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[57] ABSTRACT

A disposable esophageal probe incorporating the capa-
bility to detect ECG waveforms, heart sounds and to
measure body core temperature i1s described. The probe
incorporates a plastic tube with electrically conductive
pathways embedded in its side walls thereby eliminating
any lumen obstruction. Its distal end is enclosed by a
rubber sheath which provides a diaphragm for the
transmission of sounds into the lumen of the tube. An
integral disposable connector assembly is provided at its
proximal end to enable direct connection to be made to
the plastic pathways and the lumen. A modification of
the probe which allows it to monitor respiration rate is
also described.

6 Claims, 6 Drawing Figures
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DISPOSABLE ESOPHAGEAL AND TRACHEAL
MULTI-PROBES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to esophageal probes
and intratracheal tubes of the disposable variety.

Thoracic and pediatric surgical cases share common
problems: the absence of suitable sites for the attach-
ment of surface ECG electrodes; the need for continu-
ous body core temperature monitoring; and the need to
monitor heart and lung sounds. Instrumented probes
have been employed to meet these clinical requirements
in the past.

One example of such an esophageal probe, is shown
in U.S. Pat. No. 3,951,136 to T. D. Wall. Disclosed
therein is a multipurpose esophageal probe having the
capability to monitor ECG, heart sounds and body core
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temperature. The Wall type probe has a number of 25

deficiencies. Electrical interconnection to the ECG
contacts are made via wires which pass internal to the
lumen of the tube and are electrically connected at
points within the lumen. When that probe is in use, it is
inserted into the patient’s mouth and then makes a 90°
bend into the esophagus. The internal wires tend to
block the lumen of the probe and distort the heart
sounds which can be monitored via a stethescope at-
tached to the proximal end of the probe. In addition,
when such a probe is employed for pediatric purposes,
of necessity, the probe tube must have a small diameter.
Under such conditions, internal wires substantially alter

the heart sounds. Furthermore, when the patient either

inhales or exhales the movement of the conductors
within the lumen create noise which further impairs the
quality of the heart and lung sounds. |

Finally, the internal wires, being comprised of an
insulated metallic conductor may significantly impair
the flexibility of the esophageal probe. The probe’s
lessened flexibility renders it more difficult for the phy-
sician to properly emplace the probe.

U.S. Pat. No. 3,499,435, to Rockwell, et al. shows
another type of probe which achieves an unobstructed
lumen, by emplacing the metal conductor internal to the
wall of the probe. While achieving one beneficial result,
the Rockwell probe tends to sacrifice the important
feature of probe flexibility by this construction, and
requires at least a second external electrode to obtain
ECG signals.

Conductive plastics having the requisite flexibility
desired for an esophageal probe are known. However,
they have the undesirable characteristic of having an
extremely high resistivity unless they are heavily loaded
with a conductive material (e.g., carbon). For certain
purposes, a high resistivity is acceptable, e.g., a ground-
ing stripe exposed to the exterior of the probe—the U.S.
Pat. No. 3,070,132 to Sheridan. However, to achieve
reasonable conductivity, the plastic must be loaded with
so much conductor that if it is exposed to the patient, it
is likely that the conductive material will leach out into
the patient—an obviously undesirable resuit.
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Accordingly, it 1s the object of this invention to pro-
vide esophageal and tracheal probes which are both
flexible and disposable.

Another object of this invention is to provide esopha-
geal and tracheal probes which are inexpensive and are
characterized by an unobstructed lumen.

A further object of this invention is to provide esoph-
ageal and tracheal tubes with the necessary flexibility
and unobstructed air way and which also provide a
means for obtaining ECG signals, body temperature,
and either heart and breath sounds or respiratory rate.

BRIEF DESCRIPTION OF THE INVENTION

The invention herein described utilizes an elongated
plastic tube which has embedded in the walls thereof,
vinyl/carbon conducting pathways. The distal end of
one version of the tube contains a thermistor or other
temperature measuring integrated circuit connected to
conducting vinyl/carbon pathways. Completely enclos-
ing the distal end is a latex membrane. At least a pair of
conducting rings are emplaced on the exterior of the
tube and provide ECG contacts. Several methods for
making interconnection between the rings and the inter-
nal conductors are disclosed. The proximal end of the
tube terminates in a plastic interconnector which is also
part of the disposable assembly. The tracheal version of
the tube does not utilize the latex membrane closure.

A BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of the esophageal probe.

FIG. 2 is an enlarged cross-sectional detail taken on a
plane passing along line 2—2 in FIG. 1.

FIG. 3 is an enlarged cross-sectional detail of an
alternative ECG contact ring.

FIG. 4 is an exploded view of the proximal end of the
probe showing the details of the electrical interconnec-
tions.

FIG. § is an intra-tracheal breathing tube of similar
extruded construction.

FIG. 6 is a detail of the connector plug showing the
thermal respiration detector. "

Referring now more particularly to FIG. 1, the
esophageal probe comprises two main components tube
portion 10 and interconnector portion 12. Tube portion
10 is comprised of an elongated plastic tube 14 com-
prised preferably of polyvinylchloride. Standard PVC
surgical quality extruded tubing is satisfactory. Totally
embedded within the wall of tube 14 are a plurality of
longitudinal conductive pathways 16 which are of equal
flexibility to tube 14. This structure is shown in section
in FIG. 2. Each pathway is comprised of a carbon-filled
vinyl which is co-extruded during the extrusion of tube
14. Each conductive pathway 16 can be heavily loaded
with carbon due to the fact that it is completely en-
closed and insulated by the wall of the tube 14. This

‘enables the resistivity of the conductive pathways to be

kept quite low (i.e., on the order of 3,000 ohms per foot
or less). Conductive pathways 16 are all of identical
cross-section with the exception of pathway 18 which is
used for alignment purposes.

Stainless steel or other bio-compatible material, ECG
electrodes 20 and 24 are attached to the exterior of tube
14. Referring to FIG. 2, electrode 24 1s interconnected
with one of the pathways 16 via retaining cleats 28
which puncture the PVC surface of the tube 14 and
enter pathway 16 upon the emplacement of the elec-

trode.
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An alternate ECG electrode arrangement is shown
FIG. 3. A carbon impregnated heat shrinkable vinyl
collar 30 may be slipped over tube 14 and heat shrunk
thereupon. Interconnection is made to one of pathways
16 by scraping away a portion of the PVC insulation
prior to heat shrinking.

Optional conductive collar 26 is a common ground
return and 1s also interconnected to one conductive
stripe 16.

At the distal end of tube 14, a thermistor or other
temperature measuring integrated circuit 32 is emplaced
and interconnected between a pair of conductors 16 via
cleats (not shown). The effective impedance of thermis-
tor 32 must be substantially higher than the impedance
of pathways 16 to enable small temperature variations
to be sensed. The entire end of the tube is enclosed by a
thin latex membrane 34. Membrane 34 serves two func-
tions; it has a low acoustic loss and allows heart and
lung sounds to be transmitted via the open lumen and
optional acoustic ports (not shown) in the wall of tube
10 and 1t further prevents body fluids from entering the
lumen. Membrane 34 is retained upon tube 10 by the
attachment of electrode 20.

Electrical connections to tube 14 and its internal
conductive pathways 16 are provided by connector
assembly 12 which is shown in greater detail in FIG. 4.
Disposable portion 40 of connector assembly 12 in-
ciudes flanged plastic tube 42 {e.g. made of polystyrene)
around the periphery of which are mounted a plurality
of conductive pins 44 which are pointed at one end. A
non-disposable female interconnector 46 fits over tube
42 and mterconnects each of pins 44 with output cable
48. Female “Leur” connector 50 affixed to physician’s
stethescope engages male “Leur” fitting 42 integral
with plug 40.

Interconnection between conductive pathways 16
and pins 44 is made when tube 14 mates with tube 42,
thereby allowing pins 44 to penetrate conductors 16.
Alhgnment conductor 18 is caused to mate with the
interconnecting pin 44 which is aligned with keyway
52.

In F1G. 5, there is shown an intra-tracheal breathing
tube 54 of substantially similar construction to the probe
of FIG. 1 except that rubber sheath 34 has been re-
moved to provide an unobstructed breathing pathway
to interconnector 5§.

Interconnector 35 provides through air flow path 60
with port 61 suitable for connection to standard respira-
tor or ventilator fittings. A rapid response thermal de-
tector such as an Analog Devices 590 integrated circuit
temperature .chip 63 detects respiratory flow 60. The
chip is internally connected to plug pins 62, and signals
are transmitted to ancillary apparatus by the mating of
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4
62 with female sockets 64 in receptacle 5§9. Body tem-

perature sensor 65 mounted in the outer wall of tube 54
Is connected to two of the multiple conductive stripes
36. At assembly of tube 54 with connector 55 stripes 56
engage pins 67 fmming an electrically conductive cir-
cuit.

What is claimed is:

1. A disposable [esophageal] probe comprising a flexi-
ble plastic tube having proximal and distal portions and an

unobstructed lumen, said tube adapted to be inserted into
a patient’s mouth and then into either the esophagus or

the trachea;

a plurality of conductive pathways longitudinally
embedded in the wall of said plastic tube, said path-
ways having substantially similar flexibility to said
plastic tube and being insulated from each other
and the patient by the plastic of said tube;

a least a pair of conductive bands encircling said
tube’s distal portion, each band making contact
with at least one embedded conductive pathway
and being adapted to receive ECG signals and

a connector plug mounted on the proximal portion of
said plastic tube, said connector plug having a plu-
rality of sharp metal connecting pins which pierce
and electrically connect to said conductive path-
ways, said plug further having an unobstructed
lumen which mates with the lumen of said tube.

2. The invention as defined in claim 1 wherein each of
said pathways camprises a vinyl impregnated carbon
conductor.

3. The invention as deﬁned in claim 1, for a probe
which is to be inserted into the esophagus, further includ-
ing a [diaphragm sheath of latex] membrane over the
lumen at the distal portion of the tube.

4. The invention as defined in claim 1 further includ-
ing a temperature sensing element capable of transmit-
ting a signal by means of said conductive pathways, said
sensing element connected between at least a pair of
said conductive pathways and positioned at the distal
portion of said tube.

5. The mvention as defined in claim 1 wherein said
connector plug includes an additional interconnecting
portion which mates with said connecting pins, but is
demountable therefrom, to make connection between
said connecting pins and external monitoring circuitry.

6. The invention as defined in claim [5] 7, for a probe
which is to be inserted into the trachea, further including
a temperature sensor mounted within said connector
plug and communicating with respired air which passes
adjacent thereto to provide a signal equated with the

movement of the air.
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