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Description

[0001] The following relates to the medical care arts,
neonatal and pediatric care, feeding tubes for neonatal
patients or pediatric or adult patients, physiological mon-
itoring arts, and so forth.

[0002] Aneonatalpatient, suchasanewbornbaby with
an identified medical condition, or a prematurely born
baby, or so forth, is sometimes fed via feeding tube. In a
nasogastric feeding tube arrangement, for example, a
feeding tube is inserted into a nasal orifice and is passed
down through the esophagus to terminate in the stomach.
Feedingtubes are also used for pediatric or adult patients
who cannotingest adequate sustenance due to amedical
condition.

[0003] Patients undergoing therapy employing a feed-
ing tube are typically also subject to monitoring of one or
more physiological parameters such as cardiac cycling
(e.g., heartrate and/or ECG), respiration, core body tem-
perature, or so forth. The neonatal or other patient is thus
connected with a feeding tube and physiological probes
such as electrocardiograph (ECG) electrodes, a ther-
mister or other temperature sensor, or so forth. The feed-
ing tube and the various physiological probes are con-
nected with corresponding monitoring devices (ECG
monitor, patient thermometer, or so forth) by wires or
cables. The patientis made uncomfortable by these con-
nections, patient movement is restricted by the wires or
cables, and the various wires and cables present physical
obstacles for physicians, nurses, or other attending med-
ical personnel. Inthe case of a neonatal patient, adhesion
of skin electrodes can also be problematic due to poor
skin developmentand the humidity and temperature con-
trolled incubator environment.

[0004] During insertion of a new feeding tube, care
must be taken to ensure that the feeding tube follows the
esophageal path to the stomach (rather than the bron-
chial path into the lungs), and to ensure that the distal
end of the feeding tube is properly positioned (typically
in the stomach, rather than in the esophagus or lower
down in the stomach). Incorrect positioning of the feeding
tube can result in aspiration of feeding material into the
lungs or other medical complications. Problematically,
existing feeding tubes typically do not provide positive
positional feedback during insertion.

[0005] The feedingtube is a disposable device, thatis,
it is generally not reused for different patients. In the case
of a prematurely born baby, undersized baby, or other
neonatal patient, the feeding tube may need to be re-
placed frequently due to typically rapid neonatal growth
rate. As a disposable item, it is advantageous for the
feeding tube to be of low manufacturing cost. The feeding
tube also should remain reliable under exposure to the
esophageal and stomach environment, which is highly
acidic and includes corrosive digestive fluids. In practice,
feeding tubes are typically simple hollow tubular ele-
ments of silicone, polyurethane, or another robust mate-
rial.
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[0006] GB 2 397 231 A pertains to a feeding tube or
catheter having internal conductors connected to exter-
nal moulded annular electrodes. The tube is formed by
laser ablation of the material adjacent to the conductor
and moulding the electrode thereon.

[0007] US 5199433 A pertains to a single-use dispos-
able esophageal electrode structure having a planar
sheet body member carrying electrode members.
[0008] WO 2008/072150 (A1) informs about a feeding
tube. The feeding tube has an inner tubing with a lumen,
and electrodes.

[0009] WO 2006/015230 A2 discloses a catheter com-
prising several electrodes and sensors.

[0010] WO 2005/115234 A1 pertains to a method for
optimizing positioning an electrode in a patient. The de-
vice may carry electrodes formed by painting a band of
an electrically conductive material. Alternatively, metal
bands may be employed.

[0011] WO 99/59463 pertains to a monitoring catheter
having electrodes which may be located on a protruding
element, such as an inflatable balloon.

[0012] The present application provides new and im-
proved feeding tubes, and methods of manufacturing and
using same, which overcome the above-referenced
problems and others.

[0013] In accordance with the invention as defined by
the appended claims, a device comprises: a feeding tube
including a feeding lumen with an opening at a distal end
of the feeding tube and an electrical lumen having access
openings spaced apartalong the feeding tube; the device
further comprising: a set of insulated electrical conduc-
tors disposed in the electrical lumen, the set of insulated
electrical conductors having electrically exposed por-
tions proximate to the access openings; and electrically
conductive material portions disposed in the access
openings and electrically contacting the proximate elec-
trically exposed portions of the set of insulated electrical
conductors disposed in the electrical lumen; the electri-
cally conductive material portions filling the access open-
ings and having flush or slightly protruding surfaces, elec-
trically conductive coatings disposed at least over the
electrically conductive material portions disposed in the
access openings, and annular electrically conductive el-
ements disposed around the outside of the feeding tube
and electrically contacting the electrically conductive ma-
terial portions disposed in the access openings.

[0014] In accordance with another aspect, a method
of constructing a device is disclosed, the method com-
prising: forming a feeding tube including a feeding lumen
and an electrical lumen, the electrical lumen having ac-
cess openings spaced apart along the feeding tube; in-
serting a set of insulated electrical conductors into the
electrical lumen of the feeding tube, the set of insulated
electrical conductors having electrically exposed por-
tions that are proximate to the access openings after the
inserting; and after the inserting, forming electrodes by
a process including injecting electrically conductive ma-
terial portions into the access openings of the electrical
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lumen to electrically contact the proximate electrically ex-
posed portions of the set of insulated electrical conduc-
tors disposed in the electrical lumen; after the injecting,
outer electrode elements or coating portions are dis-
posed over at least the electrically conductive material
portions so as to define exterior surfaces of the elec-
trodes, wherein electrically conductive portion have flush
or slightly protruding surfaces.

[0015] A device may comprise: a feeding tube includ-
ing a feeding lumen with an opening at a distal end of
the feeding tube and an electrical lumen; a set of insu-
lated electrical conductors disposed in the electrical lu-
men; electrodes disposed along the feeding tube and
electrically contacting the set of insulated electrical con-
ductors, the electrodes including a set of upper or prox-
imal electrodes and a set of lower or distal electrodes;
and a switch configured to operatively connect one elec-
trode of the set of upper or proximal electrodes and one
electrode of the set of lower or distal electrodes to an
electrocardiograph (ECG) instrument.

[0016] One advantage resides in a reduced number of
wires or cables connected with the patient.

[0017] Another advantage resides in more accurate
physiological monitoring.

[0018] Another advantage resides in providing a feed-
ing tube with one or more integral physiological monitor-
ing sensors.

[0019] Another advantage resides in reduced manu-
facturing cost for a feeding tube with one or more integral
physiological monitoring sensors.

[0020] Anotheradvantage resides providing increased
robustness for a feeding tube with one or more integral
physiological monitoring sensors.

[0021] Still further advantages of the present invention
will be appreciated to those of ordinary skill in the art
upon reading and understanding the following detailed
description.

FIGURE 1 depicts a neonatal feeding tube with in-
strumentation, in accordance with the present appli-
cation.

FIGURE 2 is a cross sectional view of the feeding
tube of FIGURE 1 through a distal portion.
FIGURE 3 is a cross sectional view of the feeding
tube of FIGURE 1 through a thermistor.

FIGURE 4 is a cross sectional view of the feeding
tube of FIGURE 1 through an electrode.

FIGURE 5 is a cross sectional view of the feeding
tube of FIGURE 1 through a proximal portion.
FIGURE 6 diagrammatically depicts a medical pa-
tient monitoring system including a medical device
comprising a multifunction feeding tube.

FIGURE 7 shows an enlarged perspective view of
the multifunction feeding tube of FIGURE 6.
FIGURE 8 shows an enlarged perspective view of
the multifunction feeding tube extrusion including ac-
cess openings formed after the extrusion used in fab-
ricating the multifunction feeding tube of FIGURES
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6and 7.

FIGURES 9, 9A, and 9B show various suitable em-
bodiments or aspects of the electrical assembly of
the multifunction feeding tube of FIGURES 6 and 7
prior to insertion of the electrical assembly into the
electrical lumen of the feeding tube extrusion.
FIGURE 10 shows the multifunction feeding tube of
FIGURES 6 and 7 with the extrusion removed to re-
veal the temperature sensor and electrode connec-
tions.

FIGURE 11 shows a cross section of the feeding
tube extrusion of FIGURE 8 revealing the feeding
lumen and electrical lumen.

FIGURES 12-13 show perspective views of one suit-
able embodiment of the distal tip of the multifunction
feeding tube of FIGURES 6 and 7.

FIGURE 14 diagrammatically shows an electrical
schematic of a medical device comprising the mul-
tifunction feeding tube of FIGURES 6-13 connected
to provide electrocardiography capability with se-
lectable ECG electrodes.

[0022] Withreferenceto FIGURE 1, aneonatal feeding
tube 10 is depicted. In one embodiment, the tube 10 is
an instrumented disposable feeding tube for newborn in-
fants (neonates) who have not yet developed their suck-
ing capabilities, or who are unable to feed normally for
some other reason. The tube 10 is a 5 French tube, or
1.67 mm in diameter, in one embodiment. Appropriate
scaling can be performed for larger or smaller tubes. It
is also to be understood that although neonatal feeding
tubes are described as illustrative examples herein, more
generally the disclosed feeding tube embodiments and
disclosed aspects thereof are readily applied to feeding
tubes for adult patients, veterinary subjects (e.g., dogs
or cats undergoing veterinary care), or so forth. For con-
venience, the tube 10 is shown segmented, though its
actual size is approximately 300 mm in length, for exam-
ple.

[0023] The neonates are fed formula or breast milk
through the tube 10. The tube 10 is typically inserted into
the nose (that is, a nasogastric feeding tube arrange-
ment) or mouth and advanced into and through the es-
ophagus, and into the stomach. The tube 10 has a tip 12
at the distal end of the tube that is typically disposed in
an upper region of the stomach when the feeding tube
10 is properly inserted. FIGURE 2 depicts a cross sec-
tional view of the distal portion 14. A hole 16 in the tip 12
permits food, such as infant formula or breast milk, to exit
the tube. One or more additional holes 18, offset from
the tip 12, allow feeding to exit in the event that the end
hole 16 becomes clogged or otherwise blocked. The tip
12 and cross holes 18 are preferably located in the sub-
ject’s stomach in one embodiment. The distal portion 14
is suitably molded of a soft, biocompatible material, such
as (in one embodiment) silicone rubber.

[0024] The feeding tube 10 also includes electrodes
20. The electrodes 20 are on an outside of the feeding



5 EP 2 542 143 B1 6

tube and, when inserted, make contact with the subject’s
esophagus. Insulated leads extend proximally from each
electrode, either inside the feeding tube 10 or the outer
wall of the feeding tube. A temperature sensor, which in
the illustrated example is a thermister 22, is disposed
inside the tube for taking temperature measurements
and, in one embodiment, lies distal to the electrodes 20.
FIGURE 3 shows a cross section of the tube 10 including
the thermistor 22 in cross-section. Other temperature
sensors can be used in place of the illustrated thermister
22, such as a thermocouple, a thermodiode, or so forth.
[0025] The thermistor 22 is assembled to a pair of
wires, at least one insulated. In one embodiment, the
thermistor 22 is calibrated to operate with a specific pa-
tient monitor or series of monitors. The calibration is op-
tionally checked prior to insertion of the feeding tube 10
into the patient, for example by measuring resistance and
compared to a specification. In an optional calibration
operation, resistance is increased as appropriate until
the thermistor resistance meets the specification, so as
to bring the thermistor into compliance with specified
standards for accuracy. Theillustrative thermistor 22 may
be one piece of semiconductor material or it may be two
or more segments connected in parallel, with a small gap
between each segment. This allows the assembly to flex
in two directions and to twist, even if the length is several
multiples of the tube diameter. The overall resistance of
the thermistoris proportional to its thickness and inverse-
ly proportional to the area. Because the width of the ther-
mistor and thickness of the thermistor are constrained
by the size of the tube 10, the effective length of the ther-
mistor assembly is selected based on the electrical re-
quirements ofthe monitoring system. This method of con-
struction also minimizes difficulty and discomfort during
insertion, removal, and use. It is also more flexible and
more resistant to breakage during manufacture, inser-
tion, and use. In one embodiment, the thermistor 22 has
a resistance of approximately 2250 Q at 25°C and ap-
proximately 1360 Q at 37°C.

[0026] In a single-thermistor embodiment, when the
tube is inserted the thermistor 22 is suitably located in
the esophagus so as to accurately measure core tem-
perature, rather than the stomach or pharynx, where
readings would be less accurate. Placement in the stom-
ach can be problematic due to the corrosive effects of
gastric fluids and the inaccuracy that might be caused
by air or food in the stomach.

[0027] Proximal to the electrodes 20 is a nasopharyn-
geal section 26 of the feeding tube 10. The nasopharyn-
geal section 26, as the name indicates, lies inside the
pharynx and nose when inserted. This section is suitably
smooth and small in diameter to reduce irritation to the
subject and interference with air flow during breathing.
In an alternate embodiment, it has a non-circular shape
and/or concave flutes to reduce the possibility of com-
plete blockage of a nare. In some embodiments, a hy-
popharynx thermistor 28 and an oropharynx thermistor
30 are included in the nasopharyngeal section 26. The
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thermistors 28, 30 are used to measure respiration flow,
in addition the distal or caudal thermistorprovides a core
temperature measurement. The respiration flow is meas-
ured as a relative temperature change between the
oropharynx thermistor 30 and the hypopharynx thermis-
tor28. An array of these thermistor pairs may be provided
to accommodate various patient sizes.

[0028] A pressure differential AP is measured by a
pressure gradient between a sub-diaphragmatic (or cau-
dal) port 32 and a supra-diaphragmatic (or cephalic) port
34. AP represents the respiration effort of the subject.
Flow can be measured separately (with thermistors 28
and 30), as an airway obstruction may produce increased
effort but no AP. Respiration flow and respiration effort
are measured separately and can differ. For example, in
the case of an airway obstruction, effort will increase but
flow will decrease. The measured flow can be cross-
checked against AP foraccuracy, and can signalan alarm
if the two do not coincide.

[0029] In the illustrative embodiment of FIGURE 1,
proximal to the supra-diaphragmatic pressure port 34 are
two fiber optic windows 35. The fiber optic windows 35
are polished ends of many fiber optic strands. At the prox-
imal end of the feeding tube the fiber optic strands sep-
arate into a source fiber (run from a light source, not
shown) and a return fiber. Both fiber bundles run down
the tube 10 to the fiber optic windows 35. One fiber optic
bundle terminates in the esophagus and another at the
distal tip of the feeding tube. The distal fiber bundle does
not need to be separated into a sending and receiving
bundle as it is used only to send light down which would
emanate from the small patient due to the thin mem-
branes and relatively translucent nature of the skin. This
tip light is used for placement verification by energizing
the fibers from an external light source and in a darkened
room and visualizing the location of the light emanating
from the patient's abdomen (if properly placed) or thorax
(if not properly placed). The pulse of the subject is meas-
ured by reflectance photo-plethysmogram through the
fiber optic window using traditional reflectance pulse ox-
imetry techniques. Core SpO, is also measured at the
fiber optic window 35. The supra-diaphragmatic port 34
serves as a flush location to clean the fiber optic window
35 as needed.

[0030] With reference now to FIGURE 4, and continu-
ing reference to FIGURES 1-3, an illustrative method of
manufacture is disclosed. In one embodiment, there are
four feeding lumens 36. In a three-electrode embodi-
ment, three of the four lumens 36 carry a contact for an
electrode 20, and one lumen 36 does not. In a four-elec-
trode embodiment, each of the four lumens 36 can cany
a contact for an electrode 20. In a five-electrode embod-
iment, three of the four lumens 36 carry one contact while
the fourth lumen 36 carries two contacts. Fewer or addi-
tional electrodes 20 can be positioned appropriately fol-
lowing the same pattern. The lumens 36 are cut to length.
At the appropriate location for each electrode 20, an un-
insulated end of a wire is secured. In one embodiment,
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the wire is electrically and mechanically connected to a
metal fitting 38 by soldering, welding, bonding with a con-
ductive adhesive, crimping, or the like. The fitting 38 is
then attached to the lumen 36 in the appropriate position,
either by swaging, crimping, adhesive, or the like.
[0031] The lumen 36 and the thermistors 22, 24, 28,
30 are placed together with the thermistors 22, 24, 28,
30 and wires 40 in the center of the lumens 36, as de-
picted in FIGURE 3. The distal portion 14 is brought to-
gether with the lumens 36 and thermistors 22, 24, 28,
30, held in place, and a jacket 42 is applied by extrusion,
heat-shrinking, tape wrapping, or the like. The lumens
36 may reshape somewhat during this process, but this
is inconsequential to the operation of the feeding tube
10. The wires 40 are preferably located in the center of
the tube 10 for maximum flexibility. If additional bond
strength is needed, a mechanical strength member (wire
orfiber) can be added to the distal portion 14 and secured
to the wires 40. A gap 44 between the distal portion 14
and a proximal portion 46 inside the jacket 42 serves as
a blending area for flow from the multiple lumen 36 to
blend and enter the distal part 14 and flow out the holes
16, 18 into the subject’s stomach. Next, the electrodes
20 are added.

[0032] With reference to FIGURE 4, the jacket 42 is
removed in the area of the electrode 20. A conductive
transition 48 such as a conductive adhesive, spring-like
device, or the like is placed in the resulting removed area.
An electrode 20, in the form of a short thin-wall cylinder,
is placed over each conductive transition 48 and is then
swaged to lock it in place. The proximal and distal edges
are then bent into the jacket 42 to provide a smooth sur-
face to reduce risk of injury to the patient.

[0033] An outside portion 50 of the tube 10 lies outside
of the subject when the feeding tube 10 is inserted. The
outside portion 50 may have a larger cross section. The
wires 40 that run from the components within the tube
10 terminate in atube-side connector 52. A feeding lumen
extension 54 may pass through the approximate center
of the tube-side connector 52 and terminates in an oral
style fitting 56 that permits baby formula or breast milk
to be injected by syringe, drip, pump, or other means. In
one embodiment, the fitting 56 is marked or physically
differentiated to distinguish it from ports meant for vas-
cular injection.

[0034] Mating with the tube-side connector 52 is a ca-
ble-side connector 58. In one embodiment, the cable-
side connector 58 has a slot (not shown) that allows the
cable-side connector 58 to be connected or disconnected
without disturbing the feeding tube lumen extension 54.
After passing through a flex relief section 60, external
electrical wires 62 continue to a monitor. The external
wires 62 may be fitted with an adapter that allows inter-
face to various makes or models of patient monitors.
[0035] The outside portion 50, tube-side connector 52,
feeding connector 56 and lumen extension 54 are se-
cured using conventional insert molding, over-molding,
and bonding techniques. An over-molded or assembled
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tube-side connector 52 mates with the cable-side con-
nector 58 on the external wiring 62. The multiple feeding
lumens 36 transition into a single lumen in the outside
portion 50. The lumen extension 54 continues through
openings in the connector parts 52, 58. In the lumen ex-
tension 54 there are no wires involved, and it is relatively
transparent, which facilitates visual confirmation of flow.
The lumen extension 54 is also flexible. If a caregiver
needs to interrupt flow by pinching off the lumen, it should
be done at the lumen extension 54. Once assembled,
the feeding tube 10 is ready to be sterilized and pack-
aged.

[0036] Typically, three electrodes are employed for
ECG readings. For small neonates, the distal three elec-
trodes 20 are suitably used. For medium neonates, the
middle three electrodes 20 are suitably used. For larger
neonates, the proximal three electrodes 20 are suitably
used. In one embodiment, the electrodes are selected
manually based on the size of the neonate, and the judg-
ment of the caregiver. The setting can be selected by the
caregiver by temporarily disconnecting the connector, ro-
tating the cable-side part 58 relative to the connector 52,
and then re-connecting, thereby changing which internal
contacts are used. In another embodiment, the elec-
trodes are selected by the monitor. Once the tube is in-
serted, all electrodes 20 send signals to the monitor. The
monitor displays multiple wave-forms, and the operator
selects the clearest display. In other embodiments, all
signals are recorded or the monitor automatically choos-
es the best electrodes.

[0037] Insome embodiments, respiration rate is deter-
mined by injecting a low-voltage electrical signal into the
patient via a pair of spaced ECG electrodes. The electri-
cal impedance of the connection varies during the act of
respiration, so the rate and depth of respiration can be
estimated based on the electrical impedance variation.
In some embodiments, the respiration rate is derived us-
ing electrodes selected from the array of available elec-
trodes.

[0038] In an alternate embodiment a U-shaped con-
nector on the monitor side is used so that the feeding
tube 10 can be in the center, with mating in the axial
direction. The U-shape allows the electrical connection
and the feeding connection to be made or disconnected
in any sequence, without mutual interference. In another
alternate embodiment, a connector is on the side of the
feeding tube, with mating in the radial or oblique direction.
In another alternate embodiment, the tube 10 has a rec-
tangular (linear) connector rather than a circular or U-
shaped connector. In this embodiment, the feeding tube
side would have a number of sockets (pins) equal to the
number of electrodes, while the cable side would have a
number of pins equal to the number of electrodes used
by the monitor. The cable could then be plugged in to the
feeding tube 10 in a number of locations, thereby select-
ing which electrodes are operative. In another alternate
embodiment, the tube 10 has a connector where the se-
lection of the electrodes is performed by a switching de-
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vice inside the cable-side connector 58, or the cable 62
itself. In another alternate embodiment, the tube 10 has
a connector with a rotating collar or other device which
could be locked into place to assure that the connector,
after disconnection, can only be re-connected in the se-
lected position. In another alternate embodiment, the
tube 10 has a slide or rotary switch on the connector to
allow the caregiver to manually select the electrodes with
the strongest signal as shown on a monitor display. The
foregoing are merely illustrative examples.

[0039] Proper insertion of the feeding tube 10 can be
problematicin some instances. The tube is to be inserted
to a depth that places the tip 12 of the tube 10 in the
stomach of the neonate. It is undesirable to insert the
tube too far, e.g. into the duodenum, and it is also unde-
sirable to insert the tube not far enough, such that the
openings 16, 18 are in the esophagus. With reference
again to FIGURE 1, a distal electrode 64 on the tip 12 of
the tube 10 is optionally included to facilitate placement
confirmation. While the distal electrode 64 remains in the
esophagus, contact with the wall of the esophagus pro-
duces electrical continuity. However, when the distal
electrode 64 passes through the esophageal sphincter
into the larger opening of the stomach, the electrical con-
tinuity decreases or disappears. Because the relative lo-
cation of the electrode 64 and the openings 18 is estab-
lished by the detailed design of the device, the location
of the openings 18 is thus known to the clinician relative
to the beginning of the patient’s stomach.

[0040] In conjunction with the electrode 64, an optional
light source 66 can be used to judge the position of the
tip 12 as it is passed down the subject’s esophagus. The
neonate’s chest is relatively thin and translucent. The
light source 66, if bright enough, can be seen through
the neonate’s chest, and the caregiver can visually verify
the position of the tip 12. The light source 66 may be
illuminated by a lamp outside the proximal end and an
optic fiber running the length of the tube 10. It is also
contemplated that a fiber optic camera could be located
at or fiber optically connected to the tip 12 and used as
a traditional endoscope to aid in positioning the tube 10.
In some embodiments, the fiber optic device is a perma-
nent part of the tube 10; whereas, in alternative embod-
iments, the fiber optic device is inserted into a feeding
lumen 36 prior to placement in the body and removed
after the tube 10 is properly placed, so that the lumen 36
may be used for feeding.

[0041] When inserting the tube 10, the tube should fol-
low the esophagus and not veer into the lungs. One way
to tell which path is being followed is by a temperature
measurement with thermistors at the tip 12. If different
temperatures are measured with inhale and exhale res-
piration, the tip is in an air passage. If the temperature is
constant, the tip is in the esophagus. Monitoring pressure
at the tip can be used analogously. Pressure can be
measured by sealing one of the lumens and adding a
pressure port.

[0042] Another optional aid in positioning the tube 10
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is to include a sensor that measures pH. If the tip 12 is
properly in the stomach, the measured pH should be acid-
ic. If the tip 12 is in the lungs, the measured pH will be
neutral. If the tip 12 is in the esophagus, the measured
pH will be somewhat acidic, depending on reflux, etc.
[0043] With reference to FIGURES 6-14, some other
feeding tube embodiments are described. Again, these
embodiments are described with reference to neonatal
application, but the disclosed feeding tube systems are
also readily adapted for pediatric or adult patients by suit-
able size scaling and the like. The illustrative feeding tube
system shown in FIGURES 6-14 is a multifunction sys-
tem that provide both feeding and monitoring, and has
aspects disclosed herein that enhance manufacturability,
reduce manufacturing cost, enhance feeding tube ro-
bustness and reliability, accommodate patient growth,
and provide other benefits.

[0044] With reference to FIGURES 6 and 7, a medical
device includes a feeding tube 70 designed to provide
both feeding functionality and additional electrocardio-
graphic (ECG), respiration monitoring, temperature, and
optional other monitoring functionality. Toward the latter
end, the feeding tube 70 (or, more precisely, a distal end
of the feeding tube designed for nasogastric or other in-
sertion into the subject) includes electrode rings 72, 73,
74, 75, 78, 79, a and a temperature sensor 130. Food
flows through a feeding lumen 80 of the feeding tube 70.
The electrode rings 72, 73, 74, 75, 78, 79, and the tem-
perature sensor 130 are connected with a set of wires
82 disposed in an electrical lumen 84 of the feeding tube
70. At a proximal end of the feeding tube 70 a bifurcation
90 or other coupling element connects a feeding inlet 92
with a formula source 94 or other source of food that is
delivered to the feeding inlet and through the feeding
lumen 80 into the subject’'s stomach. The feeding inlet
92 is preferably a standardized connector for this pur-
pose; accordingly, the connection of the formula source
94 with the feeding inlet 92 is shown diagrammatically.
At the bifurcation 90, a connector 91 connects the set of
wires 82 to an electrical adaptor 96, which adapts the
wires of the set of wires 82 from the ECG electrode rings
72,73,74,75,78, 79 into a standard electrocardiograph
(ECG) trunk cable 100. The connector 91 also connects
the wires of the set of wires 82 from the temperature
sensor 130 to a standard temperature probe cable 102.
The ECG trunk cable 100 has a connector 104 for con-
necting to the electrocardiograph (ECG) instrument 110,
while the temperature probe cable 102 has a standard-
ized connector 112 for connecting to a temperature mon-
itor 114. In the illustrated embodiment, the ECG instru-
ment 110 and the temperature monitor 114, along with
a respiration monitor 115, are embodied in unitary fash-
ion by a standard multi-parameter patient monitor 116.
The respiration monitor 115 is also (like the ECG instru-
ment 110) operatively connected with the ECG trunk ca-
ble 100. In an alternative configuration, individual instru-
ments may be used for monitoring ECG, temperature, or
so forth, rather than employing the unitary multi-param-
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eter device 116.

[0045] The assembly comprising the feeding tube 70
and the bifurcation 90 is suitably treated as a disposable
item that is used one a single patient and then discarded.
The electrical adaptor 96 is reusable. The ECG trunk
cable 100 and temperature probe cable 102 are also re-
usable, and in some embodiments are standardized
components that may also be used with conventional
ECG lead sets or temperature probes, respectively. In
an alternative embodiment, the two cables may be re-
placed by a single cable with two connectors, or by a
single cable with a single connector serving both func-
tions.

[0046] With continuing reference to FIGURE 7 and with
further reference to FIGURES 8-10, a suitable construc-
tion of the medical device is as follows. The feeding tube
70 is formed, for example by an extrusion process. The
formed feeding tube 70 includes the feeding lumen 80
and the electrical lumen 84 parallel with at least a portion
of the feeding lumen. The feeding tube 70 is suitably
formed of polyurethane, silicone, or another material suit-
ably soft, flexible, corrosion resistant and biocompatible
for insertion into the esophagus and stomach. After the
extrusion process, access openings 120 are formed into
the feeding tube 70 by mechanical drilling, punching, la-
ser cutting, or another suitable process. The access
openings 120 are spaced apart along the feeding tube
70, and are located along the feeding tube 70 proximate
to the eventual locations of the electrodes. The access
openings 120 provide access to the electrical lumen 84.
Although notillustrated, itis also contemplated to provide
access openings to the electrical lumen 84 for other pur-
poses. For example, optionally a thermal access opening
(notillustrated) is similarly formed at the eventual location
of the temperature sensor 130. FIGURE 8 shows the
feeding tube 70 after extrusion and formation of the ac-
cess openings 120. As extruded, the feeding and elec-
trical lumens 80, 84 extend completely through the distal
end 124 of the extruded feeding tube 70, and the distal
end 124 typically has relatively sharp or abrupt edges.
Preferably, the distal end 124 is processed to plug up or
otherwise close off the electrical lumen 84 at the distal
end 124, and to smooth edges of the distal end 124 to
reduce the likelihood of damage to the esophagus or oth-
er contacted tissues during insertion of the feeding tube
70. Some suitable approaches for smoothing the distal
end 124 include: mechanical smoothing by grinding, lap-
ping, or so forth; smoothing by thermal reflow using heat-
ing by a flame, laser, or other heat source; smoothing by
chemical etching; or so forth. Any such processing of the
distal end 124 should ensure that the feeding lumen 80
continues to have an opening at the distal end 124 to
allow food to pass from the feeding lumen 80 into the
stomach - however, this opening at the distal end 124
may optionally be reshaped or otherwise adjusted by the
distal end processing.

[0047] Withreferenceto FIGURE9, in aseparate proc-
ess the electrical assembly including the set of wires 82

10

15

20

25

30

35

40

45

50

55

(or, more generally, insulated electrical conductors) and
a thermister 130 (or, more generally, a thermister, ther-
mocouple, thermodiode, or other temperature sensor) is
assembled. Construction of this assembly includes ar-
ranging the wires of the set of wires 82 into a bundle,
connecting the temperature sensor 130 with appropriate
wires of the set of wires 82, optionally cutting wires to
selected lengths, and stripping insulation from wire por-
tions of the wires that are to connect with electrode rings
preparatory to making electrical contact with the elec-
trodes. There are eight wires in the illustrative set of wires
82, namely six wires for connecting with the electrode
rings 72, 73, 74, 75, 78, 79 and two additional wires for
connecting the temperature sensor 130. More or fewer
wires can be provided, depending on the number of elec-
trodes, number of temperature sensors (if any), exact
electrical requirements of the monitoring instrument, and
the number of any additional electrical elements to be
connected. For example, in one contemplated variation
of the embodiment shown in FIGURE 9, the temperature
sensor 130 is connected with two wires that also connect
with respective electrodes, such that the temperature
sensor and the two electrodes share two wires; in this
way, the number of wires in the set of wires 82 could be
reduced from eight wires to six wires. Moreover, although
the wires of the set of wires 82 are illustrated as being
straight, the wires of the set of wires may instead be twist-
ed or braided together to enhance the bundling of the
wires.

[0048] Inconstructing the electrical assembly, the tem-
perature sensor wires are trimmed to a desired length
corresponding to the position of the temperature sensor
in the feeding tube, and the temperature sensor 130 is
soldered or otherwise connected with the these trimmed
wires. The wires that are to connect with electrodes are
processed as follows. For each such wire, the insulation
is stripped proximate to where the electrode will be con-
nected, so as to form electrically exposed conductor por-
tions in the form of bare wire portions 132 as shown in
FIGURE 9. (Note that one bare wire portion is not visible
in the perspective view of FIGURE 9). The bare wire por-
tions 132 are located along the length of the electrical
assembly so as to coincide with and be proximate to cor-
responding access openings 120 when installed in the
electrical lumen 84 of the feeding tube 70. Optionally, as
shown in FIGURE 9 the excess wire length of each wire
distal from the bare wire portion 132 is trimmed, and may
also be looped, coined, folded back or otherwise modified
to facilitate a mechanical interconnection of the electri-
cally exposed conductor with the electrically conductive
adhesive portions disposed in the access openings or
external electrode portion as will be described. FIGURE
9A shows a modified bare wire portion 132a that is mod-
ified (as compared with the bare wire portions 132 of
FIGURE 9) by being looped. In other contemplated em-
bodiments, the bare wire portion is not trimmed; rather,
the excess wire length is retained, so that most bare wire
portions are located at other than the extreme end of the
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processed wire.

[0049] To form the final multifunction feeding tube
shown in FIGURE 7, the electrical assembly of FIGURE
9 is inserted into the electrical lumen 84 of the feeding
tube extrusion of FIGURE 8 with the bare wire portions
132 aligned along the feeding tube with corresponding
access openings 120.

[0050] With continuing reference to FIGURES 7-9 and
further reference to FIGURE 10 (which illustrates the as-
sembled multifunction feeding tube with the extrusion re-
moved), the electrodes are formed by a process that in-
cludes injecting electrically conductive material portions
140 into the access openings 120 of the electrical lumen
84 to electrically contact the proximate bare wire portions
132 of the set of insulated wires 82 disposed in the elec-
trical lumen 84. The electrically conductive material por-
tions 140 are visible only in FIGURE 10. In a suitable
embodiment, the electrically conductive material portions
140 comprise electrically conductive adhesive portions
140 disposed in the access openings and adhering to
the proximate bare wire portions 132. The robustness of
this adhesive connection is optionally enhanced by the
aforementioned optional looping (e.g., the looped bare
wire portion 132a of FIGURE 9A), coining, or other mod-
ification of the bare wire portions. Optionally, the electri-
cally conductive adhesive portions 140 also adhere to an
inner surface of the electrical lumen 84 to assist in re-
taining the position of the electrical assembly in the elec-
trical lumen 84. In some embodiments the electrically
conductive adhesive portions 140 comprises cured elec-
trically conductive polymer material portions, such as, by
way of example, cured electrically conductive epoxy por-
tions. In such embodiments, the formation of the electri-
cally conductive adhesive portions 140 includes injecting
the material into the access openings 120 to electrically
contact the proximate bare wire portions 132, followed
by a curing operation that may, by way of illustrative ex-
ample, include delaying a curing time and optionally ap-
plying curing heat by way of an oven or the like. In other
contemplated embodiments, the electrically conductive
adhesive portions may be made of another material that
can be controllably flowed into the access openings 120
and solidified, such as a solder material. Although not
illustrated, it is also contemplated to provide additional
adhesive portions through additional access openings
(features notillustrated), in which the additional adhesive
portions may be either electrically conductive or electri-
cally non-conductive, and provide mechanical anchoring
of the electrical assembly in the electrical lumen 84.
[0051] The electrically conductive material portions
140 extend to be fill the access openings 120, and are
flush with or extend slightly beyond the outer surface of
the feeding tube extrusion.

[0052] An additional electrode element is disposed on
the flush or slightly protruding exposed surface of each
electrically conductive adhesive portions 140. In the il-
lustrative embodiment, these additional elements are the
electrode rings 72, 73, 74, 75, 78, 79, which are annular

10

15

20

25

30

35

40

45

50

55

electrically conductive elements disposed around the
outside of the feeding tube and electrically contacting the
electrically conductive material portions 140 disposed in
the access openings 120. The electrode rings 72,73, 74,
75,78, 79 contact the flush or slightly protruding surfaces
of the electrically conductive adhesive portions to make
electrical contact therewith, and advantageously provide
exposed electrode surfaces with radial symmetry. In one
suitable embodiment, the electrode rings 72, 73, 74, 75,
78, 79 are made of short cut lengths of stainless steel or
platinum tubing.

[0053] The additional electrode elements comprise
electrically conductive coatings disposed at least over
the electrically conductive material portions disposed in
the access openings. Optionally, such coatings can ex-
tend over the outer surface of the feeding tube extrusion,
for example to define annular rings analogous to the il-
lustrated electrode rings 72, 73, 74, 75, 78, 79.

[0054] An advantage of including the additional elec-
trode elements (such as the illustrative electrode rings
72,73,74,75,78, 79, or electrically conductive coatings,
or so forth) is that the additional electrode elements can
be designed to optimize electrical coupling with the es-
ophagus or other proximate anatomy with which electri-
cal communication is desired. This design may include
selection of the material of the additional electrode ele-
ments, providing the illustrative electrode rings 72, 73,
74,75, 78, 79 with sufficient thickness to ensure that they
protrude radially outward to make contact with the es-
ophagus wall or other proximate tissue, or so forth. This
then allows the electrically conductive adhesive portions
140 to be optimized respective to aspects such as min-
imizing contact resistance with the bare wire portions
132, optimizing mechanical properties for facilitating the
injection and curing, optimizing adhesive qualities, and
so forth. Optimization of the electrically conductive ad-
hesive portions 140 may include, for example, selection
of material type and amount injected into each access
opening 120, control of the injection process mechanics,
optimization of the curing process, and so forth.

[0055] The electrodes optionally sealthe access open-
ings 120 so that the electrical lumen 84 is not exposed
to stomach acid or other corrosive biological tissue. The
seals can be made in various ways. In some embodi-
ments, the electrically conductive material portions 140
completely fill the access openings 120 so as to seal the
access openings 120. Additionally or alternatively, the
electrode rings 72, 73, 74, 75, 78, 79 can provide the
seal, for example by the mechanism of a tight friction fit
tothe feeding tube extrusion. Additionally or alternatively,
an additional sealant fluid (not shown) may be applied,
for example at the periphery of the electrode rings to seal
the gap between the electrode ring and the feeding tube
extrusion. The seal may be less than perfect, forexample
permitting some ingress of corrosive fluid into the elec-
trical lumen 84 over a time frame thatis statistically longer
than the expected useful life of the inserted multifunction
feeding tube.
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[0056] Optionally, and optional thermal access open-
ing (not shown) is also provided, and is suitably filled with
a thermally conductive material portion that thermally
contacts the temperature sensor 130 and is flush with or
protrudes slightly from the external surface of the feeding
tube extrusion to define an external thermal contact. The
thermally conductive material portion is optionally elec-
trically nonconductive so as to avoid the potential for in-
troducing electrical shunting. As a further option, a ther-
mally conductive ring analogous to the electrode rings
72,73,74,75,78,79 may be disposed over the thermal
access opening after injection of the optional thermally
conductive material portion.

[0057] In the electrical assembly of FIGURE 9, the
electrical conductors comprise the set of wires 82 which
are a bundle of discrete insulated wires extending along
the electrical lumen 84, and the electrically exposed por-
tions comprise bare wire portions 132 which are formed
by stripping the insulation to expose the bare wire por-
tions, and optionally performing further modification such
as looping as shown in FIGURE 9A.

[0058] With reference to FIGURE 9B, in an alternative
embodiment, the electrical conductors comprise a set of
insulated electrically conductive traces disposed on or in
a flexible circuit board (i.e., "flex circuit board") 82b ex-
tending along the electrical lumen 84. In this embodi-
ment, the electrically exposed portions are suitably em-
bodied as exposed portions 132b of the electrically con-
ductive traces at which an insulative coating (for exam-
ple, an oxide, nitride, or oxynitride coating) is removed
(or not deposited in the first place) by a suitable photo-
lithographic or other patterning technique. The exposed
portions 132b are thus similar to bonding pads of circuit
boards at which components are conventionally sol-
dered. Optionally, the exposed portions 132b are formed
on both sides of the flexible circuit board 82b, or pass
through the flex circuit board 82b completely, so that the
conductive epoxy is assured of making electrical contact
with at least one of the pads. Additionally or alternatively,
the flexible circuit board may be twisted to facilitate the
electrical contact. In this alternative embodiment, a mod-
ified temperature sensor 130b may be embodied as a
surface mount component that is directly soldered to the
elongated insulated flexible circuit board 82b at the de-
sired location along the elongated insulated flexible cir-
cuit board 82b. In a variant embodiment, a socket for the
temperature sensor is soldered on the board, and the
temperature sensor is mounted via the socket. In yet an-
other alternative embodiment, exposed portions 132bb
(only one example of which is diagrammatically shown
in FIGURE 9B) are embodied as tabs that extend away
from an edge of the flex circuit board 82b. The tabs 132bb
are suitably pulled through the aligned access openings
120 and wrapped around the outside of the extrusion to
provide externally accessible electrodes. The wrapped
tabs may be secured by suitable adhesive, which may
be electrically conducting or electrically non-conducting.
[0059] With reference to FIGURE 11, a cross-section
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of the feeding tube extrusion is shown, revealing the
cross-sections of the feeding lumen 80 and the electrical
lumen 84. In the illustrated embodiment there is a single
feeding lumen and a single electrical lumen. (However,
it is also contemplated to include more than one feeding
lumen, analogous to the embodiment of FIGURES 1-5,
and/or more than one electrical lumen). The electrical
assembly (shownin FIGURE 9) has a small cross-section
sufficient to accommodate the bundle of the set of wires
82 and the temperature sensor 130. Thus, the cross-
sectional area of the electrical lumen 84 can be made
small and consequently the feeding lumen 80 can be
made large. In some embodiments, a ratio of the cross-
section of the feeding lumen 80 to the cross-section of
the electrical lumen 84 is greater than two. In some em-
bodiments, a ratio of the cross-section of the feeding lu-
men 80 to the cross-section of the electrical lumen 84 is
greater than three. In one embodiment, a ratio of the
cross-section of the feeding lumen 80 to the cross-sec-
tion of the electrical lumen 84 is about four, although even
larger ratios are contemplated.

[0060] The feeding lumen 80 is preferably a single lu-
men (as shown), although multiple feeding lumens are
also contemplated. A single feeding lumen is less likely
to become clogged as compared with a plurality of sep-
arate feeding lumens of equivalent cross-sectional area.
For rapidity of manufacturing, it is also advantageous for
the electrical lumen 84 to be a single lumen (as shown
in FIGURE 11) and for a single electrical assembly (as
shown in FIGURE 9) to be constructed and inserted into
the single electrical lumen 84. However, the use of mul-
tiple electrical lumens with a corresponding multiplicity
of electrical assemblies (some or all of which could in-
clude a single wire with stripped wire portion) are also
contemplated. In the illustrative example of FIGURE 11,
the electrical lumen 84 has a circular cross-section and
is offset from the center of the feeding tube extrusion,
and the feeding lumen 80 has a convex outer surface
144 that is approximately parallel with an outer surface
of the feeding tube extrusion, and a concave inner sur-
face 146 that is approximately parallel with a portion of
the surface of the electrical lumen 84. This configuration
is referred to herein as a "smiling Cyclops" configuration
(where the electrical lumen 84 is the single "eye" of the
Cyclops, and the electrical lumen 80 is the "smiling
mouth" of the Cyclops). The smiling Cyclops arrange-
ment provides for a large uninterrupted cross-sectional
area for the feeding lumen 80 while retaining a circular
cross-section for the electrical lumen 84, and additionally
places the feeding lumen 80 proximate to an outer sur-
face of the feeding tube extrusion so as to facilitate for-
mation of the access openings 120. Other cross-section-
al configurations are also contemplated.

[0061] Another advantage of the embodiments dis-
closed with reference to FIGURES 7-10 is that the tem-
perature sensor 130 can have various placements along
the feeding tube. For example, additional electrodes,
such as illustrative electrodes 72, can be located distal
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from the temperature sensor 130. More generally, the
temperature sensor can be located along the feeding
tube between electrodes. The temperature sensor wires
are thereby shorter, which is advantageous, and the cen-
trally located temperature sensor is less likely to be ex-
posed to corrosive stomach acid which could decrease
its longevity. Moreover, by placing the temperature sen-
sor in the esophagus rather than in the stomach more
accurate core body temperature measurements are ex-
pected to be obtained.

[0062] As initially extruded, the feeding tube extrusion
has the uniform cross-section shown in FIGURE 11 for
its entire length, including at its distal end. To protect the
electrical assembly from the corrosive esophageal or
stomach environment, it is advantageous to seal the dis-
tal end of the electrical lumen 84 using a plug, heat seal-
ing, or so forth. Additionally, it is useful to smooth the
shape of the distal end by mechanical polishing, grinding,
reflow processing, or so forth in order to remove sharp
edges.

[0063] Withreference to FIGURES 12 and 13, aniillus-
trative smoothed distal end 150 is shown, which includes
a single reshaped opening 152 that is in fluid communi-
cation with the feeding lumen 80, but is not in fluid com-
munication with the electrical lumen 84. The illustrative
distal end also includes an auxiliary side opening 154.
There are one or more openings near the tip of the tube
to permit the food to leave the lumen and enter the stom-
ach of the patient. By way of illustrative example, in one
configuration the opening 152 is at the tip (as shown in
FIGURE 12) and the side opening 154 is perpendicular
to the feeding lumen 80 and approximately 5 mm proxi-
mal. The side opening 154 allows suctioning of a sample
from the stomach even if the primary opening 152 is
blocked.

[0064] In one suitable approach for forming the tip of
FIGURES 12and 13, asealing process employs a heated
mold that forms the end to the illustrated smoothed shape
that is configured for ease of insertion and patient safety
and comfort. The feeding tube extrusion advantageously
has thin walls for most of its length. Beyond the most
distal electrode, however, the electrical lumen 84 is no
longer needed and the cross-section is changed from the
dual lumen "smiling Cyclops" configuration of FIGURE
11 to the single, central, circular lumen 152 shown in
FIGURE 12. The walls curve inward, allowing the end
radius to be maximized for each outside diameter.
[0065] Optionally, a radio-opaque marker (not shown)
is disposed at the tip of the multifunction feeding tube,
for example in the electrical lumen 84 close to the distal
end, to enable the tip of the multifunction feeding tube to
be viewed with a radiological imaging technique such as
x-ray or fluoroscopy. The radio-opaque marker may, for
example, be a metallic slug disposed in the electrical lu-
men 84 close to the distal end.

[0066] With reference to FIGURES 6 and 7, the elec-
trodes are spaced apart along the feeding tube with at
least one upper or proximal electrode (namely four upper
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or proximal electrode rings 74, 75, 78, 79, in the illustra-
tive embodiment) disposed above an expected patient
heart electrical centerline CL (diagrammatically shown
in FIGURE 6) and at least one lower or distal electrode
(namely two lower electrode rings 72,73, in the illustrative
embodiment) disposed below the expected patient heart
electrical centerline CL. This arrangement enables ac-
quisition of electrocardiograph (ECG) signals across the
heart.

[0067] Toaccommodate patients of different sizes, the
at least one upper or proximal electrode comprises a set
of upper or proximal electrodes (namely four upper or
proximal electrode rings 74, 75, 78, 79, in the illustrative
embodiment) spaced apart along the feeding tube above
the expected patient heart electrical centerline CL, the
at least one lower or distal electrode comprises a set of
lower or distal electrodes (namely two lower or distal elec-
trode rings 72, 73, in the illustrative embodiment) spaced
apart along the feeding tube below the expected patient
heart electrical centerline. In order to ensure the correct
placement of the upper (proximal) and lower (distal) elec-
trodes in the esophagus, a suitable feeding tube place-
ment technique is employed that ensures that the end of
the feeding tube is located in the stomach. One suitable
approach is the standard ear/nose/xyphoid process
method for placement of the distal end in the stomach.
Alternatively, a suitable sensor feedback technique can
be employed. The feeding tube should be sized so that
when properly placed the lower or distal electrodes are
in the esophagus, and so that the patient heart electrical
centerline CL is between the set of upper (proximal) elec-
trodes and the set of lower (distal) electrodes.

[0068] To accommodate variations in patient size or
anatomical dimensions, and to accommodate patient
growth in neonatal applications, the ECG instrument 110
is configured to selectably operatively connect with a se-
lected one of the set of upper (proximal) electrodes 74,
75, 78, 79and with a selected one of the set of lower
(distal) electrodes 72, 73 via the set of insulated wires
82 disposed in the electrical lumen 84. With reference to
FIGURE 6, the illustrative electrical adaptor 96 that
adapts the wires of the set of wires 82 from the electrode
rings into the electrocardiograph (ECG) trunk cable 100
includes a manual switch 160 that enables a nurse, phy-
sician, or other qualified person to select the operative
upper and lower electrodes from the upper and lower
sets of electrodes, respectively, based on a suitable cri-
terion such as patient size. In some embodiments, an
electronic or paper chart (not shown) is provided, which
lists recommended depth of insertion (naris to stomach)
based on spine length, distance from sternum or clavicle
to navel, or another suitable externally determinable an-
atomical dimension. An additional or alternative ap-
proach for selecting the selectable upper and lower ECG
electrodes is trial-and-error. In the example with four up-
per electrodes and two lower electrodes, there are eight
possible selection combinations, which can be sampled
in turn and the combination providing the best ECG trace
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is then selected.

[0069] With reference to FIGURE 14, an illustrative
switching circuit is shown, which can be implemented
using a manual switch such as the switch 160 (see FIG-
URE 6) or automatically using a computer, digital patient
monitor (such as the illustrative unitary patient monitor
116 that embodies the ECG, temperature, and respira-
tion monitors 110, 114, 115), or other system having soft-
ware-based switching capability. In this example, there
are six ECG electrodes, i.e. the electrodes 72, 73, 74,
75, 78, 79, that can be switchably connected to simulate
the conventional "RA" (right arm), "LA" (left arm), and
"LL" (left leg) ECG leads, conventionally used for meas-
uring ECG and respiration. Alternatively, a patient mon-
itor can be designed around the array of esophageal elec-
trodes, with the potential to measure parameters not
measureable using only external chest electrodes.
[0070] Optionally, as indicated in FIGURE 6, the elec-
trodes 72,73,74,75, 78,79 can also be used to measure
respiration. For example, the approach already de-
scribed with reference to the embodiment of FIGURES
1-5 can be used, in which respiration rate is determined
by injecting a low-voltage electrical signal into the patient
via a pair of spaced electrodes. The electrical impedance
of the connection varies during the act of respiration, so
the rate and depth of respiration can be estimated based
on the electrical impedance variation. In the case of the
array of upper electrodes and the array of lower elec-
trodes, good respiration measurement can be obtained
by using the same selected upper and lower electrodes
as are used for the ECG measurement. This facilitates,
for example, the arrangement of FIGURE 6 in which the
same ECG trunk 100 suitably feeds both the ECG instru-
ment 100 and the respiration monitor 115.

[0071] The embodiments disclosed with reference to
FIGURES 6-14 can be manufactured to be "MR condi-
tional"oreven"MR safe". The latter designation indicates
that a patient having the multifunction feeding tube can
safely undergo examination in any magnetic resonance
(MR) system; the former designation indicates that a safe
diagnosis is possible in some MR systems and/or with
under certain specified limitations such as a maximum
magnetic field strength. If the multifunction feeding tube
is "MR unsafe", it is optionally marked externally to indi-
cate this designation using a metallic coating on plastic
parts to supplement the required label icon and enhance
the probability that the feeding tube will be removed be-
fore an MRI examination.

[0072] By way of further illustrative example of embod-
iments conforming with the examples of FIGURES 6-14,
in one suitable embodiment a polyurethane tube is ex-
truded to define the feeding tube extrusion. The size is
approximately 1.7 mm outside diameter which corre-
sponds to 5 on the "French" (Fr) scale conventionally
used for catheter diameter specification. The two lumens
80, 84 run the length of the extrusion, which is approxi-
mately 30 cm in one contemplated embodiment. The
electrical lumen 84 has a substantially circular cross-sec-
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tion of about 0.5 mm (.02 in) diameter. The feeding lumen
80 has a larger cross-section and resembles a crescent
in shape, as shown in FIGURE 11, and in one embodi-
ment has cross-section area of approximately 0.78 mm2,
Advantageously, this 5 Fr multifunction feeding tube has
about same feeding lumen area as a conventional (sin-
gle-function) feeding tube, and, therefore, the flow rate
is similar.

[0073] At the proximal end, the multifunction feeding
tube has the inlet fitting 92 (that is, a "hub") to permit
entry of liquid food into the feeding lumen 80. In some
embodiments, the inletfitting 92 is an "enteral-only fitting"
rather than a standard Luer-taper fitting. Such an enteral
fitting accommodates only those syringes, pumps and
adaptors with a mating fitting, so that the feeding tube
cannot be inadvertently connected to the patient’s vas-
cular system. Optionally, a second hub (not shown) per-
mits administration of oral medications or food supple-
ments without disturbing the primary connection to a
pump or reservoir. Both hubs are preferably provided with
plugs or caps to preventbackflow and keep the hub clean.
The fitting is optionally color-coded orange or amber to
help identify its use as a feeding connection.

[0074] In one suitable embodiment, the temperature
sensing device 130 (or surface-mount or socketed device
130b) disposed inside the electrical lumen 84 is a ceramic
thermistor whose electrical resistance decreases as the
ambient temperature increases. A suitable location of the
thermistor 130 in the subject is in the esophagus, where
the lead-length can be relatively short. Placement of the
temperature sensorin the stomach is expected to provide
less accurate core body temperature measurement due
to possible temperature transients during ingestion of
food, and may reduce the operational life of the ceramic
thermister due to the potential for corrosion from the acid
environment inside the stomach. On the other hand,
placement of the temperature sensor too high up in the
esophagus (that is too proximally in the feeding tube)
results in a large number of wires of the set of wires 82
passing alongside the temperature sensor, which can be
problematic. Accordingly, in some embodiments a cen-
tral placement is chosen in which the temperature sensor
130 is between the upper set of electrodes 74, 75, 78,
79 and the lower set of electrodes 72, 73 (as illustrated).
[0075] In a suitable embodiment, the dual-lumen 80,
84 feeding tube extrusion (see FIGURE 8) is extruded
from polyurethane, silicone, or another suitable material.
The access openings 120, 122 are suitably made from
the outside of the extrusion into the electrical lumen 84
(but not through to the feeding lumen 80) by drilling,
punching or so forth in the locations where electrodes
are to be provided. The electrical assembly (see FIGURE
9) includes the thermistor 130 with its two lead wires. (In
some embodiments, it is contemplated to provide two or
more temperature sensors, for example with one or more
temperature sensors used in respiration measurement
as per the thermistors 28, 30 of the embodiment of FIG-
URE 1). The electrical assembly also includes a lead-
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wire for each electrode to be connected. The insulation
of each electrode wire is removed to form the bare wire
portions 132, either at the distal end of the wire or at some
intermediate point along the wire. The components are
then arranged or bundled together to form the electrical
assembly with the thermistor and the bare wire portions
located in the correct relative positions. During insertion
into the electrical lumen 84, the electrical assembly may
be held together manually. Additionally or alternatively,
the electrical assembly may be held together by an ad-
hesive, a fixture (e.g. ties or so forth), or the like.
[0076] The electrical assembly is pulled into the elec-
trical lumen 84 and aligned with the access openings
120. The electrically conductive adhesive portions 140
are injected into the access openings 120 so that these
portions are flush with, or slightly protruding from, the
tops of the access openings 120. The electrically con-
ductive adhesive defines an electrical path from the ap-
propriate bare wire portion to the outside of the feeding
tube extrusion. The electrically conductive adhesive por-
tions 140 optionally also adhere to the inside wall of the
electrical lumen 84 to secure the electrical assembly. Op-
tionally, a thermally conductive adhesive portion is inject-
ed into the thermal access opening 122 to mechanically
secure the thermistor 130 and to provide improved ther-
mal coupling with the exterior of the feeding tube.
[0077] The thermistor 130 is suitably a separate com-
ponent with a cylindrical case and two axial, insulated
wire leads on the same side. In an alternative embodi-
ment, the thermistor 130 is fabricated directly on a flexible
circuit (which may or may not be an elongated flexible
circuit board defining the wires of the set of wires 82),
trimmed to meet performance specifications, and encap-
sulated for electrical insulation.

[0078] Additional electrode elements, such as the il-
lustrative electrode rings 72, 73, 74, 75, 78, 79, are op-
tionally added. In one suitable approach, thin coating por-
tions of moderately-conductive paint are applied to the
outside of the tube, over the electrically conductive ad-
hesive portions 140. This material can be chosen for
properties appropriate to the electrode and for effective
bonding to the conductive adhesive portions 140. Alter-
natively, the electrically conductive adhesive portions
140 can directly define the external electrodes. In this
latter case, after injection into the access openings 120,
an external roller or other smoothing device is optionally
used to spread the material around the outside surface
to define an annular external contact surface for each
electrode. Alternatively, the additional electrode element
(e.g., exterior conductive coating portions) can be applied
to the exterior of the feeding tube extrusion before the
access openings 120 are punched or otherwise formed.
[0079] The multifunction feeding tube embodiments
described herein with reference to FIGURES 6-14 are
placed and used for feeding in the same way as with a
conventional feeding tube. Additionally, ECG waveform,
heart rate, and, optionally, impedance respiration rate
are obtained by connecting the electrical adaptor 96 to
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the conventional ECG trunk cable 100 the same way as
an array of surface electrodes are conventionally con-
nected. Advantageously, the same upper and lower elec-
trodes across the patient heart electrical centerline CL
can be used for both ECG and respiration measure-
ments. An advantage of the disclosed multifunction feed-
ing tube is that the nurse, physician or other medical per-
sonnel do not need to connect electrodes for ECG to their
respective "correct" locations (e.g., right-arm electrode
to the RA channel, left leg to the LL channel, et cetera).
When using the ECG capability of the multifunction feed-
ing tube, the standard labels on the monitor (e.g. "Lead
II") do not apply, the waveforms may not precisely repli-
cate those of a conventional ECG. However, the heart
rate and respiration rate are accurately measured. In sim-
ilar fashion, by connecting the electrical adaptor 96 to
the temperature probe cable 102, core body temperature
is monitored continuously from the esophagus.

[0080] The invention has been described with refer-
ence to the preferred embodiments. Modifications and
alterations may occur to others upon reading and under-
standing the preceding detailed description. Itis intended
thatthe invention be construed as including all such mod-
ifications and alterations insofar as they come within the
scope of the appended claims or the equivalents thereof.

Claims
1. A device comprising:

a feeding tube (70) including a feeding lumen
(80) with an opening (152) at a distal end of the
feeding tube and an electrical lumen (84) having
access openings (120) spaced apart along the
feeding tube; the device further comprising:

a set of insulated electrical conductors (82)
disposed in the electrical lumen, the set of
insulated electrical conductors having elec-
trically exposed portions (132, 132a, 132b)
proximate to the access openings; and
electrically conductive material portions
(140) disposed in the access openings and
electrically contacting the proximate electri-
cally exposed portions of the set ofinsulated
electrical conductors disposed in the elec-
trical lumen; characterized by

the electrically conductive material portions
(140) filling the access openings (120) and
having flush or slightly protruding surfaces,
electrically conductive coatings disposed at
least over the electrically conductive mate-
rial portions (140) disposed in the access
openings (120), and

annular electrically conductive elements
(72,73,74,75,78, 79) disposed around the
outside of the feeding tube (70) and electri-
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cally contacting the electrically conductive
material portions (140) disposed in the ac-
cess openings (120).

The device as set forth in claim 1, wherein the elec-
trically conductive material portions (140) comprise
electrically conductive adhesive portions disposed
in the access openings (120) and adhering to the
proximate electrically exposed portions (132, 132a,
132b).

The device as set forth in claim 2, wherein the elec-
trically conductive adhesive portions (140) also ad-
here to the electrical lumen (84).

The device as set forth in any one of claims 2-3,
wherein the electrically conductive adhesive por-
tions (140) comprise electrically conductive polymer
material portions.

The device as set forth in claim 4, wherein the cured
electrically conductive polymer material portions
(140) comprise electrically conductive epoxy por-
tions.

The device as set forth in any one of claims 1-5,
wherein the electrically conductive material portions
(140) extend outside the access openings (120) to
cover portions of the outside of the feeding tube (70).

The device as set forth in any one of claims 1-6,
wherein the feeding tube (70) is sized and the elec-
trically conductive elements (72, 73, 74, 75, 78, 79)
are placable such that at least one lower or distal
electrically conductive element (72, 73) is disposable
in the esophagus, at least one upper or proximal
electrically conductive element (74, 75, 78, 79) is
disposable in the esophagus, and an expected pa-
tient heart electrical centerline (CL) is disposable be-
tween the at least one lower or distal electrically con-
ductive element and the at least one upper or prox-
imal electrically conductive element, wherein:

the at least one upper or proximal electrically
conductive element comprises a set of upper or
proximal electrically conductive elements (74,
75,78, 79),

the at least one lower or distal electrically con-
ductive element comprises a set of lower or dis-
tal electrically conductive elements (72, 73), and
the device is configured to selectably operatively
connect a selected one of the set of upper ECG
electrically conductive elements (74, 75, 78, 79)
and a selected one of the set of lower ECG elec-
trically conductive elements (72, 73) with an
ECG instrument (110) via the set of insulated
electrical conductors (82) disposed in the elec-
trical lumen (84).
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The device as set forth in claim 1-7, wherein the set
of insulated electrical conductors disposed in the
electrical lumen (84) comprises a set of wires (82),
and the electrically exposed portions comprise bare
wire portions (132, 132a).

The device as set forth in any one of claims 1-7,
wherein the set of insulated electrical conductors dis-
posed in the electrical lumen (84) comprises electri-
cally conductive traces of a flexible circuit board
(82b), and the electrically exposed portions com-
prise exposed portions (132b) of the electrically con-
ductive traces.

The device as set forth in any one of claims 9, further
comprising a temperature sensor electrically con-
nected to the flexible circuit board (82b) by surface
mounting or socket mounting or other standard
means of direct electrical interconnection such as
soldering.

A method of constructing a device, the method com-
prising:

forming a feeding tube (70) including a feeding
lumen (80) and an electrical lumen (84), the
electrical lumen having access openings (120)
spaced apart along the feeding tube;

inserting a set of insulated electrical conductors
(82) into the electrical lumen of the feeding tube,
the set of insulated electrical conductors having
electrically exposed portions (132, 132a, 132b)
that are proximate to the access openings after
the inserting; and

after the inserting, forming electrodes (72, 73,
74,78, 79) by a process including injecting elec-
trically conductive material portions (140) into
the access openings of the electrical lumen to
electrically contact the proximate electrically ex-
posed portions of the set of insulated electrical
conductors disposed in the electrical lumen;
characterized in that,

after the injecting,

outer electrode elements (72,73, 74, 75,78, 79)
or coating portions are disposed over at least
the electrically conductive material portions
(140) so as to define exterior surfaces of the
electrodes, wherein electrically conductive por-
tion (140) have flush or slightly protruding sur-
faces.

Patentanspriiche

1.

Vorrichtung, die Folgendes umfasst:

eine Erndhrungssonde (70) umfassend ein Er-
nahrungslumen (80) mit einer Offnung (152) an
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einem distalen Ende der Erndhrungssonde und
ein elektrisches Lumen (84) mit Zugangso6ffnun-
gen (120), die entlang der Erndhrungssonde be-
abstandet sind, wobei die Vorrichtung weiterhin
Folgendes umfasst:

einen Satzisolierter elektrischer Leiter (82),
die in dem elektrischen Lumen angeordnet
sind, wobei der Satz isolierter elektrischer
Leiter elektrisch freiliegende Abschnitte
(132, 132a, 132b) proximal zu den Zu-
gangsoffnungen hat; und

elektrisch  leitféhige Materialabschnitte
(140), die in den Zugangso6ffnungen ange-
ordnet sind und die proximalen elektrisch
freiliegenden Abschnitte des Satzes isolier-
ter elektrischer Leiter, die in dem elektri-
schen Lumen angeordnet sind, elektrisch
kontaktieren; dadurch gekennzeichnet,
dass

die elektrisch leitfahigen Materialabschnitte
(140) die Zugangsoffnungen (120) fillen
und bilindige oder leicht hervorstehende
Oberflachen haben,

elektrisch leitfahige Beschichtungen min-
destens auf den elektrisch leitfahigen Ma-
terialabschnitten (140), die in den Zugangs-
6ffnungen (120) angeordnet sind, angeord-
net sind, und

ringfdrmige elektrisch leitfahige Elemente
(72,73,74,75, 78, 79) um das AuRere der
Ernahrungssonde (70) herum angeordnet
sind und die in den Zugangsoéffnungen
(120) angeordneten elektrisch leitfahigen
Materialabschnitte (140) elektrisch kontak-
tieren.

Vorrichtung nach Anspruch 1, wobei die elektrisch
leitfahigen Materialabschnitte (140) elektrisch leitfa-
hige haftende Abschnitte umfassen, die in den Zu-
gangso6ffnungen (120) angeordnet sind und an den
proximalen elektrisch freiliegenden Abschnitten
(132, 132a, 132b) haften.

Vorrichtung nach Anspruch 2, wobei die elektrisch
leitfahigen haftenden Abschnitte (140) auch an dem
elektrischen Lumen (84) haften.

Vorrichtung nach einem der Anspriiche 2 bis 3, wo-
bei die elektrisch leitfahigen haftenden Abschnitte
(140) elektrisch leitfahige Polymermaterialabschnit-
te umfassen.

Vorrichtung nach Anspruch 4, wobei die ausgehér-
teten elektrisch leitfahigen Polymermaterialab-
schnitte (140) elektrisch leitfahige Epoxidabschnitte
umfassen.
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Vorrichtung nach einem der Anspriiche 1 bis 5, wo-
bei sich die elektrisch leitfahigen Materialabschnitte
(140) auRerhalb der Zugangsoéffnungen (120) erstre-
cken, um Abschnitte des AuReren der Ernahrungs-
sonde (70) abzudecken.

Vorrichtung nach einem der Anspriiche 1 bis 6, wo-
bei die Erndhrungssonde (70) derartig bemessen
und die elektrisch leitfahigen Elemente (72, 73, 74,
75, 78, 79) derartig platzierbar sind, dass mindes-
tens ein unteres oder distales elektrisch leitfahiges
Element (72, 73) in dem Osophagus angeordnet
werden kann, mindestens ein oberes oder proxima-
les elektrisch leitfahiges Element (74, 75, 78, 79) in
dem Osophagus angeordnet werden kann und eine
erwartete elektrische Patientenherz-Mittellinie (CL)
zwischen dem mindestens einen unteren oder dis-
talen elektrisch leitfahigen Element und dem min-
destens einen oberen oder proximalen elektrisch
leitfahigen Element angeordnet werden kann, wo-
bei:

das mindestens eine obere oder proximale elek-
trisch leitfahige Element einen Satz von oberen
oder proximalen elektrisch leitfahigen Elemen-
ten (74, 75, 78, 79) umfasst,

das mindestens eine untere oder distale elek-
trisch leitfahige Element einen Satz von unteren
oder distalen elektrisch leitfahigen Elementen
(72, 73) umfasst, und

die Vorrichtung konfiguriert ist, um auswahlbar
ein ausgewahltes Element aus dem Satz oberer
elektrisch leitfahiger EKG-Elemente (74, 75,78,
79) und ein ausgewahltes Element aus dem
Satz unterer elektrisch leitfahiger EKG-Elemen-
te (72, 73) Uber einen Satz von isolierten elek-
trischen Leitern (82), die in dem elektrischen Lu-
men (84) angeordnet sind, betriebsfahig mit ei-
nem EKG-Instrument (110) zu verbinden.

Vorrichtung nach den Anspriichen 1 bis 7, wobei der
Satz von isolierten elektrischen Leitern, die in dem
elektrischen Lumen (84) angeordnet sind, einen
Satz Dréhte (82) umfasst, und die elektrisch freilie-
genden Abschnitte blanke Drahtabschnitte (132,
132a) umfassen.

Vorrichtung nach einem der Anspriiche 1 bis 7, wo-
bei der Satz von isolierten elektrischen Leitern, die
in dem elektrischen Lumen (84) angeordnet sind,
elektrische Leiterbahnen einer flexiblen Leiterplatte
(82b) umfasst und die elektrisch freiliegenden Ab-
schnitte freiliegende Abschnitte (132b) von elektri-
schen Leiterbahnen umfasst.

Vorrichtung nach Anspruch 9, weiterhin umfassend
einen Temperaturflhler, der durch Oberflachen-
montage oder Steckmontage oder andere Standard-
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mittel der direkten elektrischen Verbindung wie L6-
ten elektrisch mit der flexiblen Leiterplatte (82b) ver-
bunden ist.

Verfahren zum Konstruieren einer Vorrichtung, wo-
bei das Verfahren Folgendes umfasst:

Bilden einer Ernahrungssonde (70) umfassend
ein Erndhrungslumen (80) und ein elektrisches
Lumen (84), wobei das elektrische Lumen ent-
lang der Ernadhrungssonde beabstandete Zu-
gangsoffnungen (120) hat;

Einfihren eines Satzes isolierter elektrischer
Leiter (82) in das elektrische Lumen der Erndh-
rungssonde, wobei der Satz isolierter elektri-
scher Leiter elektrisch freiliegende Abschnitte
(132, 132a, 132b) hat, die nach dem Einflhren
proximal zu den Zugangséffnungen liegen; und
nach dem Einfiihren Bilden von Elektroden (72,
73, 74, 78, 79) durch einen Prozess, der das
Injizieren von elektrisch leitfahigen Materialab-
schnitten (140) in die Zugangséffnungen des
elektrischen Lumens umfasst, um die proxima-
len elektrisch freiliegenden Abschnitte des Sat-
zes isolierter elektrischer Leiter, die in dem elek-
trischen Lumen angeordnet sind, elektrisch kon-
taktieren; dadurch gekennzeichnet, dass
nach dem Injizieren

aulere Elektrodenelemente (72, 73, 74,75, 78,
79) oder Beschichtungsabschnitte auf mindes-
tens den elektrisch leitfahigen Materialabschnit-
ten (140) angeordnet werden, um AuRenflachen
der Elektroden zu definieren, wobei die elek-
trisch leitfahigen Abschnitte (140) biindige oder
leicht hervorstehende Oberflaichen haben.

Revendications

1.

Dispositif comprenant :

un tube d’alimentation (70) comprenant une lu-
miére d’alimentation (80) avec une ouverture
(152) a une extrémité distale du tube d’alimen-
tation et une lumiéere électrique (84) ayant des
ouvertures d’accés (120) espacées l'une de
l'autre le long du tube d’alimentation ; le dispo-
sitif comprenant en outre :

un ensemble de conducteurs électriques
isolés (82) disposés dans la lumiere électri-
que, 'ensemble de conducteurs électriques
isolés ayant des parties électriquement ex-
posées (132, 132a, 132b) a proximité des
ouvertures d’acces ; et

des parties de matériau conducteur de
I'électricité (140) disposées dans les ouver-
tures d’accés et venant en contact électri-
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que avec les parties électriquement expo-
sées proches de I'ensemble de conduc-
teurs électriques isolés disposés dans la lu-
miére électrique ; caractérisé en ce que :

les parties de matériau conducteur de
I'électricité (140) remplissent les ouver-
tures d’acces (120) et présentent des
surfaces de niveau ou légérement
saillantes,

desrevétements conducteurs del'élec-
tricité sont disposés au moins sur les
parties de matériau conducteur de
I'électricité (140) disposées dans les
ouverture d'acces (120) et

des éléments annulaires conducteur
de I'électricité (72, 73, 74, 75, 78, 79)
sont disposés autour de I'extérieur du
tube d’alimentation (70) et viennent en
contact électrique avec les parties de
matériau conducteur de [électricité
(140) disposées dans les ouvertures
d’acces (120).

Dispositif selon la revendication 1, dans lequel les
parties de matériau conducteur de I'électricité (140)
comprennent des parties adhésives conductrices de
I'électricité disposées dans les ouvertures d’acces
(120) et adhérant aux parties proches électrique-
ment exposées (132, 132a, 132b).

Dispositif selon la revendication 2, dans lequel les
parties adhésives conductrices de I'électricité (140)
adhérent également a la lumiére électrique (84).

Dispositif selon’'une quelconque des revendications
2 et 3, dans lequel les parties adhésives conductri-
ces de I'électricité (140) comprennent des parties de
matériau polymere conducteur de I'électricité.

Dispositif selon la revendication 4, dans lequel les
parties de matériau polymére conducteur de I'élec-
tricit¢ durcies (140) comprennent des parties
d’époxyde conductrices de I'électricité.

Dispositif selon’'une quelconque des revendications
1 a5, danslequelles parties de matériau conducteur
de [l'électricité (140) s’étendent a l'extérieur des
ouvertures d’acces (120) pour recouvrir des parties
de I'extérieur du tube d’alimentation (70).

Dispositif selon'une quelconque des revendications
1 a6, dans lequel le tube d’alimentation (70) est ca-
libré et les éléments conducteurs de I'électricité (72,
73,74,75,78,79) peuvent étre placés de sorte qu’au
moins un élément conducteur de |'électricité inférieur
ou distal (72, 73) puisse étre disposé dans l'oeso-
phage, qu’au moins un élément conducteur del'élec-
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tricité supérieur ou proximal (74, 75, 78, 79) puisse
étre disposé dans I'oesophage et que 'axe électri-
que (CL) attendu du coeur du patient puisse étre
disposé entre le au moins un élément conducteur de
I'électricité inférieur ou distal et le au moins un élé-
ment conducteur de I'électricité supérieur ou proxi-
mal, dans lequel :

le au moins un élément conducteur de I'électri-
cité supérieur ou proximal comprend un ensem-
ble d’éléments conducteurs de I'électricité su-
périeurs ou proximaux (74, 75, 78, 79),

le au moins un élément conducteur de I'électri-
cité inférieur ou distal comprend un ensemble
d’éléments conducteurs de ['électricité infé-
rieurs ou distaux (72, 73) et

le dispositif est configuré pour connecter sélec-
tivement au plan opérationnel un élément choisi
del'ensemble d’éléments conducteurs de I'élec-
tricité ECG supérieurs (74,75, 78, 79) et un élé-
ment choisi de I'ensemble d’éléments conduc-
teurs de I'électricité ECG inférieurs (72,73) aun
instrument ECG (110) via I'ensemble de con-
ducteurs électriques isolés (82) disposés dans
la lumiére électrique (84).

Dispositif selon 'une quelconque des revendications
1 a7, dans lequel 'ensemble de conducteurs élec-
triques isolés disposés dans la lumiére électrique
(84) comprend un ensemble de fils métalliques (82)
etles parties électriquement exposées comprennent
des parties de fils métalliques nues (132, 132a).

Dispositif selon 'une quelconque des revendications
1 a7, dans lequel 'ensemble de conducteurs élec-
triques isolés disposés dans la lumiére électrique
(84) comprennent des traces conductrices de I'élec-
tricité d’'une plaquette de circuits flexible (82b) et les
parties électriqguement exposées comprennent des
parties exposées (132b) des traces conductrices de
I'électricite.

Dispositif selon 'une quelconque des revendications
9, comprenant en outre un capteur de température
connecté électriquement a la plaquette de circuits
flexible (82b) par un montage en surface ou un mon-
tage par prise ou un autre moyen standard d'’inter-
connexion électrique directe, tel qu’un brasage.

Procédé de construction d'un dispositif, le procédé
comprenant les étapes consistant a :

former un tube d’alimentation (70) comprenant
une lumiére d’alimentation (80) et une lumiere
électrique (84), la lumiére électrique ayant des
ouvertures d’accés (120) espacées l'une de
l'autre le long du tube d’alimentation ;

insérer un ensemble de conducteurs électriques
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isolés (82) dans la lumiere électrique du tube
d’alimentation, 'ensemble de conducteurs élec-
triques isolés ayant des parties électriquement
exposées (132, 132a, 132b) qui sont proches
des ouvertures d’accés aprés l'insertion ; et,
apres l'insertion, former des électrodes (72, 73,
74, 78, 79) par un procédé comprenant l'injec-
tion de parties de matériau conducteur de I'élec-
tricité (140) dans les ouvertures d’acces de la
lumiére électrique pour établir un contact élec-
trique avec les parties électriquement exposées
proches de I'ensemble de conducteurs électri-
quesisolés disposés danslalumiére électrique ;
caractérisé en ce que,

apres l'injection,

des éléments d’électrodes externes (72,73, 74,
75, 78, 79) ou des parties de revétement sont
disposées par-dessus au moins les parties de
matériau conducteur de I'électricité (140) de ma-
niére a définir les surfaces externes des élec-
trodes, dans lequel la partie conductrice de
I'électricité (140) a des surfaces de niveau ou
Iégérement saillantes.
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