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Description

FIELD OF USE

[0001] Embodiments of this invention are directed to
an apparatus for measuring one or more physiological
properties within a body of a subject.

BACKGROUND

[0002] Gastrointestinal monitoring systems measure
one or more physiological properties at a location within
the gastrointestinal (GI) tract of a subject. Systems that
monitor reflux of gastric contents into the esophagus
(gastroesophageal reflux) and also above the esophagus
into the pharynx and larynx aid in diagnosis and treatment
of various GI disorders and conditions, such as gastroin-
testinal reflux disease (GERD), heartburn, esophageal
scarring (possibly accompanied by dysphagia), reflux es-
ophagitis, Barrett’s esophagus, laryngitis and chest pain.
In physiological monitoring systems, values of physio-
logical properties of interest (e.g. pH, pressure, temper-
ature, etc.) are measured at a location within a body lu-
men or an organ of the subject, and information regarding
the measured values is sent to a device external to the
subject that receives the information and may record,
analyze and/or transfer the information.
[0003] Some known upper GI (i.e. pharyngeal, es-
ophageal, and gastric) pH measurement systems em-
ploy large diameter (typically ≥1.5 mm diameter) relative-
ly stiff catheters that facilitate patient intubation. In such
a system, a large diameter catheter is positioned with a
detecting portion of the catheter within the patient and a
proximal portion of the catheter exiting out through the
patient’s nose and extending to a remote data logging
device, which is normally located at the patient’s waist.
The catheter remains within the patient throughout the
monitoring process (typically about 24 hours), often caus-
ing pain and discomfort that may affect the patient’s diet
and ability to sleep and thereby negatively affect the de-
gree to which collected data are representative of the
true patient condition. Additionally, the patent may be
self-conscious about the appearance of the catheter ex-
iting the patient’s nose and extending down the patient’s
neck, causing the patient to restrict his or her activities,
such as work or other physical activities during monitor-
ing.
[0004] Capsules that use micro-electronics and sen-
sors have been developed for physiological measure-
ments within the GI track (e.g. Smart Pill Diagnostics,
Inc.). Such remote sensing capsules wirelessly transmits
physiological data (e.g. pH, temperature, pressure, etc.)
measured at the capsule’s current location as the capsule
moves through the GI system. A known monitoring sys-
tem including such capsules may avoid the pain, discom-
fort and appearance issues associated with known cath-
eter systems. However, the remote sensing capsules,
which are swallowed, do not take measurements at a

fixed location in the GI system over an extended period
of time because the remote sensing capsule does not
maintain a fixed location within the GI system and is car-
ried along the GI system over time.
[0005] One known method to fix an internal body loca-
tion of a remote sensing capsule for measurements of
esophageal pH is to tether the capsule to the patient’s
tooth. However, the tooth attachment method suffers
from substantial drawbacks associated with operator dif-
ficulty with attachment of the tether to the tooth, and pa-
tient intolerance due to discomfort of the tether in the
pallet including elicitation of the gag reflex.
[0006] Another method to fix an internal body location
of a remote sensing capsule is implantation of an implant-
able remote sensing capsule within the GI tract of a sub-
ject (e.g. Bravo™, Medtronic, Minneapolis, MN). The re-
mote sensing capsule may be implanted by a doctor us-
ing an endoscopic procedure requiring sedation or gen-
eral anesthesia. Endoscopic implantation has a 2-4% risk
of complications requiring emergency removal of the cap-
sule. Another known implantation technique involves
passing the capsule through the nasal passage; howev-
er, the large size of known remote sensing capsules,
which include transmitters and batteries, may result in
trauma to the patient during insertion of the capsule
through the nasal passage.
[0007] WO-A-2007/007724 discloses a device for
monitoring the inside of a body stably and correctly using
an easy-to-operate self-retaining technology, comprising
a capsule type endoscope, being swollen from the mouth
in order to acquire information in the body cavity of a
subject and transmit and output the information thus ac-
quired to the outside of the body by radio, a string-like
member coupled with the capsule type endoscope and
positioning the swollen capsule type endoscope at the
gastrocardiac portion, and a securing section provided
at a position forming a part of the string-like member
where a length from the capsule type endoscope corre-
sponds to a length from the gastrocardiac portion to the
esophagus portion in order to secure the string-like mem-
ber, positioning the capsule type endoscope at the gas-
trocardiac portion, to the esophagus portion by means
of an endoscope securing means. The capsule type en-
doscope is self-retained at the gastrocardiac portion
where the interior of stomach can be checked entirely
and easily, and the capsule-type endoscope itself is se-
cured easily in the esophagus portion by using the se-
curing portion.
[0008] US 2005/0038370 A1 discloses a fastening de-
vice is for anchoring a surgical or diagnostic medical aid
in the tissue of a human or animal hollow organ. The
fastening device includes an anchor head, which is con-
figured to penetrate the tissue; a driving device for driving
the anchor head into the tissue; and a trigger device to
trigger the driving of the anchor head into the tissue.
[0009] US 2005/0085697 A1 discloses a gastrointes-
tinal tract examining apparatus includes a capsular en-
doscope which examines the gastrointestinal tract, a flex-
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ible tube member, a flexible string member which is in-
serted in the tube member; and a connecting portion
which is arranged to the capsular endoscope. In the gas-
trointestinal tract examining apparatus, the tube member
is separated from the capsular endoscope by detachably
connecting the string member to the connecting portion.

SUMMARY

[0010] According to the present invention, there is pro-
vided a physiological sensor-transmitter assembly as set
out in claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 schematically depicts an exemplary physio-
logical sensor-transmitter assembly being used to
measure a value of a physiological property at an
internal body location of a subject and to transmit
information regarding the measured value to a re-
ceiver external to the body of the subject without a
wired connection, according to an embodiment of
the invention;
FIG. 2 schematically depicts the exemplary physio-
logical sensor-transmitter assembly shown in Fig. 1;
FIG. 3A schematically depicts a plan view of an an-
chor and a transmitter disposed at the anchor, ac-
cording to an embodiment of the invention;
FIG. 3B schematically depicts a side cross-sectional
view of the anchor and transmitter shown in FIG. 3A;
FIG. 4A schematically depicts an embodiment of a
distal end portion of the tether and the sensor, ac-
cording to an embodiment of the invention;
FIG. 4B schematically depicts a different embodi-
ment of a distal end portion of the tether a first sensor
and a second sensor;
FIG. 5A schematically depicts an assembly with a
transmitter disposed at the anchor, according to an
embodiment of the invention;
FIG. 5B schematically depicts an assembly with a
transmitter disposed at the anchor, a first sensor and
a second sensor, according to another embodiment
of the invention;
FIG. 5C schematically depicts an assembly with a
transmitter disposed at a distal end portion of the
tether, according to another embodiment of the in-
vention;
FIG. 5D schematically depicts an assembly having
a first sensor, a second sensor and a transmitter dis-
posed at the first sensor, according to another em-
bodiment of the invention;
FIG. 5E schematically depicts an assembly having
a first sensor, a first transmitter disposed at the first
sensor, a second sensor, and a second transmitter
disposed at the second sensor, according to another
embodiment of the invention;

FIG. 5F schematically depicts an assembly having
a first sensor, a first transmitter disposed proximal
to the first sensor, a second sensor and a third sen-
sor, according to another embodiment of the inven-
tion;
FIG. 6A schematically represents an assembly hav-
ing a first pH sensor, a second pH sensor, a first
impedance sending component and a second im-
pedance sensing component, according to an em-
bodiment of the invention;
FIG. 6B schematically represents further details of
the second pH sensor and the second impedance
sensing component shown in FIG. 6A, according to
another embodiment of the invention;
FIG. 7 schematically depicts an instrument for insert-
ing and positioning a sensor of an assembly with a
connected tether, in accordance with an embodi-
ment of the present invention;
FIG. 8A depicts a side cross-sectional view of a de-
ployment section of an instrument with a push de-
ployment mechanism, according to an embodiment
of the invention;
FIG. 8B depicts a front view of the deployment sec-
tion shown in FIG. 8A;
FIG. 9A depicts a side cross-sectional view of a dif-
ferent embodiment of a deployment section with a
push deployment mechanism, according to an alter-
native embodiment of the invention;
FIG. 9B depicts a front view of the deployment sec-
tion shown in FIG. 9A;
FIG. 10A depicts a side cross-sectional view of a
deployment section having a pull deployment mech-
anism, according to another embodiment of the in-
vention;
FIG. 10B depicts a front view of the deployment sec-
tion shown in FIG. 10A; FIG. 11A depicts a side
cross-sectional view of a deployment section having
an air pressure deployment mechanism, according
to another embodiment of the invention;
FIG. 11B depicts a front view of the deployment sec-
tion shown in FIG. 11A; FIG. 12A depicts a cross-
sectional view of a deployment section of an instru-
ment having an inflatable portion in a retaining state,
according to another embodiment of the invention;
FIG. 12B depicts a cross-sectional view of the de-
ployment section of FIG. 12A, in a release state;
FIG. 13 schematically depicts a distal end portion of
an insertion section of an instrument having instru-
ment sensors adapted to determine a location of the
deployment section, according to another embodi-
ment of the invention;
FIG. 14A is a flow chart illustrating a first portion of
a method of monitoring a physiological property at a
selected internal body location over time that in-
cludes inserting and positioning a physiological sen-
sor-transmitter assembly, in accordance with an em-
bodiment of the invention; and
FIG. 14B is a flow chart illustrating a second portion
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of a method of monitoring a physiological property
at a selected internal body location over time that
includes receiving and recording information regard-
ing values measured by a sensor of the assembly,
in accordance with an embodiment of the invention.

[0012] Other advantages, novel features, and objects
of the invention, and aspects and embodiments thereof,
will become apparent from the following detailed descrip-
tion, when considered in conjunction with the accompa-
nying drawings, which are schematic and which are not
intended to be drawn to scale. In the figures, each iden-
tical or nearly identical component that is illustrated in
various figures is represented by a single numeral. For
purposes of clarity, not every component is labeled in
every figure, nor is every component of each embodiment
or aspect of the invention shown where illustration is not
necessary to allow those of ordinary skill in the art to
understand the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] In the following there is described an apparatus
for measuring a value of at least one physiological prop-
erty at an internal body location of a subject. The appa-
ratus includes a sensor adapted to measure a value of
a physiological property (e.g. pH, temperature, pressure,
electrical impedance, etc.) at a selected internal body
location. The apparatus includes a transmitter adapted
to transmit information regarding the measured value to
a receiver outside of the subject without a wired connec-
tion to the receiver.
[0014] The apparatus further includes a tether and an
anchor adapted to maintain an internal body location of
the sensor. The anchor is adapted to attach to an exter-
nally accessible body surface of the body (such as within
a nasal cavity of the patient, or a body surface external
to and adjacent to the nasal cavity or mouth). The tether
connects the anchor disposed at a proximal end portion
of the tether with the sensor disposed at a distal sensor
within the GI tract of the subject, allowing the sensor to
measure the physiological property at a selected location
over time while reducing discomfort associated with "pull"
by the subject’s organs, such as may be experienced
with conventional catheters.
[0015] The following also describes an instrument for
inserting and positioning a physiological sensor-trans-
mitter assembly having a sensor with a connected tether
is provided. The instrument includes an insertion section
of the instrument with a diameter suitable for insertion
through the nasal-gastric segment of the gastrointestinal
tract of the subject. The instrument also includes a de-
ployment section disposed at a distal end portion of the
insertion section that is configured to retain the sensor
with the connected tether when the instrument is in a
retention state. The instrument also includes a deploy-
ment mechanism adapted to release the sensor from the
deployment section in the gastrointestinal tract of the

subject by changing the instrument state from a retention
state to a release state.
[0016] The following also describes a method of re-
motely monitoring a physiological value at a selected lo-
cation within a body of a subject. The method includes
providing a physiological measurement sensor- transmit-
ter assembly that has a transmitter, an anchor, a sensor,
and a tether connecting the anchor and the sensor. The
method also includes providing an instrument adapted
to insert and position the sensor with the connected tether
in a subject that has an insertion section having a prox-
imal end portion and a distal end portion, a deployment
with the connected tether before deployment, and a de-
ployment mechanism adapted to deploy the sensor from
the deployment section. The method also includes in-
serting the distal end portion of the insertion section of
the instrument through a nasal-gastric segment of a gas-
trointestinal tract of the subject and advancing the distal
end portion of the insertion section along the gastroin-
testinal tract until the deployment section is positioned
at the selected internal body location. The method also
includes deploying the sensor with the connected tether
at the selected internal body location using the deploy-
ment mechanism. The method also includes attaching
the anchor to an externally accessible surface of the sub-
ject’s body. The method includes withdrawing the inser-
tion section of the instrument through the nasal-gastric
segment of the subject and wirelessly receiving a signal
from the transmitter including information regarding a val-
ue of a physiological property measured by the sensor
at the selected internal body location for a period of time.
[0017] An improved physiological monitoring system
is more simply and less invasively deployed. An improved
monitoring system is also more comfortable to a subject
and less visible while used. The inventor has appreciated
that known physiological monitoring systems for the up-
per gastrointestinal (GI) tract that employ catheters ex-
tending from the upper GI tract through the nose and to
the waist may cause patient pain, discomfort, and self-
consciousness. Systems that employ implanted remote
sensing capsules involve moderately invasive implanta-
tion procedures having non-negligible complication rates
and may cause trauma to a subject’s nasal cavity if in-
troduced transnasally.
[0018] Embodiments of the present invention provide
a physiological sensor-transmitter assembly. An exem-
plary physiological sensor-transmitter assembly has a
sensor, an anchor adapted to attach to an externally ac-
cessible portion of the subject’s body, a tether connecting
the anchor and the sensor, and a transmitter. The anchor
and tether restrain the sensor from moving relative to the
gastrointestinal tract (GI) of the subject. The small diam-
eter tether reduces pain and discomfort due to organ pull,
relative to known large diameter catheter systems. The
transmitter transmits information regarding the values
measured by the sensor to a receiver without a wired
connection with the receiver. Because of its small size
and location either at the anchor or elsewhere along the
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tether, the transmitter avoids the spectacle associated
with a known catheter system that has the catheter exiting
the nose of the subject and extending to the subject’s
waist. The small size of elements of the assembly and
the ability to anchor the assembly at an externally acces-
sible portion of the subject’s body avoid intrusive implan-
tation procedures that may be associated with known
implanted remote capsule sensor/transmitters.
[0019] In some embodiments, a small diameter tether
is used. The inventor has appreciated that a small diam-
eter tether can significantly reduce the level of discomfort
experienced by a patient for whom physiological condi-
tions are being monitored. Use of a small diameter tether
leads to the patient experiencing relatively little sensation
of a foreign body in the patient’s throat and/or nasal pas-
sage, which can be alarming sensation. Also, the patient
experiences relatively little pulling sensation, particularly
in the nasal passage, as sections of a sensor assembly,
which are located in the esophagus, are pull via peristal-
sis in the in the esophagus against the anchored portions
of the assembly. Small diameter sensors may likewise
be used.
[0020] Although aspects of embodiments described
below are described primarily in relation to measure-
ments of physiological properties (e.g. pressure, pH lev-
el, temperature, voltage, tissue impedance, etc.) within
the upper gastrointestinal tract of a human subject, such
aspects are not limited to the upper gastrointestinal tract
of humans, but also apply to other internal body lumens
and organs of human and non-human subjects. Physio-
logical properties that may be measured include any
physiological property for which there is suitable sensor.
The function and advantage of these and other embod-
iments of the present invention will be more fully under-
stood from the examples described below. The following
examples are intended to facilitate an understanding of
aspects of the present invention and their benefits, but
do not exemplify the full scope of the invention.
[0021] FIG. 1 schematically depicts an exemplary
physiological sensor-transmitter assembly 24 being used
to measure values of at least one physiological property
(e.g. pressure, pH level, temperature, voltage, tissue im-
pedance, etc.) at an internal body location of a subject
10 and transmit information regarding the measured val-
ues to a receiver 22 external to the body via non-wired
transmission, in accordance with an embodiment of the
invention. The assembly 24 includes a sensor 50 adapted
to measure a value of a physiological property at a se-
lected internal body location when the sensor 50 is po-
sitioned at the selected internal body location. Here, the
internal body location is within the subject’s upper GI
tract. As depicted, the sensor 50 is located in the esopha-
gus 16 of the subject.
[0022] The sensor 50 is restrained from traveling fur-
ther down the GI tract of the subject 10 by an anchor 30
and a tether 40 that connects the anchor 30 with the
sensor 50. The anchor 30 is adapted to attach to an ex-
ternally accessible portion of a surface of the body 10.

For reference purposes, when describing a path that ex-
tends from the nostril of the patient to the stomach of the
patient, proximal will refer to a direction on the path to-
ward the nostril and distal will refer to a direction on the
path toward the stomach. The anchor 30 may be adapted
to attach to a body location proximal to the esophagus
of the subject. In some embodiments, the anchor 30 may
be adapted to attach to a body location in or near the
nasal cavity of the subject (as depicted). In other embod-
iments, the anchor 30 may be adapted to attach to a
surface of the nasal cavity or to skin on the face of the
subject. The tether 40 connects the anchor 30 disposed
at a proximal end portion 40a of the tether with the sensor
50 disposed at a distal end portion 40d of the tether.
When the anchor 30 is attached to a body location of the
subject, the tether 40, which connects the anchor 30 and
the sensor 50, prevents the sensor 50 from moving fur-
ther along the GI tract of the subject.
[0023] The assembly 14 also includes a transmitter 60
adapted to transmit information regarding a value of a
physiological property measured by the sensor to a re-
ceiver 22 located external to the body of the subject 10,
without a wired connection with the receiver 22 (e.g. via
a wireless radio frequency (RF) signal, via an infrared
(IR) signal, etc.). The transmitter 60 may be a transmitter
as known in the art or any suitable transmitter.
[0024] The receiver 22 may be attached to the subject,
carried by the subject or in proximity to the subject. The
receiver 22 may be inconspicuously located on or near
the head of the subject, such as in a necklace, pendant
or tucked behind the ear of the subject, or elsewhere on
the subject. Because a location of the sensor 50 is main-
tained by the anchor 30 and the tether 40, the assembly
24 may transmit information regarding multiple values of
a physiological parameter measured at the same internal
body location over an extended period of time.
[0025] FIG. 1 also depicts an instrument 110 for insert-
ing and positioning the sensor 50 and the connected teth-
er 40 of the assembly 24 at a selected internal body lo-
cation. The instrument is adapted to hold and retain the
sensor 50 with the connected tether in a distal end portion
110d of the instrument 110 as the instrument is inserted
into the subject through the naso-sinus segment. The
distal end portion 110d of the instrument is advanced into
the subject until the sensor 50 is positioned at the select-
ed internal body location. The sensor 50 with the con-
nected tether 40 is deployed and the instrument 110 is
withdrawn from the subject without withdrawing the sen-
sor 50 and the connected tether 40. Further details re-
garding the instrument 110 are described below with re-
spect to FIGS. 6-12.
[0026] Many different electronic elements and elec-
tronic components that may be incorporated into a phys-
iological sensor-transmitter assembly 24 will be collec-
tively referred to as "electronics" herein. Such electronics
may include, but are not limited to: analog to digital con-
verters (ADCs) to convert analog voltages to digital sig-
nals, elements for signal processing, one or more batter-
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ies for powering the transmitter 60 and/or the sensor 50,
receptacles to receive batteries, electrical contacts, etc.
In some embodiments, portions of the electronics may
be incorporated into, or integral with, the transmitter 60,
the sensor 50, the tether 40 and the anchor 30. In other
embodiments, the electronics may be integrated into an
electronics unit separate from the transmitter 60 and the
sensor 50. The electronics may be constructed using
known electronics manufacturing techniques or in any
other suitable way.
[0027] Although the sensor 50 is depicted at a partic-
ular location in the subject’s esophagus 16, the sensor
50 may be positioned at any point along the upper gas-
trointestinal (GI) tract of the subject. Additionally, the as-
sembly 24 may include more than one sensor 50, and
each may be disposed at a different location of the as-
sembly 24. Electronics associated with the sensor 50
may be disposed at different locations on the assembly
24. Additional details regarding embodiments of the sen-
sor are described below with respect to FIGS. 4A-5F.
[0028] Although the transmitter 60 is depicted at the
anchor 30 in the embodiment illustrated in FIG. 1, the
transmitter may be disposed at any location on the as-
sembly 24. In some embodiments, a transmitting element
of the transmitter 60 may be spatially separated from
other electronics associated with the transmitter 60. In
some embodiments, the transmitter 60 is disposed at a
proximal end portion of the assembly 24b. In other em-
bodiments, the transmitter 60 is disposed at a distal end
portion of the assembly 24b. In some embodiments, part
of the transmitter is disposed at a proximal end portion
24a of the assembly and part of the transmitter is dis-
posed at a distal end portion of the assembly. In some
embodiments, the transmitter 60 is disposed at the an-
chor 30, at the sensor 50 or near the sensor 50. In other
embodiments, the transmitter 60 may be integrated in a
same unit as the sensor 50 or integrated in a same unit
as the anchor 60. The assembly 24 may include more
than one transmitter 60 and each transmitter may be dis-
posed at a different position on the assembly 24. In other
embodiments, electronics may couple signals represent-
ing measurements from multiple sensors to a single
transmitter which may be a multi-channel transmitter. Ac-
cordingly, the number and position of the transmitter is
not critical to the invention. In other embodiments, the
transmitter may be disposed at the oropharynx of the
subject. Additional details regarding the transmitter and
alternate embodiments of transmitters are described be-
low with respect to FIGS 4A, 4B and 5A-5F.
[0029] An exemplary embodiment of a physiological
sensor-transmitter assembly 24 for esophageal acidity
monitoring is schematically depicted in FIG. 2. In the em-
bodiment illustrated, tether 40 is active, meaning that the
tether 40 is adapted to perform an additional function,
such as conducting a signal, as well as maintain a posi-
tion of the sensor 50. Tether 40 may include separate
members to provide mechanical strength and to provide
electrical conductivity. Though, in some embodiments,

tether 40 may be constructed of a single member that
provides both mechanical strength and electrical conduc-
tivity.
[0030] In other embodiments, a tether connected to a
sensor assembly may be a passive tether, meaning that
the tether is adapted to maintain a position of the sensor
50, but is not adapted to conduct a signal.
[0031] The tether 40 may have an active portion and
a passive portion. As depicted, the transmitter 60 is dis-
posed at the anchor 30, and tether 40 is depicted as an
active tether that conducts a signal from the sensor 50
to the transmitter 60. An active tether 40 may include a
wire 41 to conduct an electrical signal. In some embod-
iments, the wire may be a shielded conductor, such as
a small diameter (micro) coaxial cable. Suitable materials
for a conductor of the tether include, but are not limited
to: copper, silver-plated copper, beryllium copper, silver
plated beryllium copper and stainless steel. Embodi-
ments of a signal conducting tether 30 may include any
signal conductors known in the art (such as a micro-co-
axial cable or flex circuit) or any other suitable signal con-
ductor. In this exemplary embodiment, the wire 41 is a
micro-wire that is micro-coaxial cable.
[0032] The tether 40 of the assembly 24 is adapted to
reduce pain and discomfort of the subject during use.
The tether 40 may be described as having a nasal portion
42 disposed at a proximal end portion 40a of the tether,
an esophageal portion 44 disposed at a distal end portion
40b of the tether and a central portion 46 between the
nasal portion 42 and the esophageal portion 44.
[0033] The nasal portion 42 may be sized to extend
the length of a subject’s nasal cavity, which is commonly
about 4 to 8 cm. The central portion 46 may be between
about 15 to 25 cm in length and adapted to extend through
the sinus and throat of the subject and into the proximal
esophagus. The esophageal portion 44 may be between
about 10 and 20cm in length. A small diameter of the
tether DT may reduce pulling on the tether by organs in
contact with the tether 40 and thereby reduce discomfort.
In some embodiments a diameter of the tether DT for
portions of the tether 40 other than the nasal portion 42
(e.g. the central portion 46 and the esophageal portion
44) is less than about 1.0mm. In some embodiment, a
diameter of the tether away from the nasal portion DT
may be less than about 0.5mm. In still other embodi-
ments, a diameter of the tether may be between about
0.25mm and about 0.1mm. Several factors determine a
practical lower end for a diameter of the tether DT. These
factors include, but are not limited to: a diameter required
for a tether to have sufficient stiffness at an esophageal
portion of the tether, and a total number of different signal
conductors required for a signal conducting tether. As
depicted, the central portion 46 of the tether 40 between
the proximal end portion 40a and the distal end portion
40b of the tether is a micro-wire that is a micro-coaxial
cable with a diameter DT of about 0.22mm.
[0034] To reduce stress contact points between the
tether 40 and the subject’s nasal passage, the nasal por-
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tion 42 of the tether may have a nasal portion diameter
DN that is large relative to a diameter DT of other portions
of the tether 40. In some embodiments the nasal portion
diameter DN is between about 0.5mm and about 2.0mm.
In other embodiments, the nasal portion diameter DN is
between about 1mm and about 2mm. For the embodi-
ment depicted in FIG. 2, the nasal portion diameter is
about 1 mm. To further reduce discomfort for the subject,
the nasal portion 42 of the tether may be constructed with
an outer layer of a soft material with low stiffness. Pref-
erably, the nasal portion 42 of the tether has a soft outer
layer of an elastomeric material 43. The soft outer layer
may be formed of any known suitable material including,
but not limited to: silicone, a thermal plastic elastomer, a
flexible polyvinyl chloride (PVC), etc. As depicted, the
nasal portion of the tether 42 includes the micro-wire 41
surrounded by a soft elastomeric outer tube 43 with an
outer diameter of about 1mm.
[0035] As described above, the esophageal portion 44
of the tether 40, like the central portion 46 of the tether,
may have a diameters DE smaller than the nasal portion
diameter DN, which may reduce pull on organs via the
tether 40 from esophageal and pharyngeal peristaltic ac-
tion acting on the tether 40. In some embodiments the
esophageal portion diameter DE may be less than about
1.0mm. In other embodiments, the esophageal portion
diameter DE may be less than about 0.5mm. In stil other
embodiments, the esophageal portion diameter DE may
be between about 0.1mm and about 0.3mm. For the de-
picted embodiment, the esophageal portion diameter DE
is about 0.25 mm. To reduce buckling of the tether 40,
the esophageal portion 44 may include an outer stiff layer
45 that is stiffer than the nasal portion 43. The stiff outer
layer 45 may result in an esophageal portion diameter
DE that is greater than a central portion diameter DT. For
this embodiment, the esophageal portion 44 includes the
micro-wire 41 surrounded by a stiff outer layer 45 that
increases the esophageal portion diameter DE to about
0.25 mm. The stiff outer layer 45 may include any suitable
material, including, but not limited to, a polyester material
or polytetrafluorethylene (PTFE) shrink tubing.
[0036] Embodiments of the tether, such as the embod-
iments described above, may reduce pain and discomfort
to the subject when included in an assembly to connect
an anchor and a sensor, whether or not the assembly
includes a wireless transmitter. Such an assembly with-
out a wireless transmitter may include a signal conductor
configured to extend past the anchor to electrically con-
nect with an inconspicuous receiver located at or near
the subject’s head.
[0037] FIGS. 3A and 3B schematically depict a plan
view and a side cross-sectional view of the anchor 30
and the transmitter 60 shown in FIG. 2, according to some
embodiments of the invention. The anchor 30 is adapted
to mechanically attach to, fasten to, or be secured at an
externally accessible location of the subject 10 for retain-
ing a position of one or more sensors 50 in the upper GI
tract in resistance to axial tension caused by muscular

contractions in those organs (see also FIG. 1) acting on
the tether and sensors. The anchor 30 may be attached,
fastened or secured to a body location of the subject 10
using any known or suitable attachment, fastening or se-
curing technique, element or method, including but not
limited to: an adhesive disposed on the anchor 30 and/or
the body location, a pressure sensitive adhesive dis-
posed on the anchor 30 and/or the body location, a layer
with adhesive on both sides to be positioned between
the anchor 30 and the body location (e.g. a double-sided
tape), a layer with adhesive on one side to cover the
anchor 30 and the body location (e.g. tape, adhesive
bandage), a layer with adhesive on one side to cover a
proximal end of the tether 40a, a fixture that resides within
the nasal cavity that secures the anchor through mechan-
ical constraint and may bridge the septum for mechanical
stability, etc. Suitable adhesives for use with the anchor
30 include, but are not limited to: peel-release pressure-
sensitive adhesives and dermatologically compatible cy-
anoacrylates (e.g. 2-octyl cyanoacrylate, isobutyl cy-
anoacrylate, etc.). In some embodiments, the anchor 30
may include an anchor plate or anchor body 33 that fa-
cilitates attachment to the body location. In other embod-
iments, the anchor plate or anchor body 33 may be sized
and shaped to be blocked at the nares of the subject to
prevent the assembly 24 from disappearing down the
subject’s throat if the anchor 30 inadvertently becomes
unfastened or detaches from the body location.
[0038] As depicted, the anchor 30 has an anchor body
33 adapted to hold the transmitter 60, which is incorpo-
rated with other electronics into an "EE module." In this
embodiment, the anchor body 33 includes a transmitter
recess 34 sized and dimensioned to hold the transmitter
60 (EE module), which may optionally include signal
processing circuitry or other electronics. The anchor body
33 with the transmitter recess 34 may be called a socket.
A portion of the anchor 30 may be relatively compliant to
facilitate removal of the transmitter 60. Suitable materials
for the anchor body 30 include, but are not limited to:
biocompatible rigid plastics, biocompatible semi-rigid
plastics and flexible polyvinyl chloride.
[0039] The anchor 30 may be adapted to adjust a
length of the tether 40. For example, the anchor body 33
may include a stationary outer ring 36 and an inner disc
38 that is rotatable relative to the stationary outer ring
36. The inner disc 38 may have a wrapping recess 35
that permits the tether 40 to be wrapped around the inner
disc 38, changing a length of the tether 40. In the depicted
embodiment with an anchor 30 adapted to adjust a length
of the tether 40, the micro-wire 41 is free to slide within
the elastomeric outer layer 41 that is affixed to the anchor
30. In embodiments where the length of the tether 40 is
not adjustable, the micro-wire 41 may be affixed directly
to the transmitter 60.
[0040] Due to the large number of elements that may
be included in the transmitter 60 and associated elec-
tronics, a cost of a transmitter 60 and associated elec-
tronics may be a significant portion of a cost of the as-
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sembly 24. Embodiments falling within the scope of the
invention include embodiments where the entire assem-
bly 24 is disposable, embodiments where the entire as-
sembly 24 is reusable, and embodiments where one or
more elements of the assembly 24 are reusable. The
anchor body 33 may be adapted to receive the transmitter
60 and the transmitter 60 may be adapted for removal
from the anchor body 33 for reuse. If the transmitter 60
is reusable, then a cost of electronic components in the
transmitter 60 is not born with each use, unlike the case
of an implantable capsule measurement system. As de-
picted, an EE module including the transmitter 60 and
other electronics may be removed from the anchor body
33 for reuse.
[0041] The anchor 30 and/or the transmitter 60 may
include contacts adapted to electrically connect the tether
40 and the transmitter. Contacts electrically connecting
the tether 40 and the transmitter 60 may be any known
type of contact (e.g. soldering, wire bonding, spring con-
tacts, etc.) or any other suitable type of contacts. The
contacts may permanently electrically connect the tether
40 and the transmitter 60, or a contact may be adapted
to be disconnected, such as in an embodiment with a
removable transmitter 60.
[0042] The anchor body 33 includes separable electri-
cal contacts as illustrated, and anchor body 33 includes
a printed wire board (PWB) 62 for interconnecting micro-
wire conductors 41 and the EE module that includes the
transmitter 60. The PWB 62 includes spring contacts 63a,
63b and 63c, which connect micro-wire conductors 41 to
the transmitter 60, and a double spring contact 63d, which
closes a battery circuit to power the transmitter 60. The
three spring contacts 63a, 63b and 63c are consistent
with two sets of pH electrodes including two signal leads
and a common body reference. Spring contacts 63a, 63b,
63c and 63d are adapted to connect when the transmitter
60 is inserted into the anchor body 33 and adapted to
disconnect when the transmitter 60 is removed from the
anchor body 32. Though, other contact arrangements
are possible. For example, contacts on PWB 62 may be
pads and the EE module may include compliant mem-
bers that align with and make an electrical connection to
those pads.
[0043] FIG. 4A schematically depicts an example of a
distal end portion 24d of the assembly including the distal
end portion of the tether 4Od and a sensor 50, according
to aspects of an embodiment. As used herein, a sensor
50 of a physiological sensor- transmitter assembly 24
comprises a portion of the assembly 24 at which a phys-
iological property is detected. The sensor 50 may be pas-
sive, such as an end of an electrode, or the sensor may
be active, such as a buffered pressure transducer. The
sensor 50 may have associated electronics which may
be disposed at any location on the assembly 23.
[0044] In the embodiment depicted in FIG. 4A, the sen-
sor 50 is a passive sensor that measures pH by compar-
ing a voltage at a signal electrode 52 and a voltage at a
reference electrode 54. Electrodes may be made out of

any suitable material by any suitable method. In one em-
bodiment, the signal electrode 52 includes antimony and
the reference electrode 54 includes silver chloride. In
some embodiments, the reference electrode 54 may in-
clude a silver / silver chloride (Ag/AgCI) portion 54a that
extends into a chamber 54b filled with a conducting so-
lution such as a potassium chloride (KCl) solution. A wick
54c may extend from the chamber 54b to contact body
fluids and/or body surfaces. Both the signal electrode 52
and the reference electrode 54 may be connected to a
miniature printed wire board (PWB) 56, as depicted. A
central conductor 47a of a micro-coaxial cable 47 is elec-
trically connected to the signal electrode 52 through the
PWB 56 and a shielding conductor 47b of the micro-co-
axial cable 48 is electrically connected to the reference
electrode 54 through the PWB 56. Conductors 47a, 47b
of the micro-coaxial cable 47 may be electrically connect-
ed to conducting strips 66 of the PWB 56 with solder
connections or by another suitable method.
[0045] A protective encapsulation material may be
used to protect portions of the electrodes and/or connec-
tions between the electrodes and other elements. The
signal electrode 52 and the reference electrode 54 may
be partially encapsulated and the PWB 56 may be fully
encapsulated by a protective electrically insulating ma-
terial 58 to protect the PWB 56 and to protect exposed
conducting portions of the micro-coaxial cable 47. Suit-
able encapsulation materials may include, but are not
limited to: biocompatible epoxies and UV-light curing ad-
hesives. Suitable biocompatible epoxies may have a very
low liquid permeability and high resistance to acid and
other fluids within the upper GI tract.
[0046] As depicted, a signal from the sensor 50 is con-
ducted to the transmitter 60 located proximal to the sen-
sor 50 along the tether 40 to the anchor 30. However, in
some embodiments at least a portion of the transmitter
60 may be located at a distal portion of the assembly
24d, at least a portion of the transmitter 60 may be located
at or near the sensor, and/or at least a portion of the
transmitter 60 may be integrated with the sensor in a
module.
[0047] FIG. 4B depicts a different embodiment of the
distal end portion 24d of the assembly that includes a
first sensor 51a adapted to measure a physiological con-
dition, such as pH, at a first location in a body and a
second sensor 51 b adapted to measure a physiological
condition, such as pH, at a second location in a body. In
this embodiment, the first sensor 51 a includes a first
signal electrode 53a that is electrically connected to a
first micro printed wire board (PWB) 57a. A distal end
portion 40d of the tether includes a double coaxial micro-
wire 48. An outer annular conductor 48c of the coaxial
micro-wire 48 is electrically connected to the first signal
electrode 53 through the first PWB 57a.
[0048] Another section 49 of the coaxial micro-wire ex-
tends from the first sensor 51 a to the second sensor
51b. A middle conductor 48b of the coaxial micro-wire
48 is electrically connected to the second signal electrode
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53b through a second micro printed wire board (PWB)
57b. An inner conductor 48a of the coaxial micro-wire 48
is electrically connected to the reference electrode 55
through the second PWB. In this embodiment, the refer-
ence electrode 55 includes a metal portion 55a, a cham-
ber 55b filled with a conducting fluid into which the metal
portion 55a, and a wick 55c extending from the chamber
55b. The first PWB 57a and portions of the first signal
electrode 53a may be encapsulated by a protective ma-
terial 51a. The second PWB 57b, portions of the second
signal electrode 53b and portions of the reference elec-
trode 55 may be encapsulated 59a by a protective elec-
trically insulating material.
[0049] Embodiments of the invention may include ac-
tive pH sensors, such as ion-sensitive field effect tran-
sistors (ISFETs). Active pH sensors may be electrically
connected to micro-coaxial signal conducting tethers us-
ing PWBs. Due to the relatively simple interconnection
geometry in relation to the coaxial micro-wire 47, 48, the
embodiments shown in FIGS. 4A and 4B are suitable for
automated or semi-automated production. Although em-
bodiments depicted in FIGS. 4A and 4B include coaxial
cable signal conductors, embodiments of the present in-
vention may include any suitable type of conductors for
signal conducting tethers including, but not limited to:
non-coaxial conductors grouped in a shielded or non-
shielded cable, a combination of co-axial and non-coaxial
conductors, etc.
[0050] Embodiments of a physiological sensor-trans-
mitter assembly may have many different configurations.
The examples of configurations presented herein are
merely illustrative and not an exhaustive representation
of all configurations of assemblies falling within the scope
of the invention. FIGS. 5A to 5F schematically represent
some possible configurations of a physiological sensor-
transmitter assembly. In each figure, elements above line
80 are adapted to be positioned in the nasal cavity or
other externally accessible part of the body and elements
below line 80 are adapted to be positioned distal to the
nasal cavity. In FIG. 5F, elements above line 81 are
adapted to be positioned proximal to the esophagus, and
elements between lines 80 and 81 are adapted to be
positioned between the nasal cavity and the esophagus
(e.g. at the oropharynx).
[0051] Assembly 71 and assembly 72, depicted in
FIGS. 5A and 5B respectively, both include a transmitter
77 disposed at or near an anchor 86, and a signal con-
ducting tether 88 that conducts a signal from the a first
sensor 90 to the transmitter 77. Assembly 72 includes a
second sensor 91 disposed distal to the first sensor 90
at a distal end portion 72d of the assembly. A signal con-
ducting tether 88 connects the second sensor 91 with
the transmitter 77. In this embodiment, the transmitter 77
is a multi-channel transmitter because it is adapted to
transmit information regarding a signal from the first sen-
sor 90 and information regarding a signal from the second
sensor 91. Embodiments of the invention, which include
multiple sensors, may be referred to as multi-channel

assemblies.
[0052] In assembly 73, a transmitter 78 is disposed at
a distal end portion 73d of the assembly, and specifically
at or near a first sensor 92. A passive tether 89 may
connect an anchor 79 with a distal end portion 73d of the
assembly because a signal conducting tether is not nec-
essary between the distal end portion 73 of the assembly
and the anchor 87 if no electronics are present in the
anchor 87. In other embodiments at least a portion of the
transmitter 78 may be in an integral unit with the first
sensor 92 and/or at least a portion of the transmitter 78
may be in an integral unit with the first sensor 92 and/or
at least a portion of the transmitter 78 may be near the
first sensor 92. Although the transmitter 78 is shown at
a same location on the assembly 73 as the first sensor
92, this positioning is not required. In other embodiments
at least a portion of the transmitter may be proximal to
the first sensor 92 and/or at least a portion of the trans-
mitter may be distal to the first sensor 92.
[0053] In assembly 74, depicted in FIG. 5D, a second
sensor 91 as well as the transmitter 78 and the first sensor
92 are disposed at a distal end portion 74d of the assem-
bly. As depicted, the second sensor 91 is connected to
the transmitter 78 by an active signal conducting tether
88. The multi-channel transmitter 78 transmits informa-
tion regarding a signal from the first sensor 91 and infor-
mation regarding a signal from the second sensor 92.
Although the transmitter 78 is depicted at the first sensor
92, in other embodiments at least a portion of the trans-
mitter 78 may be at or near the second transmitter 91. In
other embodiments at least a portion of the transmitter
may be located proximal to the first sensor 92, or located
between the first sensor 92 and the second sensor 94.
[0054] In assembly 75 depicted in FIG. 5E, information
regarding measurements from the first sensor 92 is trans-
mitted by the first transmitter 78 and information regard-
ing measurements from the second sensor 93 is trans-
mitted by a second transmitter 79. An active signal con-
ducting tether is not required between the first transmitter
78 and the second transmitter 79. Although the second
transmitter 79 is depicted at the second sensor 93, in
other embodiments at least a portion of the second trans-
mitter may be located at or near the first sensor 92, be-
tween the first sensor 92 and the second sensor 93, at
or near the first transmitter 78 or at or near the anchor 87.
[0055] Assembly 76, depicted in FIG. 5F, includes a
first multi-channel transmitter 79 to transmit information
regarding measurements from a first sensor 90, a second
sensor 91 and a third sensor 94 disposed at a distal end
of the assembly 76d. In FIG. 5F line 80 indicates a distal
edge of the nasal cavity and line 81 indicates a proximal
edge of the esophagus. Transmitter 79 may be disposed
between the nasal cavity and the esophagus, as depict-
ed. In an embodiment of the invention, the transmitter 79
may be disposed in the oropharynx (or oral pharynx)
which is located between the nasal cavity and the es-
ophagus. The oropharynx has reduced sensation of for-
eign objects relative to other regions of the pharynx due
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in part to the absence of muscular contractile activity,
which can squeeze such an object resulting in elevated
contact pressures. Thus, positioning the relatively large
sized transmitter 79 at the oropharynx and behind the
soft palate may ensure a relatively low level of discomfort
for the patient.
[0056] Although the configurations shown in FIGS. 5A
through 5F depict up to three sensors and two transmit-
ters for each assembly, assemblies with many more sen-
sors and/or transmitters also may be constructed. In
some embodiments, the first transmitter 78 may be of a
different type than the second transmitter 79. In other
embodiments, the first transmitter 78 may be of a same
type as the second transmitter 79. In some embodiments,
the first sensor 92 and the second sensor 93 may meas-
ure the same physiological property at different locations.
In other embodiments, the first sensor 92 and the second
sensor 93 may measure the different physiological prop-
erties at the same location or at different locations.
[0057] Intraluminal impedance monitoring, which de-
tects the occurrence of changes in a resistance to elec-
trical current across adjacent electrodes positioned in a
serial manner along an axial length in the GI tract, aids
in differentiating between antegrade and retrograde bo-
lus transit of both liquid and gas in the GI tract. Because
impedance sensing components do not identify an acid
content at a location, pH sensors are often used along
with impedance sensing components. FIG. 6A schemat-
ically represents an assembly 310 that includes sensors
that measure two different types of physiological proper-
ties, acidity and electrical resistance, at a same location
for each of two different groups located at two different
locations on the tether, according to another embodiment
of the invention.
[0058] Assembly 310 includes a first pH sensor 330, a
second pH sensor 332, a first impendence sensing com-
ponent 328 and a second impedance sensing component
340 An anchor 312 is connected with a distal end portion
of the assembly 310d by a passive tether 314. A first
group of elements 318 at the distal end portion of the
assembly 310d includes a wireless transmitter 320, sig-
nal processing electronics 322, the first impedance sens-
ing component 328 and the first pH sensor 330. A signal
conducting tether 316 conducts the first group of ele-
ments 318 with a second group of elements 319 that
includes the second impedance sensing component 340
and the second pH sensor 332. The first group of com-
ponents 318 measures pH and impedance at a first lo-
cation and the second group of components 319 meas-
ures pH and impedance at a second location.
[0059] FIG. 6B schematically represents the second
group of elements 319. The impedance sensing compo-
nent 340 includes a first electrode 342 a second electrode
344 and a third electrode 344. Impedance electrodes
may be shaped like rings (as indicated by dotted lines in
the figure) that located along a common axis. Impedance
component electronics 348 are configured to determine
an electrical impedance between the first electrode 342

and the second electrode 344, and to determine an elec-
trical impedance between the second electrode 344 and
the third electrode 346. Because impedance may be de-
termined for two locations simultaneously within a body
lumen, the impedance sensing component can be used
for multi-channel impedance measurements. The sec-
ond group of elements 319 also includes a reference
electrode 334 and a signal electrode 336 that form the
second pH sensor 332. Signals from the impedance
sensing component 340 and the second pH sensor 332
are then conducted to the rest of the assembly 310 by
the active conducting tether 315.
[0060] FIG. 7 schematically depicts an instrument 110
for inserting and positioning the sensor 50 and connected
tether 40 of the physiological sensor-transmitter assem-
bly 24 in a chosen location within a subject. Note that
dimensions in the figure are exaggerated for illustrative
purposes.
[0061] The instrument 110, which may also be referred
to as an "introducer," provides a mechanism for securing
the sensor 50 and connected tether 40 during insertion,
and provides a mechanism for deployment of the sensor
50 and connected tether 40 after insertion. The instru-
ment 110 has an insertion section 112 with a diameter
Di suitable for insertion through the nasal-gastric seg-
ment of the GI tract of the subject. For one embodiment
of the invention, a diameter of the instrument section Di
between about 1mm and about 5mm. The insertion sec-
tion 112 must be of sufficient length to span from the
nares (nasal cavity) of the subject to the desired location
in the GI tract of the subject. A deployment section 114
is disposed at a distal end portion 112d of the insertion
section. The deployment section 114 is configured to re-
tain the sensor 50 of the assembly when the instrument
110 is in a retention state, as depicted. An embodiment
of the instrument 110 may include a removable outer
sleeve 120 that contains the tether 40 during insertion of
the instrument 110. The removable outer sleeve 120 may
have perforations to aid in removal of the outer sleeve
120 after insertion of the instrument 110 and before de-
ployment of the sensor 50 or withdrawal of the instrument
110. The instrument 110 also includes a deployment
mechanism 116 adapted to release the sensor 50 from
the deployment section 114 of the instrument 110 upon
changing from a retention state to a release state. FIGS.
7A through 11B depicts various embodiments of the de-
ployment section 114.
[0062] FIGS. 8A and 8B schematically depict a side
cross-sectional view and a front view respectively, of an
embodiment of the deployment section 114 of the instru-
ment 110 having a push deployment mechanism. For
some embodiments, the sensor 50 is retained within a
lumen-shaped receptacle 122 in the deployment section
114, as illustrated by the side cross-sectional view of FIG.
8A. The tether 40 may be contained by a removable outer
layer 120 as depicted. The deployment section 114 may
include a slit opening 115 that allows the tether 40 to exit
the receptacle 122 and extend along an outer surface of
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the deployment section 114. The deployment mecha-
nism includes an elongate push element 117, such as a
push rod, that extends through the insertion section 112.
After the outer layer 120 is removed, the instrument 110
may be activated by exerting a force on the elongate
push element 117 as indicated by arrow 118. The elon-
gate push element 117 in turn exerts a force on the sensor
50 to move the sensor 50 out of the lumen 122, thereby
deploying the sensor 50 as indicated by arrow 119.
[0063] The deployment section 114 may also include
a temporary restraining element 124 adapted to prevent
withdrawal of the sensor 50 during withdrawal of the in-
strument 110. Some embodiments of a temporary re-
straining element 124 include an expandable drag-induc-
ing material. When the sensor 50 is deployed from the
deployment section 114, the temporary restraining ele-
ment 124 is also expelled and separates from the de-
ployment section 114, according to an embodiment of
the invention. The temporary restraining element 124
may be adapted to expand or swell after exiting the de-
ployment section 114. The swollen temporary restraining
element 124 has high drag that may impede a motion of
the sensor 50 up the GI tract as the instrument 110 is
withdrawn. The temporary restraining element 124 may
be attached to the sensor 50 and/or tether 40, or the
temporary restraining element 124 may not be attached
to either. Ideally, the temporary restraining element 124
dissolves after the instrument 110 is withdrawn. In some
embodiments, the temporary restraining element 124
may include glucose, fructose, gelatin, cellulose or other
paper-based fibers in a "cotton-candy like" or "tissue pa-
per like" consistency that dissolve in water or saliva.
[0064] FIGS. 9A and 9B schematically depict a side
cross-sectional view and a front view of an embodiment
of a deployment section 128 that includes a different push
deployment mechanism. Similar to the embodiment de-
picted in FIGS. 8A and 8B, the elongate push element
117 is adapted to exert a force on the sensor 50. How-
ever, in this embodiment depicted in FIGS. 9A and 9B,
a portion of the tether 40 is located distal relative to the
sensor 50, and the temporary restraining element 124 is
also located distal relative to the sensor 50. Additionally,
a receptacle 130 holding the sensor 50 and the temporary
restraining element 124 is configured to lie parallel to the
deployment section 128. In this embodiment of the de-
ployment section 128, the force on the sensor 50 deploys
the sensor 50 in a reversed orientation as indicated by
arrow 132.
[0065] In some embodiments, an introducer as illus-
trated in FIGs. 9A and 9B may be implemented without
a separate restraining element 124 and push mecha-
nism. Alternatively or additionally, outer layer 120 may
be omitted. In some scenarios, a simple tubular structure
may be used as an introducer. In those scenarios, an
introducer may be formed from a tube. A sensor, such
as sensor 50 (FIG. 9A), may be inserted into the tip of
the tube. A tether, such as tether 40, attached to the
sensor, may run along an exterior surface of the tube, as

illustrated in FIG. 9A. By maintaining a suitable tension
on the tether, the sensor will be held in the tip as the tube
is inserted. Once the sensor is positioned, the tube could
be withdrawn, leaving the sensor in a desired location.
[0066] An embodiment of the deployment section 134
depicted in a side-cross sectional view in FIG. 10A and
in a front view in FIG. 10B is adapted for a pull deployment
mechanism. The deployment section 134 includes a lu-
men shaped receptacle 136 adapted to hold the sensor
50 and the temporary restraining element 124. The tether
40, which is attached to the sensor 50, exits the recep-
tacle 136 through an opening 137 of the receptacle. To
deploy the sensor 50, the outer layer 120 is removed and
a force is exerted on the tether 40 as indicated by arrow
138, which pulls the sensor 50 out of the deployment
section 134 through the receptacle opening 137.
[0067] Another embodiment of a deployment section
140 depicted in FIGS 11A and 11B is similar in configu-
ration to the deployment section 128 depicted in FIGS.
8A and 8B. However, in this embodiment, the deployment
mechanism uses fluid pressure (e.g. gas pressure or liq-
uid pressure) to exert a force to deploy the sensor 50
instead of an elongate push element 117. The deploy-
ment section 140 includes a fluid conduit 142 extending
from a proximal end portion 112a of the insertion section
to the deployment section 140. The fluid conduit 142 is
adapted to conduct a fluid (gas or liquid) as indicated by
arrow 144 that exerts a fluid force on the sensor portion
50 to push the assembly portion 50 from the deployment
section 140. A receptacle 142r that holds the sensor 50
may be a portion of the fluid conduit 142 as depicted.
[0068] A different embodiment of the deployment sec-
tion 148 includes an inflatable portion 149 is depicted in
FIGS. 12A and 12B. In an uninflated state, the inflatable
portion 149 has a recess 149r that holds and retains the
sensor 50, as depicted in axial cross-section in FIG. 12A.
Adding an inflation fluid 150 (i.e. liquid or gas) under pres-
sure to the inflatable portion 149 changes a configuration
of the recess 149r so that it is no longer shaped to hold
the sensor 50, thereby deploying the sensor 50 as de-
picted in FIG. 12B.
[0069] In addition to different embodiments of the de-
ployment section and different deployment mechanisms,
an exemplary instrument may include one or more in-
strument sensors for determining a location of the sensor
50 of an assembly within a subject. Such an instrument
that incorporates location sensing elements may be re-
ferred to as an "active introducer." FIG. 13 depicts a distal
end portion 160d of an instrument having a deployment
section 162 and pressure transduction section 164 that
aids in determining a location of a distal end portion of
the instrument. The pressure transduction section 164
comprises one or more sensing elements 165 a, b, c,
disposed axially along the pressure transduction section
164. Variations in pressure within the esophagus can be
correlated with a position relative to certain anatomical
landmarks such as the lower and upper esophageal
sphincters. Thus, measurements of pressure at a pres-
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sure transduction section 164 provide information re-
garding a position of a deployment section 162 of the
instrument. Sensing elements 165a, b, c may be similar
in construction to pressure transduction sensors incor-
porated in the Motility Visualization System (MVS) cath-
eter produced by Sierra Scientific Instruments Inc., and
described in co-pending Patent Application No.
10/961,981, entitled "High Resolution Solid State Pres-
sure Sensor." When an active introducer embodiment of
the instrument is used to insert and position a physiolog-
ical sensing transmitting assembly for esophageal pH
testing, a separate manometry test to locate the sphinc-
ters prior to insertion and final positioning of the assembly
sensor may be avoided.
[0070] Another embodiment of the invention provides
a method of remotely monitoring a physiological value at
a selected location within a body of a subject. Although
an exemplary method may be performed with many dif-
ferent embodiments of physiological sensor assemblies
and introducer instruments, an embodiment of the meth-
od will be described with reference to the physiological
sensor-transmitter assembly 24 depicted in FIG. 2, the
introducer instrument 110 depicted in FIG. 7, deployment
section 114 depicted in FIGS. 8A and 8B and a pressure
transduction section 163 as depicted in FIG. 13, solely
for illustrative purposes. The method of remotely moni-
toring a physiological value at a selected location within
a body of a subject may be sub-divided into two different
methods: inserting and positioning the physiological sen-
sor-transmitter assembly 24 within a subject (method
200a), and recording information regarding measured
values of the physiological property over a period of time
(method 200b). In FIGS. 14A and 14B, dotted boxes in-
dicate steps that may be included in different embodi-
ments of the invention.
[0071] FIG. 14A is a flow chart illustrating a method
200a of inserting and positioning a physiological sensor
within the gastrointestinal tract of a subject. In the em-
bodiment illustrated, the sensor is a physiological sensor-
transmitter assembly 24 as illustrated in FIG. 7. However,
any suitable type of sensor may be positioned, including
a sensor without a corresponding transmitter or a multi-
sensor assembly.
[0072] In accordance with the illustrated method, ini-
tially a physiological sensor-transmitter assembly 24 and
an introducer instrument are provided (step 210). The
assembly 24 has a transmitter 60, an anchor 30, a sensor
50, and a tether 40 that connects the sensor 50 and the
anchor 60. The introducer instrument 110 has an inser-
tion section 112, a deployment section 114, and a de-
ployment mechanism 116. The assembly 24 may be
loaded into the instrument (step 212), or conversely the
assembly 24 may be preloaded into the instrument 110
when obtained. A distal end portion 112d of an insertion
section of the instrument is inserted into the subject
through a nasal-gastric segment of the GI tract (step 214).
The distal end portion 212d of the insertion section is
advanced until the deployment section 114 of the inser-

tion section is at a selected internal body location (step
216). If the introducer is an "active introducer" then a
location of the deployment section 114 may be deter-
mined from measurements of pressure made by one or
more sensor elements 165a, 165b, 165c of the instru-
ment 165 to guide proper placement of the sensor 50
relative to an upper esophageal sphincter and a lower
esophageal sphincter (step 217). The insertion section
112 may be advanced continuously or advanced in steps
with a determination of a position of deployment 114 sec-
tion between each step.
[0073] If the insertion section 112 of the instrument has
a removable outer layer 120, then the outer layer 120
may be removed after the deployment section 114 is po-
sitioned at the selected internal body location (step 218).
The sensor 50 with the connected tether 40 is deployed
at the selected internal body location (step 220). Different
configurations of deployment sections using different de-
ployment mechanisms are described above with respect
to FIGS. 7A thorough 11B. A temporary restraining ele-
ment 124 may also be deployed (step 221). A length of
the tether 40 may be adjusted by any suitable means
(step 22) including wrapping an inner wire 41 of the tether
40 around a part of the anchor 32 as described above
with respect to FIGS. 3A and 3B.
[0074] The anchor 30 is attached to an externally ac-
cessible surface of the subject’s body (step 224). Exam-
ples of suitable locations for attachment of the anchor
are described above. The anchor 30 may be attached
using any suitable technique or method. Suitable attach-
ment methods are described above. The insertion sec-
tion 112 of the instrument is then withdrawn through the
nasal-gastric segment of the subject (step 226).
[0075] After the physiological sensor-transmitter as-
sembly is positioned in the subject, physiological prop-
erties measured at location are monitored over time
(method 200b), then the assembly 24 may be removed
from the subject as depicted by the flowchart of FIG. 14B.
First a signal from the transmitter 60, including informa-
tion regarding values of a physiological property meas-
ured at the selected internal body location over time, is
wirelessly received at a receiver 22 (step 228). The re-
ceiver 22 may be attached to the subject, carried by the
subject or in proximity to the subject. The received signal
is recorded 230 in the receiver 22 or in another unit. The
recorded signal may be transferred to an analysis and
display device, such as a computer, (step 231). The re-
ceived signal may be analyzed (step 234). Information
from the received signal may be displayed (step 236).
After monitoring is complete, the assembly 24 may be
removed from the subject 240.

In vivo testing of a mechanical model of the assembly

[0076] The embodiment of the physiological sensor-
transmitter assembly 24 shown in FIGS. 2 and 3 was
built in a mechanical prototype, along with a prototype
applicator, and tested in vivo in a series of three 24 hour
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ambulatory tests. In these tests, the subject went about
normal daily activities including, unaltered meals, stren-
uous physical activities, and sleep, and only very minor
discomfort was reported. A small "Band-Aid" type cover
of 1.4 cm diameter was placed over the anchor to make
it inconspicuous and the subject reported no reluctance
to join social activities. Other embodiments were tested
including an anchor style that filled the nostril. This was
reported to cause noticeable discomfort, but one that
straddles the septum and was positioned toward the an-
terior/superior end (toward the tip of the nose), was re-
ported to have little discomfort and was made inconspic-
uous by use of a transparent element that bridged the
septum. For comparison purposes, the subject was intu-
bated for a 2 hour period with a 2.5 mm silicone tube
representing a known pH catheter and reported the dis-
comfort to be substantially greater.
[0077] Having now described some illustrative embod-
iments of the invention, it should be apparent to those
skilled in the art that the foregoing is merely illustrative
and not limiting, having been presented by way of exam-
ple only. Numerous modifications and other illustrative
embodiments are within the scope of one of ordinary skill
in the art and are contemplated as falling within the scope
of the invention. In particular, although many of the ex-
amples presented herein involve specific combinations
of method acts or system elements, it should be under-
stood that those acts and those elements may be com-
bined in other ways to accomplish the same objectives.
Acts, elements and features discussed only in connection
with one embodiment are not intended to be excluded
from a similar role in other embodiments. Further, for the
one or more means-plus-function limitations recited in
the following claims, the means are not intended to be
limited to the means disclosed herein for performing the
recited function, but are intended to cover in scope any
means, known now or later developed, for performing
the recited function.
[0078] As used herein, "plurality" means two or more.
[0079] As used herein, a "set" of items may include
one or more of such items.
[0080] As used herein, whether in the written descrip-
tion or the claims, the terms "comprising", "including",
"carrying", "having", "containing", "involving", and the like
are to be understood to be open-ended, i.e., to mean
including but not limited to. Only the transitional phrases
"consisting of" and "consisting essentially of", respective-
ly, shall be closed or semi-closed transitional phrases,
as set forth, with respect to claims, in the United States
Patent Office Manual of Patent Examining Procedures
(Original Eighth Edition, August 2001), Section 2111.03
[0081] Use of ordinal terms such as "first," "second,"
"third," etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order
of one claim element over another or the temporal order
in which acts of a method are performed, but are used
merely as labels to distinguish one claim element having
a certain name from another element having a same

name (but for use of the ordinal term) to distinguish the
claim elements.

Claims

1. A physiological sensor-transmitter assembly (24) for
measuring a value of an internal physiological prop-
erty at an internal body location of a subject and
transmitting information regarding the measured val-
ue to a receiver (22) located external to the body of
the subject, the assembly comprising:

a tether (40) comprising a signal conductor;
a sensor (50) disposed at a distal portion of a
tether (40) and adapted to measure a value of
a physiological property at an internal body lo-
cation when the sensor is positioned at the in-
ternal body location;
a transmitter (60) electrically coupled and con-
nected to the sensor through the tether and
adapted to transmit information regarding the
measured value to a receiver (22) located ex-
ternal to the body of the subject; and
an anchor (30) disposed at a promixal portion
of the tether and adapted to attach to an exter-
nally accessible portion of the body, said tether
connecting the anchor and the sensor.

2. The assembly of claim 1, wherein a portion of the
tether (40) between the anchor (30) and the trans-
mitter (60) has a length adapted to position the trans-
mitter at an oropharynx of the subject.

3. The assembly of any preceding claim, further com-
prising a second sensor (51b) for measuring a value
of a physiological property at a second internal body
location, the second sensor being electrically cou-
pled to the tether (40).

4. The assembly of any preceding claim, wherein the
tether (40) comprises:

a nasal portion (42) having a nasal portion di-
ameter; and
a esophageal portion (44) having a esophageal
portion diameter smaller than the nasal portion
diameter.

5. The assembly of claim 4, wherein the esophageal
portion (44) has an esophageal portion stiffness and
the nasal portion (42) has a nasal portion stiffness,
the esophageal portion stiffness being greater than
the nasal portion stiffness.

6. The assembly of any preceding claim, wherein the
sensor (50) is adapted to measure at least one phys-
iological property selected from the group consisting
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of: pressure, pH, temperature, and electrical imped-
ance.

7. The assembly of any preceding claim, wherein the
externally accessible portion of the body comprises
a body surface within a nasal cavity of the patient,
or the nares, or a surface on a face of the subject
external to and adjacent to an opening to a gastroin-
testinal tract of the subject.

8. The assembly of any preceding claim, wherein:

the anchor (30) comprises an anchor body;
the anchor body (33) is adapted to receive and
hold the transmitter; and
the transmitter (60) is adapted for reuse.

Patentansprüche

1. Physiologischer-Sensor-Übertrager-Gruppe (24)
zum Messen eines Werts einer internen physiologi-
schen Eigenschaft an einem internen Körperort ei-
nes Subjekts und Übertragen von Information be-
züglich des gemessen Werts an einen Empfänger
(22), welcher extern des Körpers des Subjekts loka-
lisiert ist, wobei die Gruppe umfasst:

eine Anbindung (40) umfassend einen Signal-
leiter; einen Sensor (50), angeordnet an einem
distalen Teil der Anbindung (40) und eingerich-
tet zum Messen eines Werts einer physiologi-
schen Eigenschaft an einem internen Körperort,
wenn der Sensor an dem internen Körperort po-
sitioniert ist;
einen Übertrager (60), der elektrisch gekoppelt
ist und verbunden ist zu dem Sensor durch die
Anbindung und eingerichtet ist zum Übertragen
von Information bezüglich des gemessenen
Werts an einen Empfänger (22), der extern des
Körpers des Subjekts lokalisiert ist; und
einen Anker (30), der an einem proximalen Teil
der Anbindung angeordnet ist und eingerichtet
ist zum Befestigen an einem extern zugängli-
chen Teil des Körpers, wobei die Anbindung den
Anker und den Sensor verbindet.

2. Gruppe nach Anspruch 1, wobei ein Teil der Anbin-
dung (40) zwischen dem Anker (30) und dem Über-
trager (60) eine Länge hat, die eingerichtet ist zum
Positionieren des Übertragers an einem Mundra-
chenraum des Subjekts.

3. Gruppe nach einem der vorangegangenen Ansprü-
che, ferner umfassend einen zweiten Sensor (51b)
zum Messen eines Werts einer physiologischen Ei-
genschaft an einem zweiten internen Körperort, wo-
bei der zweite Sensor elektrisch mit der Anbindung

(40) gekoppelt ist.

4. Gruppe nach einem der vorangegangenen Ansprü-
che, wobei die Anbindung (40) umfasst:

einen nasalen Teil (42), welcher einen Nasalteil-
durchmesser hat; und
einen ösophagealen Teil (44), welcher einen
Ösophagealteildurchmesser hat, der kleiner ist
als der Nasalteildurchmesser.

5. Gruppe nach Anspruch 4, wobei der Ösophagealteil
(44) eine Ösophagealteilsteifheit hat und der Na-
salteil (42) eine Nasalteilsteifheit hat, wobei die Öso-
phagealteilsteifheit größer ist als die Nasalteilsteif-
heit.

6. Gruppe nach einem der vorangegangenen Ansprü-
che, wobei der Sensor (50) eingerichtet ist zum Mes-
sen von zumindest einer physiologischen Eigen-
schaft, ausgewählt aus der Gruppe bestehend aus:
Druck, pH, Temperatur, und elektrische Impedanz.

7. Gruppe nach einem der vorangegangenen Ansprü-
che, wobei der extern zugängliche Teil des Körpers
eine Körperoberfläche innerhalb der Nasenhöhle
des Patienten, oder die Nasenlöcher, oder eine
Oberfläche auf einem Gesicht des Subjekts außer-
halb von und benachbart zu einer Öffnung zu einem
Magendarmtrakt des Subjekts umfasst.

8. Gruppe nach einem der vorangegangenen Ansprü-
che, wobei:

der Anker (30) einen Ankerkörper umfasst;
der Ankerkörper (33) eingerichtet ist zum Emp-
fangen und Halten des Übertragers; und
der Übertrager (60) für eine Wiederverwendung
eingerichtet ist.

Revendications

1. Ensemble capteur-émetteur physiologique (24) pour
mesurer une valeur d’une propriété physiologique
interne au niveau d’un emplacement interne du
corps d’un sujet et pour transmettre des informations
concernant la valeur mesurée à un récepteur (22)
situé à l’extérieur du corps du sujet, l’ensemble
comprenant :

une attache (40) comprenant un conducteur de
signal ;
un capteur (50) disposé au niveau d’une partie
distale de l’attache (40) et adapté pour mesurer
une valeur d’une propriété physiologique au ni-
veau d’un emplacement interne du corps lors-
que le capteur est positionné au niveau de l’em-
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placement interne du corps ;
un émetteur (60) électriquement couplé et relié
au capteur par l’intermédiaire de l’attache et
adapté pour transmettre des informations con-
cernant la valeur mesurée à un récepteur (22)
situé à l’extérieur du corps du sujet ; et
un ancrage (30) disposé au niveau d’une partie
proximale de l’attache et adapté pour être fixé
à une partie accessible de l’extérieur du corps,
ladite attache reliant l’ancrage et le capteur.

2. Ensemble de la revendication 1, dans lequel une par-
tie de l’attache (40) entre l’élément d’ancrage (30)
et l’émetteur (60) a une longueur adaptée pour po-
sitionner l’émetteur au niveau de l’oropharynx du su-
jet.

3. Ensemble de l’une des revendications précédentes,
comprenant en outre un deuxième capteur (51b)
pour mesurer une valeur d’une propriété physiologi-
que au niveau d’un deuxième emplacement interne
du corps, le deuxième capteur étant électriquement
couplé à l’attache (40).

4. Ensemble de l’une des revendications précédentes,
dans lequel l’attache (40) comprend :

une partie nasale (42) ayant un diamètre de par-
tie nasale ; et
une partie de l’oesophage (44) ayant un diamè-
tre de partie de l’oesophage plus petit que le
diamètre de partie nasale.

5. Ensemble de la revendication 4, dans lequel la partie
de l’oesophage (44) a une rigidité de partie de l’oe-
sophage et la partie nasale (42) a une rigidité de
partie nasale, la rigidité de partie de l’oesophage
étant supérieure à la rigidité de partie nasale.

6. Ensemble de l’une des revendications précédentes,
dans lequel le capteur (50) est adapté pour mesurer
au moins une propriété physiologique choisie dans
le groupe constitué : de la pression, du pH, de la
température et de l’impédance électrique.

7. Ensemble de l’une des revendications précédentes,
dans lequel la partie accessible de l’extérieur du
corps comprend une surface de corps à l’intérieur
d’une cavité nasale du patient, ou des narines, ou
une surface sur le visage du sujet externe et adja-
cente à une ouverture vers le tractus gastro-intesti-
nal du sujet.

8. Ensemble de l’une des revendications précédentes,
dans lequel :

l’ancrage (30) comprend un corps d’ancrage ;
le corps d’ancrage (33) est adapté pour recevoir

et maintenir l’émetteur ; et
l’émetteur (60) est adapté pour être réutilisé.
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