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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to monitoring a
patient’s cardiopulmonary function and blood condition,
and particularly to an apparatus for monitoring the per-
formance of a patient’s heart and lungs during and fol-
lowing thoracic surgery.

[0002] Cardiac output means the volume rate at which
the heart pumps blood. The cardiac output is important
to a clinician as an indication of how well a person’s heart
is able to function. Using conventional techniques and
available apparatus it is difficult and costly to evaluate a
patient’s cardiac output and respiratory efficiency, and
the process cannot be performed as quickly as desirable.
Following surgery, and particularly heart surgery, it would
be advantageous to be able to determine quickly and
frequently how well a patient’s heart and lungs are per-
forming in delivering oxygenated blood to the patient’s
tissues in relation to how quickly the same tissues are
removing the oxygen with which they are being supplied.
[0003] To accurately determine the efficiency of the
heart and lungs relative to the body’s need for oxygen it
is advantageous to analyze the percentage of oxygen
saturation of hemoglobin (hereinafter simply called oxy-
gen saturation) in mixed venous blood, as found in the
pulmonary artery. Itis also advantageous, and even more
accurate in assessing a person’s cardiac function, to
compare the oxygen saturation of blood in the pulmonary
artery with oxygen saturation in freshly oxygenated
blood, as found in the aorta. In the past it has been nec-
essary to chemically analyze drawn samples of blood to
evaluate blood oxygen saturation levels accurately. Such
analysis is costly, and it has usually not been practical
to obtain such blood samples.

[0004] It is known to approximately evaluate the per-
centage of saturation of hemoglobin by oxygen(oxygen
saturation) of the blood in peripheral tissues by use of an
external sensor involving a light source and a receptor
and evaluating the blood’s effect on transmission of light
through tissues immediately below the skin of an external
part of a patient’s body, such as the ear lobe, nose or
finger. Such external sensors, known as oximeters, are
available, for example, from Nellcor of Pleasanton, Cal-
ifornia. A measurement obtained using such a device
can be used to evaluate major changes in arterial blood
oxygenation, but does not provide enough information
for determining a patient’s cardiac output, since it does
not provide enough information regarding oxygen extrac-
tion or utilization by tissues and thus is not a good enough
tool for valid evaluation of a patient’s cardiopulmonary
function during and after cardiac surgery.

[0005] Catheters equipped with light-emitting and re-
ceiving sensors can be placed within the blood flowing
through the pulmonary artery itself. Such sensors, when
thus residing in the bloodstream, can be used to measure
oxygen saturation in mixed venous blood. This is a rela-
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tively invasive procedure, however, and can be used for
only alimited time, after which the sensors would become
covered with protein deposits from the blood and would
thereby lose their sensitivity.

[0006] There is no currently available implantable de-
vice that remains separate from and outside the flow of
blood for measuring oxygen saturation in blood without
blood samples having to be drawn for analysis.

[0007] What is desired, then, is to be able to measure
various blood characteristics, such as to analyze the level
of blood oxygen saturation and the levels or concentra-
tions of other blood components, including potassium,
lactate, glucose, pH, hemoglobin or hematocrit (red blood
cell volume percentage), to be able to determine those
aspects of blood condition rapidly and repeatedly during
and following a surgical procedure and for a period of
time thereafter, and to do so at a cost which is less than
the cost for repeatedly drawing and chemically analyzing
or microscopically examining blood samples. Additional-
ly, it is desirable to be able to monitor such blood char-
acteristics over a long term in some persons.

[0008] US 6,122,536 discloses an implantable sensor
system in which a body portion provides a channel to
receive a blood vessel, the body portion carrying a plu-
rality of sensors each comprising an infra-red emitter and
infra-red receptors facing into the channel such that the
receptors receive infra-red radiation which has passed
through the walls of the blood vessel and through the
blood flowing therein.

SUMMARY OF THE INVENTIONS

[0009] According tothe presentinvention, there is pro-
vided apparatus in accordance with claim 1 herein.
[0010] In embodiments of the invention, electronically
operated sensors are utilized to determine or evaluate
certain characteristics of blood in certain major thoracic
blood-containing structures, including particularly the
pulmonary artery or the aorta of a mammal, particularly
a human patient, and to obtain the desired information
regarding those blood characteristics substantially in-
stantaneously, without having to withdraw blood from the
patient’s body to analyze it. By measuring a characteristic
such as oxygen saturation of hemoglobin of blood in cer-
tain blood vessels or portions of the heart the patient’s
pulmonary function can be evaluated. By measuring the
level of oxygen saturation of the hemoglobin in mixed
venous blood such as is found in the pulmonary artery,
a reasonable estimate of cardiac function can be de-
duced.

[0011] By comparing the level of oxygen saturation of
the hemoglobin in the mixed venous blood, such as is
found in the pulmonary arteries, or in non-mixed venous
blood such as is found in the superior or inferior vena
cava, with the level of oxygen saturation in recently ox-
ygenated blood, as may be found in the aorta or the left
atrium, the efficiency of a patient’s heart and lungs rela-
tive to the body’s extraction of oxygen from the blood can
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be evaluated quickly and easily, so that a clinician can
determine what, if any, intervention may be necessary
for improvement of the patient’s condition.

[0012] In addition, such an evaluation of the patient’s
condition on a repeated basis during and immediately
after cardiac surgery can inform health care personnel
whether a patient is satisfactorily enduring a surgical pro-
cedure and whether the patient’s heart, lungs and other
organs are performing as expected during recovery from
surgery. Similarly, such repeated evaluation can inform
health care experts as to whether devices such as an
artificial heart or a ventricular assist device is providing
the body with enough oxygenated blood. Such repeated
evaluations could be used to signal such a support de-
vice, or a cardiac pacemaker, to increase or decrease its
rate of operation in order to accommodate the variations
in oxygen requirements of the body during exercise as
compared with rest. By measuring and comparing the
level of oxygen saturation of the hemoglobin of the blood
in various parts of the heart or in various other blood
vessels near the base of the heart various imperfections
such as an inefficient part of lung, or an abnormal non-
physiologic leak or "shunt" between the chambers of the
heart, may be detected and surgical repair thereof may
be evaluated.

[0013] In one use of an apparatus embodying the
present invention, a sensor carrier is utilized to hold one
or more sensors respectively adjacent the heart or one
of the major blood vessels such as the pulmonary artery,
the aorta or the vena cava, preferably at the location
where the pulmonary artery and the aorta are located
closely alongside each other above the heart. The sen-
sors, located on opposite faces of a ribbon-like sensor
carrier, may be placed between the aorta and the pulmo-
nary artery and alongside the respective blood vessel.
[0014] Surgical provision of a space to receive the sen-
sors between the aorta and the pulmonary artery may be
provided by making an appropriate incision through the
connective tissue between those blood vessels and, op-
tionally, extending along the right branch of the pulmo-
nary artery toward the posterior side of the superior vena
cava.

[0015] One preferred sensor includes a remotely con-
trolled and electrically powered light emitter, an electronic
light receptor and associated electronic circuitry for eval-
uating the light that originated from that light emitter after
the light has passed through the patient’s blood. By using
the receptor to measure the remaining light received after
emission of known intensities and wavelengths of light
and passage of that light through the wall of a blood ves-
sel and through the blood within the blood vessel, the
quantity of certain elements and compounds as constit-
uents of the blood can be determined by comparison of
the measurement of received light with known data. This
can be accomplished instantaneously by the use of ap-
propriately programmed electronic computers, which are
necessary to but whose details are not an integral part
of the present invention.
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[0016] In addition to or instead of visible light, various
forms of energy such as ultrasound, electromagnetic ra-
diation at various radio frequencies, and light of wave-
lengths outside the visible spectrum, may be used by an
appropriate sensor to evaluate one or more qualities of
a patient’s blood.

[0017] Although such sensors for analyzing the blood
may be utilized separately and,temporarily placed or per-
manently implanted, they may also be associated with
and used advantageously in connection with other de-
vices, such as heart pacing leads, ventricular assist de-
vices, implanted artificial hearts, and chest drains.
[0018] The foregoing and other objectives, features,
and advantages of the invention will be more readily un-
derstood upon consideration of the following detailed de-
scription of the invention, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0019]

FIG. 1 is a frontal view of a person in whom an ap-
paratus according to one embodiment of the inven-
tion is being used to evaluate the person’s cardiop-
ulmonary function, together with a block diagram of
part of the apparatus.

FIG. 2 is a view showing the anterior side of a human
heart together with a sensor carrier in place accord-
ing to the present invention, and also showing some
ofthe major blood vessels that interconnect the heart
with the lungs and other body parts.

FIG. 3is a simplified sectional view of the major blood
vessels above the heart, taken along line 3-3 in FIG.
2, and showing the sensor carrier in place adjacent
those blood vessels.

FIG. 4 is a simplified sectional view of the heart and
major blood vessels shown in FIG. 2, taken along
line 4-4, with the sensor carrier in place.

FIG. 5 is a perspective view of the sensor carrier
shown in FIGS. 2, 3 and 4.

FIG. 6 is a view of the sensor carrier shown in FIG.
5taken in the direction indicated by line 6-6 in FIG. 5.
FIG. 7 is a sectional view of the sensor carrier shown
in FIGS. 2-6, taken on line 7-7 of FIG. 6.

FIG. 8is a perspective view similarto FIG. 5, showing
a sensor carrier that is an alternative embodiment of
the apparatus according to the invention.

FIG. 9is a view similar to FIG. 2, showing the sensor
carrier shown in FIG. 8 in place adjacent a patient’s
heart.

FIG. 9A is a view similar to FIG. 2, showing the use
of a pair of separate sensor carriers adjacent to a
patient’s heart.

FIG. 10 is a view similar to FIG. 3, taken along line
10-10 of FIG. 9, showing the sensor carrier shown
in FIG. 8 in place adjacent a patient’s heart.



5 EP 1 558 133 B1 6

FIG. 11is a perspective view, similarto FIG. 5, show-
ing a sensor carrier that is another embodiment of
the apparatus of the present invention.

FIG.12is aviewsimilarto FIG. 4, showing the sensor
carrier shown in FIG. 11 in place adjacent a patient’s
heart.

FIG. 13 is a view of a sensor carrier protected by a
flexible tube attached to a support member and ex-
tending outward from a surgical opening.

FIG. 14 is a view of a sensor carrier according to the
present invention with a chest drain tube supporting
a sensor conductor cable.

FIG. 15 is a view of a sensor carrier according to the
present invention together with a sensor conductor
cable with which cardiac pacing leads and electrodes
are associated.

FIG. 16 is a view of a sensor carrier and sensor con-
ductor cable according to the present invention to-
gether with a ventricular assist device and a set of
cardiac pacing leads.

FIG. 17 is a view of an implanted artificial heart show-
ing the placement of a sensor carrier according to
the presentinvention adjacent the patient’'s aortaand
pulmonary artery.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0020] Referring now to FIGS. 1-7 of the drawings
which form a part of the disclosure herein, a blood con-
dition monitor 20 includes an implantable sensor section
22 and an electronics portion, or control unit 24, which
may include an electronic controller and processor pack-
age 26 and an associated output data display section 28.
The sensor section 22 of the blood condition monitor 20
includes a sensor carrier 30 and associated non-invasive
sensors 32 and 34 used to quickly and conveniently de-
termine the condition of a patient’s blood without the need
to withdraw blood samples from the patient.

[0021] The control unit 24 shown in simplified form in
FIGS. 1-2 includes an electronic emitter signal generator
portion 38, an electronic receptor signal receiver portion
40, and the output data display section 28. Preferably,
the control unit 24 is provided as a self-contained unit
incorporating suitable integrated circuit logic and data
handling components to accept user instructions and pro-
vide for control of operation of the blood character monitor
20, and to provide signals to the output data display 28,
which may include a suitable LCD array or other displays,
to indicate the blood characteristics and constituent val-
ues determined by the device.

[0022] The sensor section 22, as shown in FIGS. 2-7,
includes a sensor carrier 30, connected electrically to a
suitable cable 44 that can be left extending out through
a patient’s abdominal or chest wall to the control unit 24
after the completion of thoracic surgery, as shown in FIG.
1. Alternatively, if a sensor carrier 30 is to be left in place
for an extended time, a control unit 24a equipped to com-
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municate percutaneously with an external unit 24b shown
in simplified form, may be implanted in the patient, as
shown broken line in FIG. 1. Thus, In one version of the
apparatus disclosed herein, a sensor carrier 30 with a
set of sensors 32, 34, etc., may be implanted in a patient,
to be left in place for an extended period of time. In such
a case the cable 44 including the sensor conductors may
extend to a control and power package including a com-
munication module (not shown) implanted within the pa-
tient. Known devices (not shown) depending, for exam-
ple, on electromagnetic coupling and digital signal trans-
mission, may be utilized in connection with such a com-
munication module to monitor the patient’s blood condi-
tion periodically.

[0023] The sensor carrier 30 is preferably constructed
of inert and suitably flexible elastomeric material such as
a molded rubberlike thermoplastic material in the form of
a ribbon-like strip, having a thickness 46 small enough
to allow the sensor carrier 30 to be placed in the space
that can be made available adjacent to the major thoracic
blood-containing structures in which a characteristic of
blood is to be sensed, for example, about 6 mm. At least
a sensor 32, and preferably at least a pair of sensors 32
and 34 are located on the sensor carrier 30 in respective
positions as shown in FIGS. 2-6. Thus, the sensor 32 is
on a first face of the sensor carrier 30, mounted in the
layer 47 of material while the sensor 34, if present, is
located on the opposite, or second, face of the sensor
carrier mounted in the layer 49, and the sensors 32, 34
are directed oppositely outward from the faces on which
they are located. Each of the sensors 32, 34 is located
adjacentand preferably in contact with a respective major
blood vessel or a portion of the heart 48 when the sensor
carrier 30 is located properly, as shown in FIGS. 2 and
3. While two sensors 32 and 34 may thus be located on
opposite faces of the sensor carrier 30 they may both be
on the same face of the sensor carrier 30, so as to sense
two different characteristics of blood in one blood vessel.
[0024] For ease of collective reference, the term major
thoracic blood-containing structures will be used to refer
to any or all of the major veins, arteries, and portions of
the heart adjacent to which the sensor carrier 30 or a
variation thereof can be used, namely: the aorta, includ-
ing the ascending aorta, the aortic arch, and the descend-
ing aorta, the main pulmonary artery and the right and
left pulmonary arteries, the right and left carotid arteries,
therightand left subclavian arteries, the inominate artery,
the inferior vena cava, the superior vena cava, the pul-
monary veins, the brachiocephalic vein, the azygous
vein, and the left atrium and the right atrium of the heart.
[0025] Preferably, each sensor 32, 34 includes a re-
spective emitter portion 50 or an array of such emitter
portions 50, as will be explained presently, and a receptor
portion 52 or an array of such receptor portions 52, which
may be closely associated with each other or spaced
slightly apart from each other, depending on the partic-
ular type of sensor utilized to determine a particular char-
acteristic of the patient’s blood.
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[0026] The emitter 50 of a sensor 32 or 34 may include
one or more electrically powered and controlled light-
emitting components such as light-emitting diodes, de-
signed to emit light in one or more selected wavelengths.
Light in wavelengths outside the humanly visible spec-
trum, such as infrared and ultraviolet light, may be useful.
Preferably, a sheet or layer 53 of flexible material sub-
stantially opaque to the light or other form of energy emit-
ted by the emitters 50 is present in the sensor carrier 30
or 30’, as shown best in FIG. 7, to prevent sensors in the
opposite faces from interfering with each other. The sen-
sor carrier 30 or 30’, including the sensors 32, 34, etc.,
may be protected by a sterilizable layer 55 of flexible
plastic or rubberlike material that is transparent to the
type of light or other energy utilized by the sensors 32,
34, etc. The sensor carrier 30 or 31 may also be provided
with a thin coating 59 of a hydrophilic material to facilitate
its placement and removal.

[0027] The receptor 52 in each sensor 32, 34, etc.,
may include a suitable light-sensitive electronic compo-
nent such as a photo-diode or other opto-electric device
capable of measuring an amount of received light in a
selected wavelength range and producing an electrically
detectable result such as a change in voltage or current.
As shown in FIGS. 3-7, each receptor 52 should be prop-
erly located in the sensor 32 or 34 to be able to detect
light that has been emitted from a respective emitter 50
and that has then passed through the wall of the intended
blood vessel, through a portion of the blood contained
within the blood vessel, and again through the wall of the
blood vessel into the receptor 52. Thus, the receptor 52
may be closely alongside the corresponding emitter 50,
oritmay be separated from the emitter 50 along the blood
vessel by some distance, or it may be located far enough
from the emitter 50 to be located on an opposite side of
the blood vessel whose blood is being examined, with a
part of the sensor carrier 30 being wrapped partway
around the blood vessel.

[0028] It is desirable to evaluate blood at or near the
same time in each of the separate blood vessels where
the sensors 32, 34, etc., are located, but some amount
of time between measurements in the separate blood
vessels is generally not critical in measuring the various
components and characteristics of the blood, and meas-
urements made within a minute or two can be considered
to be substantially simultaneous. The closer together in
time measurements are made of the blood in different
blood vessels or parts of the heart, the more accurate
the resulting evaluation of cardiac or cardiopulmonary
function will be, but even measurements made an hour
apart can be useful for comparisons.

[0029] The sensor carrier 30 is most preferably in-
stalled between the aorta 54 and the main pulmonary
artery 56, and extending along the right pulmonary artery
in contact with both, in a space which must be created
surgically, by dissecting connective tissue that ordinarily
binds together several major blood vessels near their
points of conjunction with the base of the heart 48. The
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sensor carrier 30 may instead lie alongside or extend
partially around the aorta 54 or pulmonary artery 56 as
shown in FIG. 9, or there may be two separate sensor
carriers 30, as shown in FIG. 9A, with each carrier 30
located in contact with a separate major thoracic blood-
containing structure. For example, one sensor carrier 30
may be located in contact with the aorta 54 while the
other is located in contact with the left atrium 67.
[0030] Suitable tabs or ears 57 may be provided on
the sensor carrier 30, as shown in FIG. 5, as convenient
places to attach sutures to hold the sensor carrier 30 in
place, although sutures may be deemed unnecessary in
many cases. Suitable sutures may be fastened through
the ears 57 to attach the sensor carrier to the adventitia
of the aorta 54, the pulmonary artery 56, or another major
blood vessel to retain the sensor carrier in a required
position during surgery and for a subsequent period of
time after which the sensor carrier 30 can be removed
by pulling it out, breaking the sutures, without endanger-
ingthe patient. It may also be desirable to keep the sensor
carrier 30 in place for an extended time to facilitate long-
term monitoring of the blood and to provide data useful
for controlling a ventricular assist device, an artificial
heart or a pacemaker.

[0031] As shown in FIGS. 2 and 3, the sensor 32 is
located properly on the sensor carrier 30 to be able to
evaluate a chosen characteristic of the blood in the pa-
tient’s aorta 54, while the sensor 34 is located on the
sensor carrier 30 in an appropriate position to be able to
evaluate a characteristic of the patient’s blood in the main
pulmonary artery 56 substantially simultaneously. The
sensor 34 might, instead, be located in a position better
adapted to evaluate blood in one of the left and right
branches 58, 60 of the pulmonary artery, if desired.
[0032] A third sensor 36 may also be provided in an
alternative sensor carrier 30’, as shown in FIG. 8. The
third sensor 36 is located on the same face of the carrier
30’ as the sensor 34 so as to evaluate a chosen charac-
teristic of the blood in the patient’s superior vena cava
62, as shown in FIGS. 9 and 10, when the sensor carrier
30’ is properly located with respect to the patient’s heart
48. Placement of the sensor carrier 30’ also requires that
a space posterior and adjacent to the superior vena cava
be created by cutting through or into a portion of the as-
sociated connective tissue between the superior vena
cava and the right pulmonary artery. Similarly, using an
appropriate sensor carrier, sensors may be placed adja-
cent the inferior vena cava.

[0033] As shown in FIGS. 11 and 12, a sensor carrier
30" may include a ribbon-like branch portion 66 carrying
a sensor 33 to sense selected characteristics of blood in
the left atrium instead of, or in addition to, sensing the
blood in the aorta 54. As shown in FIG. 12, the branch
66 of the sensor carrier 30" is placed on the exterior of
the dome 67 of the left atrium of the heart 48 in position
to emit energy into and receive energy from blood in the
left atrium through its dome. Alternatively, the branch 68
can be placed effectively against the pulmonary veins
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near their points of entry into the left atrium. An appro-
priately shaped sensor carrier (not shown) can also be
used in a similar manner to place such sensors adjacent
to the right atrium or another structure of the heart.
[0034] Suitable electrical conductors such as small,
flexible, insulated wires or pairs of wires 64, 68 (FIGS.
5, 8) extend from each sensor 32, 34 or 36 along the
body of the sensor carrier 30 through the cable 44. It will
be understood that there may be a different number of
such conductors, depending on the structures of the par-
ticular sensors 32, 34, and the wires 64, 68 are merely
representative of one possibility. The wires 64, 68 of the
cable 44 are connected electrically to the control unit 24
outside the patient’s body by suitable connectors such
as, for example, a plug and socket combination 70 (FIG.
1). The conductors 64 may thus carry control signals and
power from the control unit 24 to the emitter 50 to cause
it to transmit energy in a suitable form, such as a pulse
of light, toward an adjacent blood-containing structure.
The conductors 68 may carry electricity between the con-
trol unit 24 and the receptor 52 to energize the receptor
52 and enable it to provide a signal to the signal receiver
portion 40 of the monitor 20, in response to detection of
the relevant form of energy.

[0035] Preferably, the emitters 50 can simultaneously
or sequentially emit quantities of light or another suitable
form of energy in two or more discrete wavelengths or
frequencies. The receptors 52, in turn, are sensitive to
the same form of energy and function to receive portions
of the energy transmitted by the emitters 50 and not ab-
sorbed in the blood and surrounding tissues. The recep-
tors 52 thus receive some of the emitted energy that has
been conducted or reflected by the blood and blood ves-
sel walls in wavelengths or frequencies including those
radiated by the emitter. It may also be necessary or de-
sirable for a receptor 52 to be sensitive to light of a dif-
ferent wavelength in order to detect, for example, fluo-
rescence of a substance added to the patient’s blood as
an identifier, in response to energy emitted from the ap-
propriate emitter 50.

[0036] Simultaneous or sequential emission and re-
ception of and evaluation of light of three different wave-
lengths can reduce or eliminate ambiguity in interpreting
the condition of blood being evaluated by a particular one
of the sensors 32, 34, 36. A particular combination of
levels of transmission or reflectance of light of different
wavelengths by the blood can be interpreted reliably as
an indication of a certain level of concentration of a par-
ticular blood constituent, or of a particular value of, a
blood characteristic of interest.

[0037] It is particularly desirable to determine the ox-
ygen saturation level of the blood, that is, the percentage
of saturation by oxygen of the hemoglobin component of
the blood, substantially simultaneously both in a blood
vessel such as the aorta 54, where freshly oxygenated
blood is present, and in a blood vessel, such as the pul-
monary artery 56, where mixed venous blood, whose ox-
ygen content is naturally lower than that of the blood in
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the aorta, is present. By determining and comparing the
oxygen saturation level of the freshly oxygenated blood,
as in the aorta 54, and of the mixed venous blood, as in
the pulmonary artery 56, the patient’s cardiopulmonary
performance can be determined in accordance with the
Fick principle to calculate the patient’s cardiac output and
cardiac index.

[0038] Cardiac output or cardiac index can be used to
monitor whether a patient is generally dealing success-
fully with the stress of surgery.

[0039] By using the information made available by
sensing characteristics of blood in one of the major tho-
racic blood-containing structures it is also possible to di-
agnose, more specifically than has previously been pos-
sible, an abnormal shunt of blood, indicating an anatomic
or physiological deficiency within the heart or lungs. For
example, the percentage of oxygen saturation of blood
in the pulmonary artery or right atrium, left atrium, or aorta
can be compared with the percentage of oxygen satura-
tion of blood in other chambers of the heart to detect an
abnormal shunt of blood from one chamber to another.
As a further example, if the blood in the right atrium has
62 percent oxygen saturation and the blood in the aorta
has 100 percent oxygen saturation, but the blood in the
pulmonary artery has 85 percent oxygen saturation, there
is apparently a shunt from the left side to the right side
of the heart. Similarly, a shunt in the lungs could be in-
dicated by oxygen saturation less than 100 percent in
blood present in the left atrium. Such information can
also indicate whether surgery has successfully repaired
blood shunt conditions within a patient.

[0040] Lightabsorption, transmission, and reflectance
values of blood are known for lightin various wavelengths
directed into blood of various oxygen saturation levels.
These values can be stored as datain the microprocessor
26 in the blood monitor control unit 24. Signals from the
receptors 52 of the sensors 32, 34 located adjacent to
the aorta and the pulmonary artery can be interpreted by
the microprocessor 26 to periodically evaluate the per-
centage of oxygen saturation present in the aortic or
mixed venous blood.

[0041] Secondarily, the level of hemoglobin in the
blood or the percentage of the blood that is made up of
red blood cells, both of which affect the ability of the blood
to deliver oxygen to the cells, may similarly be evaluated
by the use of appropriate sensors 32, 34 transmitting light
in appropriate wavelengths into the blood contained in a
major blood vessel such as the aorta or the pulmonary
artery and using the receptors 52 to measure the light
that is returned from the aorta or pulmonary artery.
[0042] Specific non-invasive sensors 32, 34 and 36,
which may function similarly, can also be used in the
locations shown in FIGS. 2, 3, 4, 9, 9A and 10 to evaluate
the hemoglobin content, hematocrit, potassium content,
lactate content, glucose content, or pH of blood in a major
thoracic blood-containing structure such as the pulmo-
nary artery, the aorta or the superior vena cava by utilizing
emissions of the appropriate type of energy and subse-
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quent detection of quantities of that energy that has
passed through or been reflected by blood contained in
the particular blood-containing structure.

[0043] It should be understood that while the sensors
32, 34, 36 have been described as operating by meas-
uring transmission of light, such light need not be of fre-
quencies in the spectrum visible to humans. Additionally,
in order to measure certain characteristics or the
amounts of certain components of the blood it may be
desirable to add to the blood a chemical identifying agent
that can become attached chemically to certain blood
components. Such an identifier can cause fluorescence
varied inintensity in relation to the amount of such a blood
component, in response to light emitted in a particular
wavelength by a sensor.

[0044] Also, various sensors 32, 34 and 36 may be
utilized which emit and receive and evaluate the trans-
mission of ultrasound through blood contained in the re-
spective major thoracic blood-containing structure, or
which evaluate optical coherence resonance of the
blood, or which transmit and receive and evaluate the
interaction with the blood of energy other than visible
light, such as infrared light, ultraviolet light, radio frequen-
cy energy, for which the characteristics of absorption or
transmission through blood and blood vessel walls or a
measurable harmless effect on the blood can be utilized
to analyze the blood characteristic of concern.

[0045] For the use of sensors 32, 34 and 36 that may
be considered too expensive for disposal after a single
period of use or that cannot be sterilized without suffering
damage, the sensor carrier 30 or 30° may be enclosed
in a flexible sensor-protective sleeve 74 as shownin FIG.
13.

[0046] When itis intended to leave the sensor carrier
in place for a time after completion of surgery, the sensor
carrier may be interconnected through a cable 44’ that
may be attached to a support member such as a chest
drain tube, as shown in FIG. 14.

[0047] In some patients cardiac pacing leads 84 in-
cluding suitable electrodes 86 as shown in FIG. 15 may
be connected to the patient’s heart 48. In some cases
pacing is needed only temporarily, while in others im-
plantation of pacing leads is intended to be permanent.
The pacing leads 84 are preferably included in a cable
88 interconnected with the sensor carrier 30 or 30’ of an
implantable sensor section 22 as previously described
herein, and the sensor carrier 30 or 30’ can remain in
place adjacent the patient’s heart and associated major
blood vessels so long as the pacing leads 84 are in place.
[0048] Similarly, it may be desirable in certain patients
to have the sensor carrier 30 or 30’ and sensors 32, 34,
etc., disclosed herein remain substantially permanently
implanted. In such a situation, the electrical conductors
for the sensors 32, 34, etc., disclosed herein may be in-
cluded in a cable 88 together with pacing leads 84 as
shown in FIG. 15. An implantable communication and
power device as mentioned above may be connected
with the cable 88 and may be included with the power
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and control devices for a pacemaker, as a single implant-
ed package (not shown) including the ability to commu-
nicate percutaneously with a related external unit.
[0049] As a similar and somewhat related application,
the sensor carrier 30 and sensors 32, 34, etc., may be
implanted in a patient along with a ventricular assist de-
vice 90, as shown in FIG. 16, so that sensor-derived in-
formation, particularly cardiac output information, avail-
able as a result of the use of the sensors 32, 34, etc.,
may be utilized in connection with operation and control
of the ventricular assist device 90.

[0050] Referring now to FIG. 17, in the case of an im-
planted artificial heart 94, the patient’s blood condition
and the performance of the artificial heart 94 may be mon-
itored by use of the sensor carrier 30 and sensors 32,
34, etc., disclosed herein, since the artificial heart 94 will
be connected to the major blood vessels of the patient’s
own circulatory system. The control unit (not shown) for
the sensor 32, 34, etc., may also be associated with the
controller for the artificial heart.

[0051] The terms and expressions which have been
employed in the foregoing specification are used therein
as terms of description and not of limitation, and there is
no intention, in the use of such terms and expressions,
of excluding equivalents of the features shown and de-
scribed or portions thereof, it being recognized that the
scope of the invention is defined and limited only by the
claims which follow.

Claims

1. Apparatus for measuring a selected characteristic of
a patient’s blood, comprising :

(a) a sensor carrier (30);

(b) first and second sensors (32, 34) mounted
on said sensor carrier (30) and spaced apart
from each other by a predetermined distance,
each of said first and second sensors (32, 34)
having an emitter (50) and a receptor (52), said
sensor carrier (30) and said first and second
sensors (32, 34) all being small enough to be
placed within said patient's body cavity and
proximate said patient’s heart, each said emitter
(50) being adapted to transmit energy into blood
within an adjacent blood vessel, and the respec-
tive receptor (52) being sensitive to energy from
said emitter (50) that has passed through blood
inside said adjacent blood vessel, and each said
receptor (52) being capable of providing a re-
ceptor output signal representative of a level of
a selected characteristic of blood that has
passed through said blood inside a respective
one of first and second blood vessels, charac-
terised in that said sensor carrier (30) includes
an elongate ribbon-like member having a pair of
opposite faces and wherein the emitter (50) of
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each sensor (32, 34) is on the same face of the
elongate ribbon-like member as the receptor
(52) of that sensor (52), permitting substantially
simultaneous observation of blood in a first
blood vessel by said first sensor (32) and of
blood in a second blood vessel by said second
sensor (34).

The apparatus of claim 1, wherein said first sensor
(32) is directed outwardly from a first one of said pair
of opposite faces and said second sensor (34) is
directed outwardly from the other one of said pair of
opposite faces.

The apparatus of claim 2, wherein said sensor carrier
(30) includes an emission-opaque central layer (53)
located between said opposite faces and separating
said first (32) and second (34) sensors from each
other.

The apparatus of claim 1, wherein said sensor carrier
(30) has a coating (59) of a hydrophilic material.

The apparatus of any preceding claim wherein said
emitter (50) of one of said sensors (32, 34) is a radio
frequency transmitter and said receptor (52) of said
one of said sensors (32, 34) is a radio frequency
receiver.

The apparatus of any preceding claim wherein each
of said emitters (50) is an electrically driven light emit-
ter.

The apparatus of any preceding claim, wherein one
of said sensors (32, 34) includes a plurality of said
receptors (52), each of said receptors (52) measur-
ing reception of light in a different respective wave-
length and providing a respective signal represent-
ative thereof.

The apparatus of any preceding claim wherein at
least one of said sensors (32, 34) separately meas-
ures reception of lightin each of a plurality of different
wavelengths and provides a respective signal rep-
resentative of reception of light in each of said dif-
ferent wavelengths.

The apparatus of any preceding claim wherein one
of said sensors (32, 34) includes an ultrasound trans-
ducer.

The apparatus of any preceding claim wherein said
sensor carrier (30) includes a suture tab (57).

The apparatus of any preceding claim, including a
sterile protective sleeve (74) surrounding said sen-
sor carrier (30).
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The apparatus of any preceding claim, wherein said
sensor carrier (30) is of a flexible material.

The apparatus of any preceding claim including a
cable (88) including a plurality of cardiac pacing
leads (84), and wherein said sensors (32, 34) are
connected to a control unit (24) through said cable
(88).

The apparatus of any preceding claim including a
cable (88) associated with a ventricular assist device
(90), and wherein said sensors (32, 34) are connect-
ed electrically with a control unit (24) through con-
ductors included in said cable (88).

The apparatus of claim 13 or claim 14, wherein said
control unit (24) is connected electrically with a con-
trol unit of a ventricular assist device (90) thereby
providing to said ventricular assist device a signal
representative of a patient’s cardiac function.

The apparatus of any one of claims 13 or 14 wherein
said control unit (24) is connected electrically with a
control unit of a ventricular assist device (90) thereby
providing to said ventricular assist device a signal
representative of a patient’s cardiopulmonary func-
tion.

The apparatus of any one of claims 1 to 13, including
a cable (44) associated with an artificial heart (94),
and wherein said sensors (32, 34) are connected
electrically with a control unit through conductors in-
cluded in said cable (44).

The apparatus of claim 17 wherein said control unit
is connected electrically with a controller of an arti-
ficial heart (94), thereby providing to said control unit
of said artificial heart a signal representative of how
effectively said artificial heart is functioning.

The apparatus of any one of claims 1 to 13, including
a cable associated with a pacemaker, and wherein
said sensors (32, 34) are connected electrically with
a control unit through said cable.

The apparatus of any one of claims 1 to 13 or 19
wherein said control unit is connected electrically
with a control unit of a pacemaker thereby providing
to said pacemaker a signal representative of a pa-
tient’s cardiac function.

The apparatus of any preceding claim wherein said
sensors (32, 34) are connected electrically with a
control unit through a cable (44) attached to a me-
diastinal chest drain tube.

The apparatus of any preceding claim further includ-
ing a second sensor carrier (30) and a respective
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sensor (32, 34) mounted thereon capable of provid-
ing a receptor output signal representative of a level
of a respective selected characteristic of blood in an
adjacent blood-containing structure.

The apparatus of any preceding claim wherein each
of said sensors (32, 34) is connected functionally
with an implantable control unit equipped to commu-
nicate percutaneously with an external unit.

Patentanspriiche

1.

Gerat zum Messen einer ausgewahlten Eigenschaft
des Blutes eines Patienten, umfassend:

(a) einen Sensortrager (30);

(b) erste und zweite Sensoren (32, 34), die auf
dem Sensortrager (30) angebracht und durch
einen vorgegebenen Abstand voneinander be-
abstandet sind, wobei jeder von dem ersten und
zweiten Sensor (32, 34) einen Emitter (50) und
einen Rezeptor (52) aufweist, der Sensortrager
(30) und der erste und zweite Sensor (32, 34)
alle klein genug sind, um in einer Kérperhdhle
des Patienten und nahe am Herzen des Patien-
ten platziert zu werden, jeder Emitter (50) dazu
angepasstist, in das Blutin einembenachbarten
Blutgefal Energie zu Ubertragen und der ent-
sprechende Rezeptor (52) fir Energie von dem
Emitter (50) empfanglich ist, die durch das Blut
in dem benachbarten Blutgefal® geflossen ist,
und jeder Rezeptor (52) imstande ist, ein Re-
zeptorausgangssignal zuzusenden, das fir ei-
nen Spiegel einer ausgewahlten Eigenschaft
von Blut bezeichnend ist, die durch das Blut in
einem jeweiligen des ersten und zweiten Blut-
gefales hindurchgegangen ist, dadurch ge-
kennzeichnet, dass der Sensortrager (30) ein
langliches bandahnliches Element mit einem
Paar gegeniberliegender Flachen beinhaltet
und wobei der Emitter (50) jedes Sensors (32,
34) sich auf der gleichen Flache des langlichen
bandahnlichen Elements wie der Rezeptor (52)
jenes Sensors (52) befindet, was eine im We-
sentlichen gleichzeitige Beobachtung von Blut
in einem ersten Blutgefal durch den ersten Sen-
sor (32) und von Blutin einem zweiten Blutgefan
durch den zweiten Sensor (34) erlaubt.

Gerat nach Anspruch 1, wobei der erste Sensor (32)
von einer ersten des Paares gegenUlberliegender
Flachen nach auflien gerichtet ist und der zweite
Sensor (34) vonder anderen des Paares gegeniiber-
liegender Flachen nach aufden gerichtet ist.

Gerat nach Anspruch 2, wobei der Sensortrager (30)
eine emissionsundurchlassige mittige Schicht (53)
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beinhaltet, die sich zwischen den gegentberliegen-
den Flachen befindet und den ersten (32) und zwei-
ten (34) Sensor voneinander trennt.

Gerat nach Anspruch 1, wobei der Sensortrager (30)
eine Beschichtung (59) aus hydrophilem Material
aufweist.

Gerat nach irgendeinem vorhergehenden Anspruch,
wobei der Emitter (50) eines der Sensoren (32, 34)
ein Funkfrequenzsender und der Rezeptor (52) des
einen der Sensoren (32, 34) ein Funkfrequenzemp-
fanger ist.

Gerat nach irgendeinem vorhergehenden Anspruch,
wobei jeder der Emitter (50) ein elektrisch angesteu-
erter Lichtemitter ist.

Geratnach irgendeinem vorhergehenden Anspruch,
wobei einer der Sensoren (32, 34) mehrere der Re-
zeptoren (52) beinhaltet und jeder der Rezeptoren
(52) den Empfang von Licht in einer unterschiedli-
chen jeweiligen Wellenlange misst und ein jeweili-
ges Signal zufliihrt, das bezeichnend dafir ist.

Gerat nach irgendeinem vorhergehenden Anspruch,
wobei zumindest einer der Sensoren (32, 34) den
Empfang von Licht in jeder von mehreren unter-
schiedlichen Wellenlangen separat misst und ein je-
weiliges Signal zufiihrt, das fir den Empfang von
Licht in jeder der unterschiedlichen Wellenl&dngen
bezeichnend ist.

Geratnachirgendeinem vorhergehenden Anspruch,
wobei einer der Sensoren (32, 34) einen Ultraschall-
wandler beinhaltet.

Gerat nach irgendeinem vorhergehenden Anspruch,
wobei der Sensortrager (30) eine Wundnahtlasche
(57) beinhaltet.

Geratnach irgendeinem vorhergehenden Anspruch,
einschlieRlich einer sterilen Schutzhiilse (74), die
den Sensortrager (30) umgibt.

Geratnach irgendeinem vorhergehenden Anspruch,
wobei der Sensortrager (30) aus einem flexiblen Ma-
terial besteht.

Geratnachirgendeinem vorhergehenden Anspruch,
einschlieBlich eines Kabels (88), das mehrere Herz-
schrittmacherleitungen (84) beinhaltet und wobei die
Sensoren (32, 34) durch das Kabel (88) mit einer
Steuereinheit (24) verbunden sind.

Geratnachirgendeinem vorhergehenden Anspruch,
einschlieBlich eines Kabels (88), das einer ventriku-
laren Hilfsvorrichtung (90) zugeordnet ist, und wobei
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die Sensoren (32, 34) mit einer Steuereinheit (24)
durch in dem Kabel (88) eingeschlossene Leiter
elektrisch verbunden sind.

Gerat nach Anspruch 13 oder Anspruch 14, wobei
die Steuereinheit (24) mit einer Steuereinheit einer
ventrikuldren Hilfsvorrichtung (90) elektrisch ver-
bunden ist, wodurch der ventrikuldren Hilfsvorrich-
tung ein Signal zugefiihrt wird, das fir die Herzfunk-
tion eines Patienten bezeichnend ist.

Gerat nach irgendeinem der Anspriiche 13 oder 14,
wobei die Steuereinheit (24) mit einer Steuereinheit
einer ventrikularen Hilfsvorrichtung (90) elektrisch
verbunden ist, wodurch der ventrikularen Hilfsvor-
richtung ein Signal zugefiihrt wird, das fiir die kar-
diopulmonale Funktion des Patienten bezeichnend
ist.

Geratnachirgendeinem der Anspriiche 1 bis 13, ein-
schliel3lich eines Kabels (44), das einem kiinstlichen
Herzen (94) zugeordnet ist, und wobei die Sensoren
(32, 34) elektrisch mit einer Steuereinheit durch in
dem Kabel (44) eingeschlossene Leiter verbunden
sind.

Gerat nach Anspruch 17, wobei die Steuereinheit
mit einer Steuerung eines kinstlichen Herzens (94)
elektrisch verbunden ist, wodurch der Steuereinheit
des kunstlichen Herzens ein Signal zugeftihrt wird,
das dafur bezeichnend ist, wie wirksam das kiinstli-
che Herz funktioniert.

Geratnachirgendeinem der Anspriiche 1 bis 13, ein-
schlielllich eines Kabels, das einem Schrittmacher
zugeordnet ist, und wobei die Sensoren (32, 34)
durch das Kabel mit einer Steuereinheit elektrisch
verbunden sind.

Geratnachirgendeinemder Anspriiche 1 bis 13 oder
19, wobei die Steuereinheit mit einer Steuereinheit
eines Schrittmachers elektrisch verbunden ist, wo-
durch dem Schrittmacher ein Signal zugefihrt wird,
das fiir die Herzfunktion eines Patienten bezeich-
nend ist.

Geratnachirgendeinem vorhergehenden Anspruch,
wobei die Sensoren (32, 34) mit einer Steuereinheit
durch ein Kabel (44) elektrisch verbunden sind, das
an einem Mediastinal-Thoraxdrainageschlauch an-
gebracht ist.

Geratnachirgendeinem vorhergehenden Anspruch,
des Weiteren einschlieRlich eines zweiten Sensor-
tragers (30) und eines daran angebrachten jeweili-
gen Sensors (32, 34), der imstande ist, ein Rezep-
torausgabesignal zuzufiihren, das fiir einen Spiegel
einer jeweiligen ausgewahlten Eigenschaft von Blut
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in einer benachbarten, Blut enthaltenden Struktur
bezeichnend ist.

Geratnachirgendeinem vorhergehenden Anspruch,
wobei jeder der Sensoren (32, 34) funktionell mit ei-
ner implantierbaren Steuereinheit verbunden ist, die
dazu ausgestattet ist, perkutan mit einer externen
Einheit zu kommunizieren.

Revendications

1.

Appareil pour mesurer une caractéristique sélection-
née du sang d’un patient, comprenant :

(a) un support de capteurs (30) ;

(b) un premier et un deuxiéme capteurs (32, 34)
montés sur le support de capteurs (30) et espa-
cés I'un de l'autre selon une distance prédéter-
minée, le premier et le deuxiéme capteurs (32,
34) ayant chacun un émetteur (50) et un récep-
teur (52), le support de capteurs (30) et le pre-
mier et le deuxieme capteurs (32, 34) étant suf-
fisamment petits pour étre placés a l'intérieur
d’une cavité du corps du patient et se rapprocher
du coeur du patient, chaque émetteur (50) étant
adapté pour transmettre I'énergie du sang cir-
culant dans un vaisseau sanguin adjacent et le
récepteur respectif (52) étant sensible a I'éner-
gie du sang du vaisseau sanguin adjacent trans-
mise par I'émetteur (50), chaque récepteur (52)
étant en mesure d’envoyer un signal de sortie
de récepteur représentant un niveau d’une ca-
ractéristique sélectionnée du sang circulant
dans un premier et un deuxiéme vaisseaux san-
guins, se caractérisant par le fait que le sup-
port de capteurs (30) comporte un membre al-
longé ressemblant a un ruban ayant deux faces
opposées et dans lequel I'émetteur (50) de cha-
que capteur (32, 34) se trouve sur la méme face
du membre allongé ressemblant a un ruban que
le récepteur (52) de ce capteur (52), ce qui per-
met I'observation sensiblement simultanée du
sang passantdans un premier vaisseau sanguin
par le premier capteur (32) et du sang passant
dans un deuxiéme vaisseau sanguin par le
deuxiéme capteur (34).

L’appareil de la revendication 1, dans lequel le pre-
mier capteur (32) est dirigé vers I'extérieur a partir
de la premiére des deux faces opposées et dans
lequel le deuxiéme capteur (34) est dirigé vers I'ex-
térieur a partir de l'autre face opposée.

L’appareil de la revendication 2, dans lequel le sup-
port de capteurs (30) comporte une couche centrale
opaque aux émissions (53) se trouvant entre les fa-
ces opposeées et séparant le premier capteur (32) du
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deuxiéme capteur (34).

L’appareil de la revendication 1, dans lequel le sup-
port de capteurs (30) posséde un revétement (59)
de matériau hydrophile.

L’appareil de n'importe quelle revendication précé-
dente, dans lequel I'émetteur (50) d’un des capteurs
(32, 34) est un transmetteur radioélectrique et le ré-
cepteur (52) d’'un des capteurs (32, 34) est un ré-
cepteur radioélectrique.

L’appareil de n’importe quelle revendication précé-
dente, dans lequel chacun des émetteurs (50) est
un émetteur électroluminescent.

L’appareil de n'importe quelle revendication précé-
dente, dans lequel un des capteurs (32, 34) compor-
te plusieurs récepteurs (52), chaque récepteur (52)
mesurant la réception de lumiére sur une longueur
d’onde respective différente et fournissant un signal
respectif la représentant.

L’appareil de n'importe quelle revendication précé-
dente, dans lequel au moins un des capteurs (32,
34) mesure séparément laréception de lumiere dans
chacune de plusieurs longueurs d’onde différentes
et fournit un signal respectif représentatif de la ré-
ception de lumiére dans chacune desdites longueurs
d’onde différentes.

L’appareil de n’importe quelle revendication précé-
dente, dans lequel un des capteurs (32, 34) compor-
te un capteur ultrasonore.

L’appareil de n'importe quelle revendication précé-
dente, dans lequel le support de capteurs (30) com-
porte une patte de suture (57).

L’appareil de n’importe quelle revendication précé-
dente, dans lequel le support de capteurs (30) est
entouré d’un manchon protecteur stérile (74).

L’appareil de n’importe quelle revendication préceé-
dente, dans lequel le support de capteurs (30) est
constitué d’'un matériau souple.

L’appareil de n’importe quelle revendication précé-
dente comprenant un cable (88) avec plusieurs fils
de stimulation cardiaque (84) et dans lequel les cap-
teurs (32, 34) sont raccordés a un systéme de com-
mande (24) par le biais du cable (88).

L’appareil de n’importe quelle revendication précé-
dente comprenant un cable (88) associé a un dispo-
sitif d’assistance ventriculaire (90) et dans lequel les
capteurs (32, 34) sont raccordés électriquement a
un systéeme de commande (24) par le biais de con-
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ducteurs compris dans le cable (88).

L’appareil de la revendication 13 ou 14, dans lequel
le systtme de commande (24) est raccordé électri-
quement a un systéme de commande du dispositif
d’assistance ventriculaire (90), ce qui permet d’en-
voyer au dispositif d’assistance ventriculaire un si-
gnal représentatif de la fonction cardiaque du pa-
tient.

L’appareil de la revendication 13 ou 14, dans lequel
le systéme de commande (24) est raccordé électri-
quement a un systéme de commande du dispositif
d’assistance ventriculaire (90), ce qui permet d’en-
voyer au dispositif d’assistance ventriculaire un si-
gnal représentatif de la fonction cardio-pulmonaire
du patient.

L’appareil de n'importe laquelle des revendications
1a13, comprenant un cable (44) associé a un coeur
artificiel (94) et dans lequel les capteurs (32, 34) sont
connectés électriquement a un systéme de com-
mande par le biais des conducteurs se trouvant dans
le céble (44).

L’appareil de larevendication 17, dans lequel le sys-
teme de commande est connecté électriquement au
contréleur d’un coeur artificiel (94), ce qui permet au
systéme de commande du coeur artificiel de recevoir
un signal représentatif de I'efficacité de fonctionne-
ment du coeur artificiel.

L’appareil de n’importe laquelle des revendications
1213, comprenantun cable associé a un stimulateur
et dans lequel les capteurs (32, 34) sont connectés
électriquement a un systéeme de commande par le
biais du cable.

L’appareil de n’importe laquelle des revendications
1a13 ou 19, dans lequel le systeme de commande
est raccordé électriquement au systéme de com-
mande d’'un stimulateur, ce qui permet au stimula-
teur de recevoir un signal représentatif de la fonction
cardiaque du patient.

L’appareil de n'importe laquelle des revendications
précédentes, dans lequel les capteurs (32, 34) sont
connectés électriquement a un systéme de com-
mande par le biais d’'un cable (44) relié a un tube de
drain thoracique médiastinal.

L’appareil de n'importe laquelle des revendications
précédentes, comprenant également un deuxieme
support de capteurs (30) et un capteur respectif (32,
34) monté dessus, capable de fournir un signal de
sortie de récepteur représentatif du niveau d’une ca-
ractéristique sélectionnée respective du sang dans
une structure contenant du sang adjacente.
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23. L’appareil de n'importe laquelle des revendications
précédentes, dans lequel chacun des capteurs (32,
34) est raccordé fonctionnellement a un systeme de
commande implantable équipé de fagon a pouvoir
communiquer par voie percutanée avec un systeme 5
externe.
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