in
diabetics. For example, using an embodiment of the
present invention, blood glucose may be monitored and
insulin levels adjusted accordingly to prevent a patient
from becoming hypoglycemic or hyperinsulinemic.
Along with glucose,02 and temperature measurements
may be made to assist the medical professional in deter-
mining the most advantageous time and manner to adjust
the patient’s insulin to the proper levels.
[0070] Embodiments of the present invention allow
medical professionals to use one sensing apparatus to
measure multiple parameters. Thus, the medical and sur-
gical risks involved by placing multiple devices or sensors
on a patient to measure desired parameters are reduced.
[0071] Embodiments of the present invention may be
used in vascular or non- vascular applications. For ex-
ample, sensors according to embodiments of the present
invention be inserted into the vasculature. According to
other methods of using embodiments of the present in-
vention, sensors may be positioned in the peritoneal or
may be positioned subcutaneously or, for example, may
be positioned in ventricular spaces, neurological spaces,
such as the spine or brain, for example, intramuscular,
myocardial, or pericardial spaces, and all vascular (ve-
nous and arterial) spaces. According to embodiments of
the present invention, the implantable, multi-parameter
sensor may also be position outside the body, for exam-
ple, in an ECMO system. Embodiments of the present
invention may also be used for intracranial or defibrillation
applications.
[0072] Embodiments of the present invention may also
be used to classify the severity of a disease of a patient.
For example, embodiments of the present invention may
be useful in assisting physicians or other medical profes-
sionals in determining a patient’s Simplified Acute Phys-
iology Score (SAPS), Multiple Organ Disfunction Score
(MODS) or other scoring index. In addition, embodiments
of the present invention may be used in connection with
grading systems such as the Acute Physiology and
Chronic Health Evalutor (APACHE), for example.
[0073] Embodiments of the present invention may be
used in a variety of environments. For example, embod-
iments of the present invention may be used in point- of-
care testing or in a surgical, emergency, critical care or
intensive care environment.
[0074] Embodiments of the present invention may also
be used with other devices. For example, embodiments
of the present invention may be used with heart pace-
makers and defibrillators. In addition, embodiments of
the present invention may be used in connection with
internal or external pumps. For example, embodiments
of the present invention may be used along with an im-
plantable insulin pump.
[0075] While particular embodiments of the present in-
vention have been shown and described, it will be obvi-
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ous to those skilled in the art that the invention is not
limited to the particular embodiments shown and de-
scribed and that changes and modifications may be
made without departing from the scope of the appended
claims.

Claims

1. A multi-parameter sensing apparatus (10, 30) com-
prising:

an implantable housing (14, 34);
a plurality of sensors (12a-12e, 32a-32e) each
having a side surface on which a sensing ele-
ment is provided, each sensor designed to
sense one or more parameters, and disposed
within the implantable housing such that the plu-
rality of sensors (12a-12e, 32a-32e) are ar-
ranged in a perpendicular fashion in which each
sensor is aligned perpendicularly relative to the
sensor adjacent to it;
the implantable housing having a plurality of ap-
ertures (20, 40) , with each aperture positioned
in communication with one of the sensors;
a tip (16, 35); and
an interconnect (18, 38) for the plurality of sen-
sors.

2. Apparatus in accordance with claim 1, wherein the
apertures (20, 40) permit physical or other contact
between body fluids and the sensing elements lo-
cated on each of the plurality of sensors (12a-12e,
32a-32e).

3. Apparatus in accordance with any preceding claim,
wherein at least one of the plurality of sensors (12a-
12e, 32a-32e) is designed to sense a biological or
physiological parameter.

4. Apparatus in accordance with claim 3, wherein said
biological or physiological parameter is selected
from the group consisting of: blood oxygen satura-
tion; blood pressure; blood temperature; and blood
pH.

5. Apparatus in accordance with any preceding claim,
wherein at least one of the plurality of sensors (12a-
12e, 32a-32e) is designed to sense an analyte.

6. Apparatus in accordance with claim 5, wherein said
analyte is selected frc m the group consisting of: glu-
cose; lactate; potassium; pH; sodium; pCO > 2; p02;
Sv02; pv02; temperature; and urea.

7. Apparatus in accordance with any preceding claim,
wherein each of the plurality of sensors (12a-12e,
32a-32e) is designed as an electrochemical sensor,

a potentiometric sensor, a current sensor, a physical
quantity sensor, an optical sensor or other type of
sensor.

8. Apparatus in accordance with any preceding claim,
wherein the plurality of sensors (12a-12e) are daisy-
chained together via the interconnect (18).

9. Apparatus in accordance with any preceding claim,
wherein each of the plurality of sensors (12a-12e)
includes an analog-to-digital(A/D) converter inte-
grated circuit and a power supply for powering the
integrated circuit, such that the sensors may be dig-
itally addressed.

10. Apparatus in accordance with claim 9, connected to
a remote device arra iged to individually address
each of the plurality of sensors (12a-12e).

11. Apparatus in accordance with any one of claims 1
to 7, wherein the plurality of sensors (32a-32e) are
arranged to operate independently of one another
and are individually wired.

12. Apparatus in accordance with any preceding claim,
wherein each of the plurality of sensors (32a-32e)
has a respective wire connected to it that is routed
out of the housing (34) such that the interconnect
(38) comprises a plurality of wires.

13. Apparatus in accordance with any preceding claim,
wherein each of the p urality of sensors (32a-32e) is
arranged to transmit or receive an analog signal.

14. Apparatus in accordance with any one of claims 1
to 7, wherein a plurality of interconnects are inde-
pendently connected to a respective one of the sen
sing elements.

15. Apparatus in accordance with any one of claims 1
to 7, wherein a plurality of said sensors are daisy-
chained and individually addressable, and a plurality
are individually wired.

16. Apparatus in accordance with any preceding claim,
wherein the plurality of sensors is operable through
electrical communication with an external controller
(152) via the interconnect.

17. Apparatus in accordance with claim 16, wherein the
external controller is external to the implantable
housing of the plurality of sensors.

18. Apparatus in accordance with any preceding claim
wherein the housing (14, 34) is a flexible catheter,
adapted for vascular placement.

19. Apparatus in accordance with any one of claims 1
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to 17, wherein the housing (14, 34) is one lumen of
a multi-lumen catheter.

20. Apparatus in accordance with any one of claims 1
to 17, wherein the housing (14, 34) is part of a central
venous line or sheath.

21. Apparatus in accordance with any preceding claim,
wherein the tip (16, 36) is ogive-shaped.

22. Apparatus in accordance with any one of claims 1
to 20, wherein the tip (16, 36) comprises a structure
adapted to allow the tip to be fixed into tissue.

23. Apparatus in accordance with any preceding claim
in combination with an extracorporeal membrane ox-
ygenation, i.e. ECMO, system, the apparatus being
positioned in the ECMO system.

24. Apparatus in accordance with any one of claims 1
to 22, in combination with a device connected to the
interconnect, the device being from the group con-
sisting of:

analytical device; computer; controller; and an-
alyzer.

25. A method of sensing multiple parameters compris-
ing:

providing a multi-parameter sensing apparatus
in accordance with any or e of claims 1 to 22;
arranging the housing at a single sensing site
outside the body; and reading an output from at
least one of the sensing elements,
wherein a plurality of parameters are read from
the sensor at the single site.

26. A method in accordance with claim 25, wherein the
single sensing site is in an extracorporeal membrane
oxygenation, i.e. ECMO, system.

27. The method of any one of claims 25 to 26, wherein
reading an output from at least one of the sensing
elements comprises reading an output from a ser
sing element that responds to at least one of the
group consisting of: lactate; glucose; temperature;
potassium; and pH.

28. A non-diagnostic method of evaluating a patient
comprising:

sensing multiple parameters using a method in
accordance with any one cf claims 25 to 27; and
evaluating the patient based on the output read
from the at least one sensing element.

29. A non-diagnostic method in accordance with claim

28, wherein evaluating the patient comprises evalu-
ating the patient for at least one of the group con-
sisting of myocardial ischemia; myocardial infarc-
tion; angina; sepsis; septic shock; a patient receiving
extracorporeal membrane oxygenation.

Patentansprüche

1. Multi-Parameter-Messgerät (10, 30) mit:

einem implantierbaren Gehäuse (14, 34);
einer Vielzahl von Sensoren (12a-12e, 32a-
32e), wobei jeder eine Seitenfläche aufweist, an
der ein Messelement vorgesehen ist, wobei je-
der Sensor dazu bestimmt ist, einen oder meh-
rere Parameter abzufühlen, und innerhalb des
implantierbaren Gehäuses so angeordnet ist,
dass die Vielzahl von Sensoren (12a-12e, 32a-
32e) in einer senkrechten Weise angeordnet
sind, in der jeder Sensor in Bezug auf den Sen-
sor neben ihm senkrecht ausgerichtet ist;
wobei das implantierbare Gehäuse eine Viel-
zahl von Öffnungen (20, 40) aufweist, wobei je-
de Öffnung in Verbindung mit einem der Senso-
ren positioniert ist;
einer Spitze (16, 36); und
einem Zusammenschaltungselement (18, 38)
für die Vielzahl von Sensoren.

2. Gerät nach Anspruch 1, bei dem die Öffnungen (20,
40) physischen oder anderen Kontakt zwischen Kör-
perflüssigkeiten und den Messelementen zulassen,
die sich an jedem der Vielzahl von Sensoren (12a-
12e, 32a-32e) befinden.

3. Gerät nach einem der vorhergehenden Ansprüche,
bei dem mindestens einer aus der Vielzahl von Sen-
soren (12a-12e, 32a-32e) konzipiert ist, einen biolo-
gischen oder physiologischen Parameter abzufüh-
len.

4. Gerät nach Anspruch 3, bei dem der biologische
oder physiologische Parameter aus der Gruppe be-
stehend aus: Blutsauerstoffsättigung; Blutdruck;
Bluttemperatur; und Blut-pH ausgewählt ist.

5. Gerät nach einem der vorhergehenden Ansprüche,
bei dem mindestens einer aus der Vielzahl von Sen-
soren (12a-12e, 32a-32e) dazu bestimmt ist, einen
Analyten abzufühlen.

6. Gerät nach Anspruch 5, bei dem der Analyt aus der
Gruppe bestehend aus:

Glukose; Laktat; Kalium; pH; Natrium; pCO>2,
p02; Sv02; pv02; Temperatur; Harnstoff ausge-
wählt ist.
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7. Gerät nach einem der vorhergehenden Ansprüche,
bei dem jeder der Vielzahl von Sensoren (12a-12e,
32a-32e) als ein elektrochemischer Sensor, ein po-
tentiometrischer Sensor, ein Messwertaufnehmer
für eine physikalische Größe, ein optischer Sensor
oder eine andere Art von Sensor ausgestaltet ist.

8. Gerät nach einem der vorhergehenden Ansprüche,
bei dem die Vielzahl von Sensoren (12a-12e) über
das Zusammenschaltungselement (18) in Reihe ge-
schaltet sind.

9. Gerät nach einem der vorhergehenden Ansprüche,
bei dem jeder der Vielzahl von Sensoren (12a-12e)
einen Analog-zu-Digital-(A/D)-Wandler-Integrier-
ten-Schaltkreis und eine Stromversorgung zur Spei-
sung des integrierten Schaltkreises umfasst, sodass
der Sensor digital adressiert werden kann.

10. Gerät nach Anspruch 9, verbunden mit einem ent-
fernten Gerät, das geeignet ist, jeden aus der Viel-
zahl von Sensoren (12a-12e) individuell zu adres-
sieren.

11. Gerät nach einem der Ansprüche 1-7, bei dem die
Vielzahl von Sensoren (32a-32e) geeignet sind, un-
abhängig voneinander zu operieren und einzeln ver-
drahtet sind.

12. Gerät nach einem der vorhergehenden Ansprüche,
bei dem jeder aus der Vielzahl von Sensoren (32a-
32e) ein zugehöriges daran angeschlossenes Kabel
aufweist, das aus dem Gehäuse (34) geführt ist, so-
dass das Zusammenschaltungselement (38) eine
Vielzahl von Kabeln umfasst.

13. Gerät nach einem der vorhergehenden Ansprüche,
bei dem jeder der Vielzahl von Sensoren (32 a bis
32 e) geeignet ist, ein analoges Signal zu senden
oder zu empfangen.

14. Gerät nach einem der Ansprüche 1-7, bei dem eine
Vielzahl von Zusammenschaltungselementen unab-
hängig mit einem jeweiligen der Messelemente ver-
bunden ist.

15. Gerät nach einem der Ansprüche 1-7, bei dem eine
Vielzahl der Sensoren in Reihe geschaltet und indi-
viduell adressierbar sind und eine Vielzahl der Sen-
soren individuell verdrahtet sind.

16. Gerät nach einem der vorhergehenden Ansprüche,
bei dem die Vielzahl der Sensoren durch elektrische
Kommunikation mit einem externen Steuergerät
(152) über das Zusammenschaltungselement be-
treibbar ist.

17. Gerät nach Anspruch 16, bei dem das externe Steu-

ergerät außerhalb des implantierbaren Gehäuses
der Vielzahl von Sensoren ist.

18. Gerät nach einem der vorhergehenden Ansprüche,
bei dem das Gehäuse (14, 34) ein flexibler Katheter
ist, der zur Gefäßeinbringung geeignet ist.

19. Gerät nach einem der Ansprüche 1-17, bei dem das
Gehäuse (14, 34) ein Lumen eines Mehrlumenka-
theters ist.

20. Gerät nach einem der Ansprüche 1-17, bei dem das
Gehäuse ein Teil eines zentralen Venen Katheters
oder Umhüllung ist.

21. Gerät nach einem der vorhergehenden Ansprüche,
bei dem die Spitze (16, 36) spitzbogen-förmig ist.

22. Gerät nach einem der Ansprüche 1-20, bei dem die
Spitze (16, 36) eine Struktur umfasst, die geeignet
ist, zu erlauben, die Spitze im Gewebe zu verankern.

23. Gerät nach einem der vorhergehenden Ansprüche
in Kombination mit einem extrakorporalen Mem-
bran-Oxygenierungssystem, d.h. einem ECMO-Sy-
stem, wobei das Gerät in dem ECMO-System ange-
ordnet ist.

24. Gerät nach einem der Ansprüche 1-22 in Kombina-
tion mit einem Gerät, das mit dem Zusammenschal-
tungselement verbunden ist, wobei das Gerät aus
der Gruppe bestehend aus: einem Analysegerät; ei-
nem Computer; einem Steuergerät; und einem Ana-
lysator ist.

25. Verfahren zum Abfühlen multipler Parameter mit:

Bereitstellen eines Multi-Parameter-Messge-
räts nach einem der Ansprüche 1-22; Anordnen
des Gehäuses an einer einzelnen Messstelle
außerhalb des Körpers; und Lesen einer Aus-
gabe von mindestens einem der Messelemente,
wobei eine Vielzahl von Parametern von dem
Sensor an der einzelnen Stelle gelesen werden.

26. Verfahren nach Anspruch 25, bei dem die einzelne
Messstelle in einem extrakorporalen Membran-Oxy-
genierungssystem, d.h. einem ECMO-System, ist.

27. Verfahren nach einem der Ansprüche 25-26, bei
dem das Lesen einer Ausgabe von mindestens ei-
nem der Messelemente das Lesen einer Ausgabe
von einem Messelement umfasst, das auf minde-
stens eine Messgröße aus der Gruppe bestehend
aus: Laktat; Glukose; Temperatur; Kalium; und pH
anspricht.

28. Nicht-diagnostisches Verfahren zur Beurteilung ei-
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nes Patienten mit:

Abfühlen mehrerer Parameter unter Verwen-
dung eines Verfahrens nach einem der Ansprü-
che 25-27; und
Einschätzen eines Patienten auf der Basis der
Ausgabe, die von dem mindestens einen Mes-
selement gelesen wird.

29. Nicht-diagnostisches Verfahren nach Anspruch 28,
bei dem das Beurteilen des Patienten das Untersu-
chen des Patienten auf mindestens einen Zustand
aus der Gruppe bestehend aus: einer myokardischer
Ischämie, einem Herzinfarkt, einer Angina, einer
Sepsis, einem septischen Schock, einem Patienten,
der eine extracorporale Membran-Oxygenation er-
hält, umfasst.

Revendications

1. Appareil de détection multi-paramétrique (10, 30)
comprenant :

un boîtier implantable (14, 34) ;
une pluralité de capteurs (12a-12e, 32a-32e),
ayant chacun une surface latérale sur laquelle
est prévu un élément de détection, chaque cap-
teur étant conçu pour détecter un ou plusieurs
paramètres, et étant disposé à l’intérieur du boî-
tier implantable de telle sorte que la pluralité de
capteurs (12a-12e, 32a-32e) sont agencés
d’une manière perpendiculaire dans laquelle
chaque capteur est aligné perpendiculairement
par rapport au capteur qui lui est adjacent ;
le boîtier implantable ayant une pluralité
d’ouvertures (20, 40), chaque ouverture étant
positionnée en communication avec un des
capteurs ;
une pointe (16, 36) ; et
une interconnexion (18, 38) pour la pluralité de
capteurs.

2. Appareil selon la revendication 1, dans lequel les
ouvertures (20, 40) permettent un contact physique
ou d’une autre sorte entre des fluides corporels et
les éléments de détection situés sur chacun de la
pluralité de capteurs (12a-12e, 32a-32e).

3. Appareil selon l’une quelconque des revendications
précédentes, dans lequel au moins un de la pluralité
de capteurs (12a-12e, 32a-32e) est conçu pour dé-
tecter un paramètre biologique ou physiologique.

4. Appareil selon la revendication 3, dans lequel ledit
paramètre biologique ou physiologique est choisi
dans le groupe comprenant : saturation en oxygène
du sang ; pression du sang ; température du sang

et pH du sang.

5. Appareil selon l’une quelconque des revendications
précédentes, dans lequel au moins un de la pluralité
de capteurs (12a-12e, 32a-32e) est conçu pour dé-
tecter un analyte.

6. Appareil selon la revendication 5, dans lequel ledit
analyte est choisi dans le groupe comprenant :

glucose ; lactate ; potassium ; pH ; sodium ;
pCO > 2 ; p02 ; Sv02 ; pv02 ; température et
urée.

7. Appareil selon l’une quelconque des revendications
précédentes, dans lequel chacun de la pluralité de
capteurs (12a-12e, 32a-32e) est conçu comme un
capteur électrochimique ; un capteur potentiométri-
que, un capteur de courant, un capteur de quantité
physique, un capteur optique ou autre type de cap-
teur.

8. Appareil selon l’une quelconque des revendications
précédentes, dans lequel la pluralité de capteurs
(12a-12e, 32a-32e) sont connectés en guirlande les
uns aux autres via l’interconnexion (18).

9. Appareil selon l’une quelconque des revendications
précédentes, dans lequel chacun de la pluralité de
capteurs (12a-12e) comprend un circuit intégré de
convertisseur analogique-numérique (A/N) et une
source d’alimentation pour alimenter le circuit inté-
gré, de telle sorte que les capteurs puissent être
adressés numériquement.

10. Appareil selon la revendication 9, connecté à un dis-
positif distant conçu pour adresser individuellement
chacun de la pluralité de capteurs (12a-12e).

11. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel la pluralité de capteurs (32a-32e)
sont conçus pour fonctionner indépendamment les
uns des autres et sont câblés individuellement.

12. Appareil selon l’une quelconque des revendications
précédentes, dans lequel chacun de la pluralité de
capteurs (32a-32e) possède un fil respectif connecté
à celui-ci qui est acheminé hors du boîtier (34) de
telle sorte que l’interconnexion (38) comprenne une
pluralité de fils.

13. Appareil selon l’une quelconque des revendications
précédentes, dans lequel chacun de la pluralité de
capteurs (32a-32e) est conçu pour transmettre ou
recevoir un signal analogique.

14. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel une pluralité d’interconnexions
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sont connectées indépendamment à l’un respectif
des éléments de détection.

15. Appareil selon l’une quelconque des revendications
1 à 7, dans lequel une pluralité desdits capteurs sont
connectés en guirlande et adressables individuelle-
ment et dans lequel une pluralité sont câblés indivi-
duellement.

16. Appareil selon l’une quelconque des revendications
précédentes, dans lequel la pluralité de capteurs
peuvent être actionnés grâce à une communication
électrique avec un contrôleur externe (152) via l’in-
terconnexion.

17. Appareil selon la revendication 16, dans lequel le
contrôleur externe est externe au boîtier implantable
de la pluralité de capteurs.

18. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le boîtier (14, 34) est un
cathéter flexible, conçu pour une mise en place vas-
culaire.

19. Appareil selon l’une quelconque des revendications
1 à 17, dans lequel le boîtier (14, 34) est une lumière
d’un cathéter à lumières multiples.

20. Appareil selon l’une quelconque des revendications
1 à 17, dans lequel le boîtier (14, 34) fait partie d’une
ligne ou d’une gaine de veine centrale.

21. Appareil selon l’une quelconque des revendications
précédentes, dans lequel la pointe (16, 36) est en
forme d’ogive.

22. Appareil selon l’une quelconque des revendications
1 à 20, dans lequel la pointe (16, 36) comprend une
structure conçue pour permettre à la pointe d’être
fixée dans un tissu.

23. Appareil selon l’une quelconque des revendications
précédentes en combinaison avec un système
d’oxygénation par membrane extracorporelle c’est-
à-dire OMEC, l’appareil étant positionné dans le sys-
tème OMEC.

24. Appareil selon l’une quelconque des revendications
1 à 22, en combinaison avec un dispositif relié à l’in-
terconnexion, le dispositif faisant partie du groupe
comprenant : dispositif analytique ; ordinateur ; con-
trôleur et analyseur.

25. Procédé de détection multi-paramétrique
comprenant :

la fourniture d’un appareil de détection multi-pa-
ramétrique selon l’une quelconque des reven-

dications 1 à 22 ; l’agencement du boîtier en un
site de détection unique à l’extérieur du corps ;
et la lecture d’une sortie à partir d’au moins l’un
des éléments de détection,
dans lequel une pluralité de paramètres sont lus
à partir du capteur au site unique.

26. Procédé selon la revendication 25, dans lequel le
site de détection unique est un système d’oxygéna-
tion par membrane extracorporelle, c’est-à-dire
OMEC.

27. Procédé selon l’une quelconque des revendications
25 à 26, dans lequel la lecture d’une sortie d’au moins
un des éléments de détection comprend la lecture
d’une sortie à partir d’un élément de détection qui
répond à au moins un du groupe comprenant :
lactate ; glucose ; température ; potassium et pH.

28. Procédé non diagnostique d’évaluation d’un patient,
comprenant :

la détection de paramètres multiples en utilisant
un procédé selon l’une quelconque des reven-
dications 25 à 27 ; et l’évaluation du patient sur
la base de la sortie lue à partir d’au moins un
élément de détection.

29. Procédé non diagnostique selon la revendication 28,
dans lequel l’évaluation du patient comprend l’éva-
luation du patient pour au moins un des états du
groupe comprenant l’ischémie myocardique ; l’in-
farctus du myocarde ; l’angine de poitrine ; la
sepsie ; le choc septique ; un patient soumis à une
oxygénation par membrane extracorporelle.
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