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METHOD OF MONITORING HEALTH
STATUS OF A PATIENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/414,011 filed Mar. 7, 2012, which
claims the benefit of U.S. Provisional Application No.
61/464,619, filed Mar. 7, 2011, U.S. Provisional Application
No. 61/628,534, filed Nov. 2, 2011, and U.S. Provisional
Application No. 61/583,258, filed Jan. 5, 2012. Each of
these applications is incorporated herein by reference in its
entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The disclosed technology relates to the field of
medical devices, in particular devices capable of sensing
physiologic data based on sensors incorporated into a cath-
eter adapted to reside in the a urinary tract of a patient.

INCORPORATION BY REFERENCE

[0003] All publications and patent applications mentioned
in this specification are herein incorporated by reference to
the same extent as if each such individual publication or
patent application were specifically and individually indi-
cated to be so incorporated by reference.

BACKGROUND OF THE INVENTION

[0004] The Foley catheter, named for Dr. Frederick Foley
who first described a self-retaining balloon catheter in 1929,
has been in use since the 1930’s, in a form nearly identical
to its early models. In its most basic form, a Foley catheter
has a proximal portion that remains outside the body, a
length that traverses the urethra, and a distal end that resides
in the urinary bladder. The Foley catheter is held in place by
an inflatable balloon that stabilizes the device in place, and
prevents inadvertent withdrawal from the bladder. A typical
Foley catheter includes at least two lumens along its length;
one lumnen serves as a conduit that drains the bladder, and
the second lhunmen serves as an air conduit that allows the
balloon to be controllably inflated and deflated.

[0005] Various developments have added diagnostic func-
tionality to Foley type catheters, including the ability to
measure pressure and temperature. For example, U.S. Pat.
No. 5,389,217 of Singer discloses a catheter with oxygen
sensing capability. U.S. Pat. No. 5,916,153 of Rhea and U.S.
Pat. No. 6,434,418 of Neal both disclose a pressure sensor
associated with a Foley type catheter. U.S. Pat. No. 6,602,
243 to Noda discloses a temperature sensor associated with
a Foley type catheter.

[0006] The Foley catheter, widespread in use, having a
low cost, and easily put in place by health care professionals
may offer still further opportunity as a vehicle for deriving
critical diagnostic information. The technology disclosed
herein provides for the delivery of highly resolved and
previously unavailable diagnostic information, as may be
derived from a Foley catheter with pressure sensing capa-
bility.

SUMMARY OF THE INVENTION

[0007] The disclosed technology relates to a Foley type
catheter for sensing physiologic data from the urinary tract
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of a patient, the physiologic data particularly including those
gathered by high fidelity pressure sensing and transduction
into signals suitable for processing. In some embodiments,
the pressure-sensing Foley type catheter may further be
enabled to sense temperature and analytes of clinical sig-
nificance.

[0008] Embodiments of the Foley type catheter include a
pressure sensor having a pressure interface disposed at a
distal end of the catheter, a pressure transducer at a proximal
end of the catheter, and a fluid column disposed between the
pressure interface and the pressure transducer. When an
embodiment of catheter is appropriately or functionally
inserted into the urinary tract of a patient and the distal end
1s residing in the bladder, the pressure transducer can trans-
duce pressure impinging on it from the pressure interface
into a chronological pressure profile. The pressure profile
has sufficient resolution to be processed into one or more
distinct physiologic pressure profiles, including peritoneal
pressure, respiratory rate, and cardiac rate.

[0009] In some particular embodiments of the Foley type
catheter, the pressure profile generated by the pressure
sensor has sufficient resolution such that, when sampled by
a transducer at a frequency of at least about 1 Hz, it can be
processed to yield a relative pulmonary tidal volume profile.
In still further embodiments of the Foley type catheter, the
pressure profile generated by the pressure sensor has suffi-
cient resolution such that, when sampled by a transducer at
a frequency of at least about 5 Hz, it can be processed to
yield physiologic pressure profiles selected from a group
consisting of cardiac output, relative cardiac output, and
absolute cardiac stroke volume.

[0010] In various embodiments of the catheter, the fluid
within the fluid column may include a gas, such as air or
carbon dioxide, or it may include a liquid. In some embodi-
ments wherein the fluid column includes a liquid, such liquid
may include urine, as sourced from the bladder.

[0011] In various embodiments of the catheter, the pres-
sure interface may include an elastic membrane or a sub-
stantially inelastic membrane. In some embodiments, the
pressure interface is substantially homogeneous across its
surface area. In other embodiments, the pressure interface
can be heterogeneous, having regions that vary in compo-
sition or thickness, or having features that provide an
elasticity bias.

[0012] In particular embodiments of the catheter, the pres-
sure interface includes an expandable balloon. Such an
expandable balloon may include either an elastic membrane
or a substantially inelastic membrane. Embodiments of the
balloon, particularly those having an inelastic membrane,
upon expansion, the balloon has a volume in the range of
about 0.1 cc to about 2 cc. Other embodiments of the
balloon, upon expansion, may have larger volumes, for
example, in a range of about 2 cc to about 5 cc, or in a range
of about 5 cc to about 250 cc, a volume that is greater than
250 cc. In another aspect, upon inflation, embodiments of
the balloon may have a diameter that ranges between about
6 mm and 8 mm.

[0013] In various embodiments of the catheter, the pres-
sure interface includes a membrane arranged across an
opening. In such embodiments, the membrane is sufficiently
elastic to respond to an internal-external pressure differential
across its surface.

[0014] In some embodiments, the Foley type catheter
further includes a temperature sensor to monitor a body core
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temperature of the patient. In these embodiments, the physi-
ologic data from the temperature sensor in the system may
be used to monitor body temperature and to feedback control
delivery of a hypothermic treatment regimen. Temperatures
sensors appropriate for the Foley type catheter may be of any
conventional type, including by way of example, a therm-
istor, a thermocouple, or an optical temperature sensor.
[0015] In some embodiments, the Foley type catheter
further includes one or more analyte sensors. Analyte sen-
sors included in the scope of the disclosed technology
include sensors for analytes of any clinical significance. For
broad examples, such analytes may include any analyte
selected from a group including pH, a gas, an electrolyte, a
metabolic substrate, a metabolite, an enzyme, or a hormone.
By way of particular examples, such analyte sensor may be
able to sense any of a metabolic substrate or a metabolite, the
analytes may include glucose or lactic acid. By way of
example of a hormone, the analyte may include cortisol.
[0016] In some embodiments, the Foley type catheter
further includes one or more electrodes arranged as electri-
cal activity sensors. Such electrical activity sensors may
deliver physiologic data that can be transformed to yield an
electrocardiogram (EKG) or an electrogastrogram (EGG).
[0017] In some embodiments, the Foley type catheter
further includes a light source and a light sensor, the sensor
configured to capture light emitted from the light source. In
some embodiments, by way of example, the light source and
the light sensor may be configured to operate as a pulse
oximeter, the light sensor being able to deliver a signal that
can be transduced into a pulse rate. In another example, the
light source and the light sensor may be configured to
operate as an analyte sensor.

[0018] Some embodiments of the Foley type catheter may
further include an expandable pressure-delivery balloon
disposed on the catheter so as, upon expansion, to contact a
wall of the bladder or the urethra; and a light source and a
light sensor disposed proximate the tissue-compressing bal-
loon. The pressure delivery balloon, the light source, and the
light sensor may be arranged such that when the expandable
pressure balloon is expanded so as to blanche a tissue
surrounding it as detected by the light sensor, a light-based
signal from the light sensor may be processed to yield a
perfusion pressure on a urinary bladder wall or a urethra.
[0019] Some embodiments of the disclosed technology
relate to a Foley type catheter for sensing pressure-based
physiologic data from the urinary tract of a patient having a
pressure sensor that includes a pressure interface and a
transducer, the sensor not including a pressure-transmitting
column. These embodiments typically have a pressure sens-
ing mechanism or transducer proximate the pressure intet-
face. Such pressure sensors may include, by way of
example, any of a piezoelectric electric mechanism, an
optical sensing mechanism, a microelectricalmechanical
(MEMS) mechanism, or an acoustic wave sensing mecha-
nism. When the catheter is appropriately or functionally
inserted into the urinary tract and the distal end is residing
in the bladder, the pressure sensor can transduce pressure
impinging on it from the pressure interface into a chrono-
logical pressure profile, the pressure profile having sufficient
resolution to allow differentiation into one or more physi-
ologic pressure profiles selected from the group consisting
of peritoneal pressure, respiratory rate, and cardiac rate.
[0020] The disclosed technology relates to a Foley type
catheter for sensing pressure-based physiologic data from
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the urinary tract of a patient, as summarized above, but
further being enabled to sense a physiologic response to the
delivery of pressure, and thereby to determine tissue perfu-
sion pressures. Embodiments of the Foley type catheter
include a pressure sensor having a pressure interface dis-
posed at a distal end of the catheter, a pressure transducer at
a proximal end of the catheter, and a fluid column disposed
between the pressure interface and the pressure transducer.
Embodiments of this type further include an expandable
pressure-delivery balloon disposed on the catheter so as,
upon expansion, to contact a wall of the bladder or the
urethra, and a light source and a light sensor disposed
proximate the tissue-compressing balloon. When an
embodiment of catheter is appropriately or functionally
inserted into the urinary tract with the distal end residing in
the bladder, the pressure transducer can transduce pressure
impinging on it from the pressure interface into a chrono-
logical pressure profile. The pressure profile has sufficient
resolution to be processed into one or more distinct physi-
ologic pressure profiles, including peritoneal pressure, respi-
ratory rate, and cardiac rate. And when the expandable
pressure balloon is expanded so as to blanche a tissue
surrounding it (as detected by the light sensor), a light-based
signal emanating from the light sensor may be processed to
yield a perfusion pressure on a urinary bladder wall or a
urethra.

[0021] The disclosed technology further relates to a sys-
tem for sensing and processing physiologic data from the
urinary tract of a patient, the physiologic data particularly
including those gathered by high fidelity pressure sensing
and transduction into signals suitable for processing; these
embodiments will now be summarized. In some embodi-
ments, the pressure-sensing Foley type system may further
be enabled to sense and process temperature data and/or
analyte data of clinical significance these features and
embodiments will be summarized further, below.

[0022] Thus, particular embodiments of the disclosed
technology relate to a system for sensing pressure-based
physiologic data from the urinary tract of a patient. Embodi-
ments of the system include a Foley type catheter with a
pressure sensor having a pressure interface disposed at a
distal end of the catheter, a pressure transducer at a proximal
end of the catheter, and a fluid column disposed between the
pressure interface and the pressure transducer. When the
catheter is appropriately or functionally inserted into the
urinary tract and the distal end is residing in the bladder, the
pressure transducer can transduce pressure impinging on it
from the pressure interface into a chronological pressure
profile. Embodiments of the system further include a data
processing apparatus in communication with the pressure
transducer so as to be able to acquire the physiological data.
Embodiments of the data processing apparatus are config-
ured to process the chronological pressure profile into one or
more physiologic pressure profiles from the group including
peritoneal pressure, respiratory rate, and cardiac rate.

[0023] In particular embodiments of the system, the pres-
sure transducer is operable to sample pressure impinging on
it at a rate of at least about 1 Hz. In embodiments such as
these, the data processing apparatus may be configured to
determine relative pulmonary tidal volume. In other particu-
lar embodiments of the system, the pressure transducer is
operable to sample pressure impinging on it at a rate of at
least about 5 Hz. In embodiments such as these, the data
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processing apparatus may be configured to determine any of
cardiac output, relative cardiac output, or absolute cardiac
stroke volume.

[0024] In particular embodiments of the system, the Foley
type catheter may further include a temperature sensor to
monitor body temperature. In embodiments such as these,
the data processing apparatus may be further configured to
acquire and process signals from temperature sensor.
[0025] In other embodiments of the system, the Foley type
catheter may further include one or more analyte sensors. In
embodiments such as these, the data processing apparatus is
further configured to acquire and process signals from the
one or more analyte sensors.

[0026] In some embodiments of the system, the data
processing apparatus includes a stand-alone console. In
some embodiments, the stand-alone console includes a
bedside unit that is dedicated to monitoring a single patient.
In some of these types of embodiments, the communication
between the pressure transducer and the data processing
apparatus is wireless.

[0027] In some embodiments of the system, the data
processing apparatus includes a networked computer. In
some of these types of embodiments, the networked com-
puter is able to track data from a plurality of patients.
[0028] In particular embodiments of the system, the data
processing apparatus may include both a stand-alone con-
sole and a networked computer. In some of these types of
embodiments of this type, the stand-alone console and the
networked computer are in communication with each other.
In particular embodiments, the in communication between
the stand-alone console and the networked computer is
wireless.

[0029] In some embodiments of the system, the data
processing apparatus may include a memory into which a
normal range of values for the physiologic data may be
entered, and the data processing apparatus may be config-
ured to initiate an alarm when physiologic data of the patient
are outside such range of normal values.

[0030] In some embodiments of the system, the data
processing apparatus may include a memory configured to
receive patient-specific clinical data from a source external
to the Foley type catheter, and the data processing apparatus
may be configured to integrate such external data and the
Foley type catheter-derived physiologic data.

[0031] Some embodiments of the system may include a
controller in communication with the data processing appa-
ratus. In such embodiments, the controller may be config-
ured to tune a level of pressure being applied through the
fluid column against the proximal side of the pressure
interface. Aspects of tuning the pressure level being applied
distally against the pressure interface are expanded on
below, in the context of summarizing methods provided by
the disclosure. Further, in embodiments of the catheter that
include a pressure delivery balloon that may be used in a
method to measure tissue perfusion pressure, the controller
may be configured to controllably expand such pressure
delivery balloon.

[0032] In some embodiments of the system, the physi-
ologic data from the pressure sensor may be used to track
clinical parameters relevant to monitoring intraabdominal
hypertension (IAH) or abdominal compartment syndrome
(ACS). In other embodiments of the system, the physiologic
data from the pressure sensor may be used to track clinical
parameters relevant to monitoring any of cardiac status,
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respiratory status, the onset and progression of hemorrhage
or shock, patient bodily movement, or intestinal peristalsis.

[0033] As noted above, some embodiments of the dis-
closed technology relate to a system for sensing pressure-
based and temperature-based physiologic data from the
urinary tract of a patient, such system including a Foley type
catheter with a pressure sensor and a temperature sensor.
Embodiments of the pressure sensor have a pressure intet-
face disposed at a distal end of the catheter, a pressure
transducer at a proximal end of the catheter, and a fluid
column disposed between the pressure interface and the
pressure transducer. When the catheter is appropriately or
functionally inserted into the urinary tract and the distal end
is residing in the bladder, the pressure transducer transduces
pressure impinging on it from the fluid column into physi-
ological data comprising a chronological pressure profile.
Embodiments of the system further include a data process-
ing apparatus in communication with the pressure transducer
so as to be able to acquire the physiological data. Embodi-
ments of the data processing apparatus are configured to
process the chronological pressure profile into one or more
physiologic pressure profiles from the group including peri-
toneal pressure, respiratory rate, and cardiac rate. Embodi-
ments of the data processing apparatus are further config-
ured to acquire and process signals from the temperature
sensor, such signals reporting the core body temperature of
the patient.

[0034] Some embodiments of the disclosed technology
relate to a system for sensing pressure-based and analyte-
based physiologic data from the urinary tract of a patient,
such system including a Foley type catheter with a pressure
sensor and one or more analyte sensors. Embodiments of the
pressure sensor have a pressure interface disposed at a distal
end of the catheter, a pressure transducer at a proximal end
of the catheter, and a fluid column disposed between the
pressure interface and the pressure transducer. When the
catheter is appropriately or functionally inserted into the
urinary tract and the distal end is residing in the bladder, the
pressure transducer transduces pressure impinging on it
from the fluid column into physiological data comprising a
chronological pressure profile. Embodiments of the system
further include a data processing apparatus in communica-
tion with the pressure transducer so as to be able to acquire
the physiological data. Embodiments of the data processing
apparatus are configured to process the chronological pres-
sure profile into one or more physiologic pressure profiles
from the group including peritoneal pressure, respiratory
rate, and cardiac rate. Embodiments of the data processing
apparatus are further configured to acquire and process
analyte signals from the one or more analyte sensors, such
signals reporting the level of one or more analytes within the
urinary tract.

[0035] As noted above, some embodiments of the dis-
closed technology relate to a system for sensing pressure-
based, temperature-based, and analyte-based physiologic
data from the urinary tract of a patient, such system includ-
ing a Foley type catheter with a pressure sensor, a tempera-
ture sensor, and one or more analyte sensors. Embodiments
of the pressure sensor have a pressure interface disposed at
a distal end of the catheter, a pressure transducer at a
proximal end of the catheter, and a fluid column disposed
between the pressure interface and the pressure transducer.
When the catheter is appropriately or functionally inserted
into the urinary tract and the distal end is residing in the
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bladder, the pressure transducer transduces pressure imping-
ing on it from the fluid column into physiological data
comprising a chronological pressure profile. Embodiments
of the system further include a data processing apparatus in
communication with the pressure transducer so as to be able
to acquire the physiological data. Embodiments of the data
processing apparatus are configured to process the chrono-
logical pressure profile into one or more physiologic pres-
sure profiles from the group including peritoneal pressure,
respiratory rate, and cardiac rate. Embodiments of the data
processing apparatus are further configured to acquire and
process signals from the temperature sensor, such signals
reporting the core body temperature of the patient. Embodi-
ments of the data processing apparatus are further config-
ured to acquire and process analyte signals from the one or
more analyte sensors, such signals reporting the level of one
or more analytes within the urinary tract.

[0036] In some embodiments of the system, the physi-
ologic data from the any one or more of the sensors (pressure
sensor, temperature sensor, and/or analyte sensor) may be
used to track clinical parameters particularly relevant to
monitoring clinical conditions brought about by metabolic
diseases or diseases with pathophysiologic metabolic symp-
toms. For example, embodiments of the system may be used
to monitor clinical parameters relevant to kidney function or
diabetes. In other embodiments of the method, the physi-
ologic data from the sensors, the pressure sensor in particu-
lar, may be used to monitor body movement.

[0037] Some embodiments of the system include a fluid-
collecting receptacle to collect urine drained from the blad-
der, and the receptacle may include a fluid volume measur-
ing system. In some of such embodiments, the fluid volume
measuring system is configured to deliver data from which
a urine output rate may be determined. Embodiments of the
fluid volume measuring systems may include any of a
weight-sensitive system, a fluid height sensing svstem, a
mechanical mechanism, or an optically-sensitive system.

[0038] Some embodiments of the fluid-collecting recep-
tacle may include a chemical analyte measuring system to
identify and/or quantitate analytes such as those summarized
for the Foley type catheter itself. More specifically, as
example, analyte sensors may be sensitive to any one or
more analytes selected from a group consisting of bacteria,
blood, hemoglobin, leukocyte esterase, glucose, and particu-
late matter.

[0039] Some embodiments of the fluid-collecting recep-
tacle may include an RFID chip for identification of the
receptacle in communications with a data processing appa-
ratus, or for conveying sensed data to the data processing
apparatus.

[0040] Some embodiments of the system may include a
docking station to accommodate the collecting receptacle,
wherein the docking station and the collecting receptacle are
in electrical communication with each other. Communica-
tion between the docking station and the collecting recep-
tacle may occur by way of a data transmission line connect-
ing the docking station to the console, or it may occur by
way of a wireless communication system.

[0041] Some embodiments of the system may include a
fluid infusion apparatus, with the data processing apparatus
being configured to control the activity of the fluid infusion
apparatus in response to physiologic data processed by the
data processing apparatus.
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[0042] Some embodiments of the disclosed technology
relate to a method for monitoring physiologic data from the
urinary tract of a patient. These physiologic data particularly
include pressure-based data, but may further include tem-
perature-based data and analyte-based data. In still further
embodiments, delivery of pressure in combination with
light-based data to yield tissue perfusion pressure values.

[0043] Embodiments of the method include providing a
physiologic data monitoring system that includes a Foley
type catheter and a data processing apparatus. Embodiments
of the Foley type catheter have a pressure sensor, the
pressure sensor having a pressure interface disposed at a
distal end of the catheter, a pressure transducer at a proximal
end of the catheter, and a fluid column disposed between the
pressure interface and the pressure transducer, the pressure
transducer being able to transduce pressure impinging on it
from the fluid column into physiological data comprising a
chronological pressure profile. The method may further
include inserting the Foley type catheter in the urinary tract
such that the pressure interface is residing within the
patient’s bladder, transferring pressure sensed in the bladder
into a transducible chronological pressure profile; and pro-
cessing the chronological pressure profile into one or more
physiologic pressure profiles selected from the group con-
sisting of peritoneal pressure, respiratory rate, and cardiac
rate.

[0044] Some embodiments of the method include tuning
or priming a level of pressure being applied from a proximal
side of the pressure interface of a Foley type catheter toward
equivalence with a baseline physiologic pressure being
applied to a distal side of the pressure interface. Tuning
pressure refers generally to either increasing or decreasing
pressure applied to the proximal side of the pressure inter-
face. Proximal, in this context, refers to the side of the
pressure interface facing outward from the body (within the
communicating fluid column), and toward the main body of
the catheter or an operator handling the catheter. In one
aspect, tuning the pressure level may refer to priming the
fluid column from the proximal end of the column, directing
pressure toward the distal end of the column. In another
aspect, tuning the pressure level may refer to releasing or
bleeding pressure from the proximal end of the column, as
may be appropriate, for example, if pressure in the column
overshoots a desired pressure level, or if pressure from
within the bladder were to decrease. Embodiments of the
method may further include repeating the tuning step, as
needed, to maintain equivalence between the level of pres-
sure being applied from the proximal side of the pressure
interface and the baseline physiologic pressure being applied
to a distal side of the pressure interface.

[0045] Embodiments of the tuning step of the method may
include monitoring a physiologic pressure profile, and
adjusting the pressure being applied from a proximal side of
the pressure interface to a level such that a quality of a
physiologic pressure profile being processed by the system
is optimized. By way of example, the amplitude of pressure
waves associated with the respiratory rate may be moni-
tored. A high amplitude pressure profile may be considered
optimal in that it is generally associated with conditions of
equivalence between baseline pressure on either side of the
pressure interface. In another aspect, a high amplitude
pressure profile may be considered optimal because, other
factors being equal, a high amplitude signal permits a higher
level of resolution of real differences that may appear in
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signal level. In some embodiments, the monitoring step may
be performed automatically by the data processor, and the
adjusting step may be performed by an automatic controller
in communication with the data processor.

[0046] The necessity to prime the catheter is driven, at
least in part, by leakage of gas from the fluid column. It has
been observed, for example, that a Foley type catheter, per
embodiments of the disclosed technology, that comprises a
thin silicone membrane (e.g., a membrane with a thickness
0f 0.003 inch) leak about 2 cc of air per hour when under 15
mm Hg of pressure.

[0047] Some embodiments of the method may include
applying pressure to the proximal side of the pressure
interface by delivering gas under pressure to a space proxi-
mal to the pressure interface. Delivering gas to the space
proximal the pressure interface may be considered priming
the space or tuning the space so as to equilibrate or sub-
stantially equilibrate pressure on either side of the pressure
interface. The source of the gas, per embodiments of the
technology, is typically a compressed gas cylinder. Any
suitable biologically compatible gas may be used, including,
by way of example, air or carbon dioxide.

[0048] In some embodiments of the method, appropriate
for those in which the pressure interface includes a balloon
formed from an inelastic membrane, the method further
includes priming the fluid column from the proximal end of
the catheter to maintain the balloon at a size that places no
substantial strain on the inelastic membrane.

[0049] In some embodiments of the method, appropriate
for those in which the pressure interface includes a balloon
formed from an inelastic membrane having a total surface
area, the method further include inflating the balloon to a
level such that the total surface area of the membrane is
substantially taut.

[0050] Some embodiments of the method include sam-
pling the pressure profile impinging on the transducer at a
frequency of at least 1 Hz, the method further comprising
quantifying respiratory excursions relative to a baseline
magnitude of excursions proximate the time of catheter
insertion. These embodiments may particularly include
monitoring the relative amplitude of respiratory pressure
wave excursions, and relating such relative amplitude to
relative respiratory tidal volumes.

[0051] Some embodiments of the method include sam-
pling the pressure profile impinging on the transducer at a
frequency of at least 5 Hz, the method further including
quantifying peaks on the respiratory pressure wave that are
associated with the cardiac rate. In particular embodiments
of this type, against a background of a substantially stable
peritoneal pressure, the method may further include deter-
mining any of cardiac output, relative cardiac output, respi-
ratory tidal volume, or absolute cardiac stroke volume.
[0052] In some embodiments of the method, the one or
more physiologic pressure profiles yielded by processing the
chronological pressure profile may provide for monitoring
of body movement. Monitoring body movement may be of
particular benefit for bed-ridden patients, for example, who
have a decubitis ulcer, or are at risk of developing such an
ulcer when a portion of the body, such as a bony promi-
nence, rests too long in a pressured position without move-
ment that would relieve such pressure. Accordingly, moni-
toring body movement may include notifying a health care
provider of the level of movement of a patient who is at risk
of developing a decubitis ulcer, or at risk of exacerbating an
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existing decubitis ulcer. In addition, monitoring of patient
activity may also affirmatively report the presence of move-
ment. In this case, a patient that is a fall risk can be
monitored for activity that may indicate an attempt to rise
from their bed. This may signal an alert and prevent their
mobility without assistance.

[0053] In some embodiments of the method, wherein the
Foley type catheter has an expandable pressure delivery
balloon, a light source and a light sensor proximate the
expandable pressure balloon (the light sensor configured to
capture light from the light source) the method may further
include inflating the pressure delivery balloon to a desired
pressure, and monitoring the pressure within the expandable
balloon to determine the pressure level required to blanche
the tissue, said blanching pressure being reflective of a tissue
perfusion pressure.

[0054] In some embodiments of the method, wherein the
Foley type catheter has a temperature sensor, the method
may further include monitoring the body temperature of the
patient. In some embodiments of the method, wherein the
Foley type catheter further comprises an analyte sensor, the
method further may further include monitoring a level of the
analyte within the urine of the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 shows a data console in communication
with a urine-collecting receptacle docking station, per an
embodiment of the sensing Foley catheter system.

[0056] FIG. 2 shows an embodiment of the sensing Foley
catheter system set up to measure urine output from a human
subject.

[0057] FIG. 3 shows an embodiment of the sensing Foley
catheter system set up as an automated infusion therapy
system for a human subject.

[0058] FIG. 4 shows a volume-sensing urine collecting
receptacle that includes an RFID chip, the receptacle accom-
modated within a receptacle docking station, per an embodi-
ment of the sensing Foley catheter system.

[0059] FIG. 5A shows a sensing Foley catheter with a
pressure interface in the form of an inflatable balloon, per an
embodiment of the sensing Foley catheter system.

[0060] FIG. 5B shows a sensing Foley catheter a pressure
interface in the form of a membrane arranged across a
luminal opening, per an embodiment of the sensing Foley
catheter system.

[0061] FIGS. 6A-6D show various views and details of a
sensing Foley catheter, per an embodiment of the sensing
Foley catheter system. FIG. 6A schematically arranges the
sensing Foley catheter into a proximal section that remains
external to the body when in use, a portion that resides in the
urethra, and a portion that resides in the bladder, when
placed into a human subject.

[0062] FIG. 6B shows a detailed view of the proximal
portion of the catheter.

[0063] FIG. 6C shows a cross sectional view of the central
length of the catheter.

[0064] FIG. 6D shows a detailed view of the distal portion
of the catheter that resides in the bladder.

[0065] FIG. 7A shows an example of respiratory rate
sensing data from a human subject, as provided by an
embodiment of the sensing Foley catheter system. During
this test period, the subject performs a respiratory sequence
as follows: (1) breath being held at the end of an expiration,
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(2) valsalva, (3) normal respiration, (4) valsalva, and (5)
breath being held at the end of an expiration.

[0066] FIG. 7B shows a detailed portion of the respiratory
profile of FIG. 7A, a portion of the period of normal
respiration.

[0067] FIG. 8 shows an example of cardiac rate and
relative cardiac output sensing data from a human subject, as
provided by an embodiment of the sensing Foley catheter
system, and an EKG trace as measured simultaneously and
independently.

[0068] FIG. 9 shows data related to relative cardiac output
sensing in a human leg raising exercise in which cardiac
output increases, as demonstrated by an increased amplitude
of the cardiac pulse.

[0069] FIG. 10 shows an example of peritoneal sensing
data, with a focus on respiratory rate from a pig, as provided
by an embodiment of the sensing Foley catheter system.
[0070] FIG. 11 shows an example of pig study that dem-
onstrates the capability of an embodiment of the sensing
Foley catheter system to detect intra-abdominal hyperten-
sion.

[0071] FIG. 12 shows intraabdominal pressure, respiratory
wave pressure, and cardiac pressure schematically arrayed
as a two dimensional plot of pressure (mm Hg on a loga-
rithmic scale vs. frequency (Hz).

[0072] FIG. 13 provides a flow diagram of an embodiment
of the method.
[0073] FIG. 14 details an example of an algorithm that

may be used to report location of a user based on a device
that they carry or wear.

[0074] FIG. 15 shows a graphical representation of data
which may be provided to a user.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0075] FIGS. 1-4 show various elements of the disclosed
technology, including a urine receptacle 60 (holding a urine
output 61), a docking station 65 to hold the receptacle, an
electrical connection 67 that allows communication between
the docking station and a data collection and processing
apparatus in the form a bedside console 80. Embodiments of
the urine collecting receptacle 60 may include level or
volume sensors 62, as well as other analyte sensors. Recep-
tacle 60 may also include an RFID element that provides a
unique identifier to a remote RFID reader 68. In some
embodiments, an extender tube 63 may be utilized to convey
urine from the catheter to the urine-collecting receptacle.

[0076] FIG. 1 shows a data receiving and processing
apparatus in the form of a bedside console 80 in communi-
cation with a receptacle docking station 65 that accommo-
dates a urine collecting receptacle 60, shown as holding a
urine output 61, per an embodiment of the sensing Foley
catheter system. The communication path between the dock-
ing station and the console may include a wired connection
67, as shown, or it may be a wireless connection. The
bedside console may record and display output/input data.
Physiologic data from sensors associated with a sensing
Foley catheter may be held in a memory, displayed, printed,
or directly transmitted to a centralized data collection server.
[0077] In some embodiments, the bedside console or
controller is portable and able to travel with the patient.
Embodiments of console may be attachable to a patient’s
bed or an 1V pole, or a wall mount; it typically has its own
display, and is able to provide critical alerts. Some embodi-
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ments of console may be adapted to be able to operate on a
battery backup for 4 or more hours, as for example when
wall power is unavailable or has been lost. This portability
feature of console is advantageous in situations where
patients are typically not being electronically monitored,
such as when a patient is in transit from his or her bed to
another location. Embodiments of console may also be
configured to communicate to a base station with alerts and
centralized reporting and data collection. A controller or
base station may also generate mobile alerts that may be sent
to nurses or healthcare provider. Signal analysis and/or
predictive algorithms may also be used to provide useful
clinical data from sensors.

[0078] FIG. 2 shows elements of an embodiment of the
sensing Foley catheter system configured to measure urine
output from a human subject. In some embodiments, the
bedside console 80 or an RFID reader (see FIG. 5) is enabled
to trigger an alert if urine output is above or below a preset
normal or desired range for urine output over a set period of
time. Some embodiments of the system may also have an
intravenous infusion capability (see FIG. 3) to provide use
sensed data to regulate delivery of fluids or medicinal agents
such as a diuretic drug, by way of an automated system
based on the urine output feedback. Embodiments of the
system may include a docking station for the urine collecting
receptacle, the docking station being configured for data
transmission to a data receiving and processing apparatus
such as a bedside console or a networked central computer.
In some embodiments, the docking station delivers data
regarding the volume of urine in the urine receptacle, as well
as data that are informative regarding electrical parameters
of the urine, such as conductivity, resistance, or impedance.
Sensors may also detect and monitor bacteria, hemoglobin,
or other substances of clinical significance in urine.

[0079] FIG. 3 shows an embodiment of the sensing Foley
catheter system configured as an automated infusion therapy
system for a human subject. A bedside console 80 may
integrate patient data, such as fluids received or urine output
recorded, and then automate therapeutic infusion in response
to these data. For example, delivery of fluids or drug
solutions such as a physiological saline solution may be
initiated or regulated through an infusion line 82 if the
patient is dehydrated, or a diuretic may be infused if the
patient is fluid overloaded. In some embodiments, the con-
sole may trigger a local alert (e.g., audible beeping). or
trigger a centralized alert (e.g., a system alarm) if urine
output drops too low. The console may also integrate a
hydrating or medicinal fluid infusion capability, such as an
IV infusion pump, and may adjust infusion rates based on
these data or based on data acquired from other sensors
automatically. The console may communicate wirelessly, as
well, to these and other sensors within the body.

[0080] FIG. 4 shows a volume-sensing urine receptacle 60
accommodated within a receptacle docking station 65, per
an embodiment of the sensing Foley catheter system.
Embodiments of the receptacle may detect urine output
based on the levels at which sensors 62 are triggered. For
example, the receptacle may include electrical contacts
arranged as liquid height-marks, and when an electrical path
1s made between two contacts and all contacts below, the
level can be reported at that level. Embodiments of the
receptacle may include electrical, optical, chemical or
mechanical sensors. Embodiments of the receptacle may
include also contain diffuse or discrete sensing areas that
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detect analytes of interest, e.g., hemoglobin, protein, glu-
cose, bacteria, blood, leukocyte esterase. Sensing or data
reporting of sensed data may be of either an intermittent or
a continuous nature.

[0081] Embodiments of the receptacle may include a
capability to report sensing data to the bedside console,
locally (e.g., by beeping) or centrally via piping data to a
central information collection area. For example, an alert
may be triggered if urine output drops below 30 cc/hr. in
post-operative setting or below any otherwise predetermined
threshold. Embodiments of the receptacle may connect to a
docking station through electrical contacts; data communi-
cation among embodiments of the receptacle, docking sta-
tion, and a console or central computer may also be wireless.
If a docking station is used, it may detect urine output based
on weight or pressure of the receptacle that is applied to
base.

[0082] Embodiments of the urine collecting receptacle
may include disposable or durable optical, electrical or
chemical sensors capable of sensing and measuring urine
content of analytes such as glucose, electrolytes, bacteria,
hemoglobin, or blood. Embodiments of the receptacle may
include an interface with specifically designed area of the
urine receptacle to allow for this measurement, such as an
optically clear window for optical measurement of blood.
Embodiments of the receptacle docking station may also
grasp or accommodate the urine receptacle in any manner so
long as it secures the receptacle. The docking station or the
receptacle may include an inductive antenna or RFID capa-
bilities to allow for wireless querying and reporting of the
level of urine or other fluid collection.

[0083] The embodiment of FIG. 4 also shows a volume-
sensing urine receptacle 60 that includes an RFID chip, per
an embodiment of the sensing Foley catheter system. This
embodiment may contain RFID circuitry to collect and
transmit data directly from within the receptacle to a remote
RFID reader 68. When queried by the RFID reader, the
receptacle may detect impedance, resistance, capacitance or
any other electrical or non-electrical property to measure the
urine level and report this back to the reader. The reader may
then trigger alert if urine output is out of a normal or
desirable range. The RFID chip may be capable of detecting
changes in optical, chemical, electrical, acoustic or mechani-
cal properties, as well. RFID chips may be active or passive,
and may contain an antenna to transmit a receptacle-iden-
tifying signal to the reader, and allow multiple receptacles to
be queried simultaneously. An active RFID chip may incor-
porate a small battery (to extend its range). A passive RFID
chip may be powered by the transmission from the RFID
reader. The RFID reader may query a device from a distance
to wirelessly check the urine output level or it may be
centralized to query all receptacles within a unit, floor or
hospital and issue an alert if urine output is out of a normal
or desirable range. The RFID reader record urine output, as
well, and functionally replace the individual unit console
shown in FIGS. 1-3. The RFID reader may also report data
from other sensors within the system, including bladder
temperature or presence of analytes (as detailed elsewhere)
in the urine.

[0084] FIGS. 5A-6D show embodiments of a sensing
Foley catheter 10 and various of its features. A catheter may
be understood to have various sections according to their
disposition when the catheter is inserted into a human
subject, such as a proximal portion 14 that remains external
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to the subject, a central or urethra-residing portion 13, and
a distal or urinary bladder-residing portion 12.

[0085] Various internal lumens traverse the length of the
catheter, such as an air or fluid 24 that communicates with
a bladder retention balloon 36. A urine drainage lumen 23
has a distal opening 41 that resides in the bladder portion 12
of the catheter, and has an opening at the proximal end 14
of the catheter. As seen in FIGS. 2 and 3, the urine drainage
lumen may be connected to an extender tube 63 that conveys
the urine to a collecting receptacle. In some embodiments,
the drainage lumen and distal opening in the bladder may
also serve as in infusion conduit (see FIG. 3) by which
medicinal agents may be infused, or through which heating
or cooling fluid may be infused. Analyte sensors or tem-
perature sensors 50 may be disposed on the catheter, either
on the urethral portion 10 or the bladder-residing portion 12
of the catheter. Electrical or optical fiber leads may be
disposed in a lumen 25 that allows communication of
sensing signals between distally disposed sensors and the
proximal portion of the catheter, and then further commu-
nication to a data processing apparatus.

[0086] An inflatable pressure-sensing balloon 38 (FIGS.
6A, 7A, and 7B) or a pressure sensing membrane 39 (FIG.
5B) arranged across an opening may be positioned on the
distal end 12 of the catheter, residing in the bladder. Embodi-
ments of a pressure-sensing balloon or pressure sensing
membrane may be understood as comprising a pressure
interface having a distal-facing surface exposed to pressure
from within the bladder, and a proximal-facing surface
exposed to a proximal fluid column. Embodiments of the
fluid column (filled with either liquid or gas) may comprise
a dedicated lumen, or such column may share a lumen that
also serves as a sensing conduit such as lumen 25.

[0087] FIG. 5A shows a sensing Foley catheter that
includes a pressure interface in the form of pressure-sensing
balloon, per an embodiment of the presently disclosed
system. Pressure-based physiologic parameters that this
catheter embodiment can sense may include, by way of
example, peritoneal pressure, respiratory rate, and cardiac
rate, relative pulmonary tidal volume profile, cardiac output,
relative cardiac output, and absolute cardiac stroke volume.
Some embodiments of the Foley type catheter may be
further equipped with any of a temperature sensor, one or
more analyte sensors, electrodes, and paired light sources
and sensors. Embodiments thus further equipped are capable
of delivering other forms of physiologic data, as for
example, blood pressure, oxygen saturation, pulse oximetry,
EKG, and capillary fill pressure. A pressure transducer 20 is
further shown connected at the proximal end of the catheter
external to the body.

[0088] FIG. 5B shows a sensing Foley catheter with a
lumen (the third lumen, for example) used as a pressure
sensing lumen; this embodiment does not include a dedi-
cated pressure-sensing balloon as does the embodiment of
FIG. 5A, but instead has a pressure interface in the form of
a membrane arranged over a distal opening of the pressure
sensing lumen. In this embodiment, the sensing Foley cath-
eter is able to detect and report pressure-based physiologic
data as included in the embodiment described above. In this
present embodiment, a slow infusion of fluid into the bladder
may be accomplished through the third lumen of a standard
3-way Foley catheter, and pressure may be sensed using a
pressure sensor in line with this third lumen. In this embodi-
ment, all methods associated with processing and respond-



US 2017/0100561 A1

ing to pressure-based physiologic data, as described for
embodiments with a pressure-sensing balloon, are enabled.

[0089] FIGS. 6A-6D show various views and details of a
sensing Foley catheter, per an embodiment of the sensing
Foley catheter system. FIG. 6A schematically arranges the
sensing Foley catheter into a proximal section 14 that
remains external to the body when in use, a portion 13 that
resides in the urethra, and a distal portion 12 that resides in
the bladder, when placed into a human subject. FIG. 6B
shows a detailed view of the proximal portion of the
catheter, focusing on luminal openings 23, 24, and 25, which
are configured to make more proximal connections. FIG. 6C
shows a cross sectional view of the central length of the
catheter, and an example of how lumens 23, 24, and 25 may
be arranged. FIG. 6D shows a detailed view of the distal
portion of the catheter that resides in the bladder, with a
particular focus on a retention balloon 36 and a pressure-
sensing balloon 38.

[0090] Pulse oximetry elements allow for a determination
of blood oxygen concentration or saturation, and may be
disposed anywhere along the urethral length of the catheter.
In some embodiments, the sensor or sensors are disposed
within the tubing of the device to ensure approximation to
the urethral mucosa. With this technology, a healthcare
provider can decompress the bladder with a urinary catheter
and obtain pulse oximetry data in a repeatable and accurate
manner. The power source for pulse oximetry may be
incorporated within the urinary collecting receptacle or
within the catheter itself. In some embodiments, the pulse
oximeter is reusable and the catheter interface is disposable;
in this arrangement the pulse oximeter is reversibly attached
to the disposable catheter and removed when oxygen mea-
surements are no longer desired. Embodiments of the sens-
ing Foley catheter may include an optically transparent, or
sufficiently transparent, channel for the oximetry signal,
such as a fiber-optic cable, transparent window, and an
interface for the reusable oximeter. This method and device
for urethral pulse oximetry may be used in conjunction with
any of the other embodiments detailed herein or may be a
stand-alone device.

[0091] Embodiments of the sensing Foley catheter may be
able to sense any one or more of a plurality of clinically
relevant parameters, such as included in the following
examples: urine pH, urine oxygen content, urine nitrate
content, respiratory rate, heart rate, perfusion pressure of the
bladder wall or the urethral wall, temperature inside the
bladder or the urethra, electro-cardiography via sensors on
the bladder wall or the urethra, respiratory volume, respira-
tory pressure, peritoneal pressure, urine glucose, blood glu-
cose via urethral mucosa and/or bladder mucosa, urine
proteins, urine hemoglobin, blood pressure. In some
embodiments, the catheter can sense multiple parameters,
but some embodiments may be limited to as few as a single
parameter for focused applications (for example, respiratory
rate in a patient in respiratory distress). The respiratory rate,
relative tidal volume, peritoneal pressure, heart rate and/or
relative cardiac output may be measured simultaneously, as
well, by connecting a balloon with a flaccid wall or semi-
tense wall to an external pressure sensor via a lumen that
may be filled with liquid and/or gas.

[0092] These parameters may be measured, alone or in
concert with other parameters, through the use of pressure
measurement modalities other than the external pressure
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sensor. These may include: a deflecting membrane inside of
the catheter, MEMs technology, a catheter-based sensor
and/or other embodiments.

[0093] Relative cardiac output and relative tidal volume
may also be calculated, based on the deflection of the
pressure sensor and/or other force gauge. If sampled with
sufficient frequency (e.g., 1 Hz or greater), respiratory
excursions can be quantified in a relative manner to the
amplitude of the excursions at the time of catheter place-
ment. Larger excursions generally relate to heavier breath-
ing, or in the setting of an upward drift in the baseline, a
higher peritoneal pressure. The small peaks on the oscillat-
ing respiratory wave, caused by the pumping heart, may be
tracked as well by using faster sampling rates (e.g., S Hz or
greater), and the amplitude of this wave may be used, in the
setting of a relatively constant peritoneal pressure, to deter-
mine the relative cardiac output, in the setting of a known,
stable peritoneal pressure, absolute stroke volume and/or
cardiac output.

[0094] The disclosed technology captures a high-resolu-
tion chronological profile (pressure as a function of time) of
peritoneal pressure that can be transduced and processed
into distinct pressure profiles assignable to particular physi-
ologic sources, including peritoneal pressure, respiratory
rate, and cardiac rate. By tracking the pressure profile at a
sufficiently rapid sampling rate, as provided by the technol-
ogy, the pressure profile can be further resolved into relative
pulmonary tidal volume, cardiac output, relative cardiac
output, and absolute cardiac stroke volume.

[0095] Accordingly, aspects of the disclosed technology
relate to fidelity and resolution of a pressure signal generated
in response to changes in pressure within the bladder, such
changes being reflective of a pressure profile within the
peritoneal cavity, such pressure profile including cumulative
input from the aforementioned physiologic sources. Aspects
of the technology further relate to fidelity and resolution of
the transduction of the pressure signal into a highly resolv-
able electrical signal. Aspects of the technology relate still
further to processing the totality of the electrical signal
profile, a surrogate for the pressure profile within the peri-
toneal cavity, into component profiles that can be assigned
to the physiologic sources.

[0096] The sensitivity of an inflated balloon as a pressure
sensor is a function, in part, of the pressure differential
across the balloon membrane as a baseline condition. The
balloon has the greatest sensitivity to pressure when the
baseline pressure differential is near zero. As the baseline
pressure differential increases, the sensitivity of the pres-
sure-sensing balloon degrades. Accordingly, the disclosed
technology provides an automatic priming method that
maintains the balloon in an inflated state, but with a minimal
pressure differential.

[0097] Embodiments of the technology include a pressure
interface as may be represented by a balloon having either
a compliant membrane or a non-compliant membrane. In
general, considerations related to optimizing the pressure
around the pressure interface of the device are informed by
Boyle’s ideal gas law, the relationship between stress and
strain as described by Hooke, and by application of Young’s
modulus. The conditions for optimal sensitivity of a com-
pliant balloon and a non-compliant balloon are slightly
different, although, in general, the sensitivity of each is best
served by P1 and P2 being approximately equal. A non-
compliant balloon maximum sensitivity is achieved when
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P1 is only slightly above P2. For a compliant balloon, the
maximum sensitivity is achieved when P1 is slightly above
P2 at the low end of the (linear) elastic region of the spring
constant of the compliant balloon material.

[0098] To effectively capture physiologic pressure pro-
files, the profiles need to be sampled at a rate that is sufficient
to resolve the inherent frequency of changes in the profile.
This consideration is informed by the Nyquist-Shannon
sampling theorem, which states that a sampling frequency of
at least 2B samples/second is required to resolve an event
that runs at a frequency of B cycles/second. As applied to a
physiologic pressure cycle, for example, a cardiac rate of 70
beats/minute requires a sampling rate of at least 140
samples/minute to effectively capture the cycle. This rela-
tionship underlies aspects of the disclosed technology that
specify the sampling rate particularly required to capture
physiologic pressure cycles such as relative pulmonary tidal
volume, cardiac output, relative cardiac output, and absolute
cardiac stroke volume.

[0099] FIG. 12 shows intraabdominal pressure, respiratory
wave pressure, and cardiac pressure schematically arrayed
as a two dimensional plot of pressure (mm Htg on a
logarithmic scale vs. frequency (Hz). It can be seen that
there is an inverse relationship between pressure and fre-
quency, and the various physiologic pressure-related param-
eters occupy distinct sectors when arrayed in this manner. It
is by the distinctness of these profiles that embodiments of
the method (see FIG. 14), as disclosed herein, can resolve a
single overall chronological pressure profile into the distinct
subprofiles, in accordance with their physiologic origin.
[0100] Expandable pressure sensing balloons, per embodi-
ments of the technology, may assume one of at least two
basic forms, type 1 or type 2. In balloon embodiments of
type 1, which may be generally likened to a conventional
party balloon, the pressure-sensing balloon is formed from
or includes a compliant or elastic membrane. Accordingly,
the surface area of the membrane expands or contracts as a
function of the expansion of the balloon. The elasticity of the
membrane determines various features of the balloon, as a
whole, at different levels of expansion. Upon expansion, the
balloon, if unconstrained, maintains a substantially constant
or preferred form or shape, as determined by the mandrel
upon which the balloon is formed. Upon expansion of the
balloon from a minimal volume to its maximal volume, the
membrane of the balloon maintains a level of tautness.
Within the limits of elasticity of the compliant membrane, an
increase in pressure during inflation results in a consequent
expansion of volume. The balloon, on the whole may be
considered partially compliant in that its shape responds to
spatial constraints that it may encounter upon expansion or
inflation, however the balloon does have a preferred or
native shape, and such shape preference prevents a level of
shape compliance or conformability such as that shown by
a balloon of type 2.

[0101] In balloon embodiments of type 2, the expandable
pressure-sensing balloon is formed from or includes a non-
compliant, or non-elastic membrane, or a membrane that is
substantially non-compliant or non-elastic. Accordingly, the
surface area of the membrane does not expand or contract in
accordance with the level of balloon expansion. Type 2
pressure-sensing balloons may be generally likened to a
conventional Mylar® balloon. The inelasticity of the mem-
brane determines various features of the balloon, as a whole,
at different levels of expansion. Upon expansion of the
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balloon from a minimal volume to a level near its maximal
volume, the membrane of the balloon is supple, and has a
level of slackness. Expansion of a type 2 balloon occurs by
way of outwardly directed smoothing of wrinkles and folds
in the membrane. Deflation or compression of a type 2
balloon occurs by way of generally inwardly directed wrin-
kling and infolding. When a type 2 balloon is fully inflated
(or substantially inflated) without being in a confining space,
it assumes a preferred or native shape as determined by the
geometry of the membrane or fabric of the balloon. How-
ever, in a state of partial inflation, the balloon, as a whole,
is highly supple and conformable, broadly taking the shape
as may be dictated by a confining space.

[0102] Expandable pressure sensing balloons, per embodi-
ments of the technology, may also include features of both
of the two basic forms, type 1 or type 2. In these embodi-
ments, the membrane may include regions that are elastic
(like type 1) and regions that are inelastic (like type 2). A
balloon of this hybrid type would, as a whole, behave in a
manner drawing from behavioral aspects of both type 1 and
type 2 balloons, as described above. Further, type 1 balloons
may be formed with a membrane that is not of a homoge-
neous composition or thickness. In such embodiments,
regions of different thickness or composition could have
varying degrees of elasticity, thus affecting the behavior of
these regions during expansion of the balloon. In still other
embodiments, elasticity of the membrane may have a bias or
polarity that tends to permit elasticity in one or more
directions, and tends to disallow elasticity in one or more
other directions.

[0103] An aspect of the disclosed technology that is par-
ticularly advantageous in achieving a high resolution signal
from which pressure profiles from particular physiologic
sources (such as peritoneal pressure, respiratory rate, and
cardiac rate, relative pulmonary tidal volume, cardiac out-
put, relative cardiac output, and absolute cardiac stroke
volume) may be monitored relates to adjusting and main-
taining a balance of pressure on either side of the pressure
interface represented by the membrane of the pressure
sensing balloon. This balance of pressure may be referred to
as a pressure differential of zero, or as a zero pressure gauge.
Pressure impinging on the external face of balloon (facing
the internal aspect of the bladder) is subject to change
according to the physiology of the patient. Pressure on the
internal face of the balloon (which is in fluid communication
with the fluid column) is subject to degradation because of
fluid leakage and imperfect seals.

[0104] Upon first insertion of the Foley type catheter,
external pressure is typically applied to the fluid column and
against the pressure interface to a first approximation of
pressure being exerted on the pressure interface from within
the bladder. Pressure signals, as measured across a pressure
interface, have a maximal amplitude when the pressure
differential is zero. Accordingly, the amplitude of a pressure
signal can be used to tune the pressure being applied from
the fluid column against the pressure interface. This process
of applying an appropriate amount of pressure against the
interface may be referred to as priming the fluid column or
priming the balloon. Inasmuch as pressures on either side of
the pressure interface may change, as described above, the
fluid column may need to be reprimed or re-tuned, from time
to time. The necessity of repriming can be monitored by
testing small changes in pressure so as to achieve maximal
amplitude of a pressure signal profile.
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[0105] Embodiments of the disclosed system and method
include automatic pressure tuning by a controller. Accord-
ingly, the tuning system can detect the optimum target
pressure and volume to inflate the balloon by monitoring
sensed pressure signals and adding or removing air volume
as needed. For example, upon insertion of the catheter, a
pressure tuning circuit that regulates the balloon volume and
pressure will inflate the balloon until it detects a physi-
ologic-sourced pressure rate. Upon sensing that rate, the
pressure tuning controller will add or subtract minute
amounts of air in a routinized sequence until the amplitude
of the sensed wave is greatest. The control feedback loop
between the optimally tuned pressure (manifesting as bal-
loon pressure and volume) and the sensed physiologic
pressure profile iterates continuously and or as needed to
ensure high fidelity measurement of the physiologic data. In
some embodiments, automatic pressure tuning may be per-
formed in the apparent background while the physiologic
data is being transmitted and displayed; in other embodi-
ments the system may suspend transmission of physiologic
data during a pressure tuning sequence.

[0106] Embodiments of the disclosed technology include
a gas delivery system that can deliver gas in a priming
operation, whereby pressure can be applied to a fluid column
proximal to the proximal-facing aspect of the pressure
interface. A source of gas, such as compressed air or liquid
is held in a storage tank. Using CO, as an example, CO, is
controllably released from the storage tank through a pres-
sure regulator that can step pressure in the tank (for example,
pressure of about 850 psi) down to the range of about 1 psi
to about 2 psi. Released gas passes through a filter and a
pressure relief valve set at about 2.5 psi. The pressure relief
valve is a safety feature that prevents flow through of gas at
a level greater than 2.5 psi in the event of failure of the
upstream regulator. CO, exiting the pressure relief valve
next passes through a first solenoid-controlled fill valve to
enter the catheter line, ultimately filling the balloon that
comprises the pressure-sensing interface. Pressure within
the balloon is allowed to rise to alevel as high as 30 mm Hg,
whereupon the first solenoid-controlled valve closes. A
second solenoid-controlled valve, distal to the first valve
operates as a drain valve, which can release pressure from
the catheter to a target pressure. Alternatively, the drain
valve may be activated until a respiratory waveform is
detected after which the balloon will be optimally primed
and the valve will be closed. The drain valve may be subject
to proportional control, operably based on voltage or pulse-
width modulation (PWM), which allows a drain rate suffi-
ciently slow that the target pressure is reached and the valve
can be closed prior to overshoot. Alternatively, a peristaltic
or other air pump may be utilized to fill the balloon with
room air.

[0107] Intrabdominal pressure or bladder pressure, as
sensed by an embodiment of the disclosed technology, may
also be used to detect the level of patient movement (as may
vary, for example, between substantially no movement to a
high level of movement) and to report the movement level
to a healthcare provider. A short burst of peaks and valleys
in bladder pressure activity can serve as a proxy for body
movement in that such a bladder pressure profile is a strong
indicator that the patient is using their abdominal muscles,
as, for example, to sit up or get out of bed. This embodiment
may be of particular benefit for patients that are at risk of
falling. In a patient that is a fall-risk, a healthcare provider
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may be notified that the patient is sitting up and respond
accordingly. Alternatively, the device may be used to report
inactivity of a patient and/or lack of patient movement.

[0108] Embodiments of the technology may also report
patient movement in the detection or diagnosis of seizure
disorder. In this embodiment, the pressure variations may
trigger an EEG or recording equipment to allow for intense
period of monitoring during an episode suspected of being
a seizure. In addition, or alternatively, a pressure sensor,
acoustic sensor or other sensors may be used to detect bowel
activity, patient movement, seizure activity, patient shiver-
ing, frequency of coughing, severity of coughing, sleep
quality, speech detection, patient compliance (movement or
lack thereof), and may alert the healthcare provider that the
patient has not moved and must be turned or rolled. This
movement-related information may also be relayed to a
hypothermia device, a drug delivery device or other device
to control or mitigate seizure activity, shivering and/or
coughing.

[0109] Embodiments of the technology may also auto-
matically adjust intravenous fluid or drug infusion rates
based on feedback from the cardiac output or respiratory rate
sensed. In one such embodiment, a patient-controlled anal-
gesia pump may be deactivated if a respiratory rate drops too
low. Respiratory depression can be fatal in this group and
this safeguard would prevent overdose. An automated feed-
back system may also be advantageous in a large volume
resuscitation procedure, wherein fluid infusion can be tai-
lored based on intraabdominal pressure to prevent abdomi-
nal compartment syndrome by sounding an alert and slow-
ing infusion rates as the intraabdominal pressure rises. Yet
another automated feedback feature may provide direct
feedback to a ventilator system to provide the optimal
pressure of ventilated gas. In the setting of increased
abdominal pressure, typical ventilator settings do not pro-
vide sufficient respiration for the patient. An automated
adjustment of the ventilator settings based on intraabdomi-
nal pressure feedback from this embodiment may advanta-
geously provide for optimal patient ventilation. Embodi-
ments of the technology may also be applied as a correction
in the application or understanding of other diagnostic
measurements. For example, central venous pressure may be
dramatically distorted in the setting of elevated intraabdomi-
nal pressure. Providing direct access to these data by the
central venous pressure reporting system allows for the
automatic correction and accurate reporting of this critical
physiologic parameter. Embodiments of the technology may
also be used in a variety of other ways to automate therapy
including infusion of fluids that may further include active
agents, such as pressors or diuretics in response to increased
or decreased cardiac output.

[0110] In some embodiments, the Foley type catheter is
configured to report the presence of a water droplet or other
obstruction in an air-filled lumen, and then handle or resolve
the droplet. In a hypothermic setting, in particular, moisture
in an air lumen can condense and form obstructive water
droplets. Water droplets in an air-filled lumen (or air bubbles
in a water-filled lumen) can disturb or complicate pressure
signals due to the surface tension of the water. Accordingly,
a pressure-transmission lumen in some embodiments of the
disclosed technology may include a hydrophilic feature
(such as a coating on the wall of the lumen itself, or a
hydrophilic fiber running the length of the lumen) to wick
moisture away from the lumen in order to maintain a
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continuous, uninterrupted air channel. In some embodi-
ments, a hygroscopic composition (silica gel, for example)
may be used in line with the air infusion line or within the
air infusion lumen itself to capture water or humidity. In
some embodiments, a hygroscopic composition may be
included within the catheter so that the air infusion circuit
need not be serviced to replace this material.

[0111] In some embodiments of the disclosed technology,
air may also be intermittently (and automatically) infused
and extracted into the pressure-sensing balloon so that the
balloon is in a constant state of being optimally primed, as
described in further detail above. In the case of the wicking
fiber or hydrophilic coating in the lumen, the air extraction
may also contribute to removing and trapping any water
from the air line. In the instance of a liquid-filled lumen, a
hydrophilic fiber or a hydrophilic coating on the inside of the
pressure lumen will provide similar benefit in allowing this
lumen to handle an air bubble. In this instance, an air bubble
may distort the signal, but the air water interface surface
tension is defused by a hydrophilic coating in the lumen of
the catheter.

[0112] Additionally, a custom extrusion and lumen shape
may also be used to prevent obstruction in the case of liquid
and/or air-filled lumens. In some embodiments of the tech-
nology, for example, a Foley type catheter may have a lumen
that is stellate in cross sectional profile. Such a lumen is
generally immune from obstruction by a water droplet, as
the droplet tends to cohere to itself and push away from the
hydrophobic walls. This behavior tends to disallow filling of
a cross-sectional space, and allows for an air channel to
remain patent around the water droplet and communicate to
the sensor. The same logic applies to an air bubble in water
in a hydrophilic, stellate water lumen. In this instance the
hydrophilic liquid will cling to the walls and allow for a
continuous water column that excludes the air bubble to the
center of the lumen. The same applies for a hydrophobic
liquid in a hydrophobic lumen. In some embodiments, the
catheter may include an air channel, and a sensor incorpo-
rated within the catheter itself or a fluid lumen that is capable
of transmitting the pressure back to a sensor.

[0113] In some embodiments, the sensing Foley catheter
may include a blood pressure sensing element that may take
any of several forms. In one embodiment, a blood pressure
sensing element includes a pressure delivery balloon 32
(either a separate, dedicated balloon or a balloon in fluid
communication with a device retention balloon or a pressure
sensing balloon) that can be optically analyzed as it is
inflated to determine at which pressure the vessels within the
bladder or urethra are blanched and blood flow is stopped.
This approach provides a reading of the perfusion pressure
of the tissue abutting the pressure delivery balloon, such
reading reflective of both the systemic blood pressure and
vascular resistance. This embodiment of a perfusion pres-
sure device may be used to provide early detection or
monitoring of a variety of acute or emergent medical con-
ditions such as sepsis, shock, hemorrhage, and can be
particularly advantageous in detecting these conditions at an
early stage.

[0114] Other modalities may be used to detect that the
tissue has been blanched or ischemic, as well, with the
common methodological aspect being that of the intermit-
tent inflation within the lumen, body cavity or bodily tissues
to provide the compression of the vasculature. Embodiments
of this device and associated methods may also be used to
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detect perfusion pressure in other areas of the body with an
intermittently inflatable member and optical detection of
blood flow or the presence of blood.

[0115] Tissue perfusion information may also be provided
by way of sensors disposed on the shaft of the catheter such
that they contact the urethral wall when the catheter is in
place. These sensing technologies may include microdialy-
sis, pyruvate, lactate, pO,, pCO,, pH, perfusion index,
near-infrared spectroscopy, laser Doppler flowmetry, ure-
thral capnography, and orthogonal polarization spectros-
copy. Any of these tests may also be performed on the urine
or the bladder wall itself to generate measurements of tissue
perfusion.

[0116] Embodiments of a sensing Foley catheter have
been used to collect data from a human subject (FIGS. 7-9)
and from a pig (FIGS. 10-11). The human subject was a
consenting and well-informed volunteer.

[0117] FIG. 7A shows an example of respiratory rate
sensing data from a human subject, as provided by an
embodiment of the sensing Foley catheter system. During
this test period, the subject performs a respiratory sequence
as follows: (1) breath being held at the end of an expiration,
(2) valsalva, (3) normal respiration, (4) valsalva, and (5)
breath being held at the end of an expiration. FIG. 7B shows
a detailed portion of the respiratory profile of FIG. 8A, a
portion of the period of normal respiration.

[0118] FIG. 8 shows an example of cardiac rate and
relative cardiac output sensing data from a human subject, as
provided by an embodiment of the sensing Foley catheter
system, and an EKG trace as measured simultaneously and
independently.

[0119] FIG. 9 shows data related to relative cardiac output
sensing in a human leg raising exercise in which cardiac
output increases, as demonstrated by an increased amplitude
of the cardiac pulse.

[0120] The data shown in FIGS. 10 and 11 were derived
from studies done with Yorkshire pigs under IJACUC-ap-
proved protocols. FIG. 10 shows an example of peritoneal
sensing data, with a focus on respiratory rate from a pig, as
provided by an embodiment of the sensing Foley catheter
system. FIG. 11 shows an example of pig study that dem-
onstrates the capability of an embodiment of the sensing
Foley catheter system to detect intra-abdominal hyperten-
sion. In this study, the peritoneal cavity was accessed with
a 5 mm Tenamian trocar. The trocar was then attached to a
5 L bag of Lactated Ringers solution via a peristaltic pump,
and the solution was infused at a rate of about 1 L per
minute. Fluid flow was discontinued once a pressure of
about 20 mmHg was obtained after which there was no net
fluid flow in or out of the cavity.

[0121] FIG. 13 provides a flow diagram of an embodiment
of the method of monitoring pressure as it occurs dynami-
cally as waves of varied frequency and amplitude in the
intraabdominal cavity, as detected from within the urinary
bladder. Through the agency of a pressure interface, a high
fidelity pressure profile is generated and transmitted proxi-
mally through a fluid column. More proximally, a pressure
transducer converts the high fidelity pressure wave into a
high fidelity electrical signal that is informative of pressure
frequency and amplitude. The generated high fidelity elec-
trical signal is then processed to yield data subsets that are
reflective of components within the overall pressure profile,
such subsets being attributable to particular physiologic
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sources, such as peritoneal pressure, respiratory rate, cardiac
rate, relative cardiac output, and patient motion or activity.
[0122] Unless defined otherwise, all technical terms used
herein have the same meanings as commonly understood by
one of ordinary skill in the medical arts. Specific methods,
devices, and materials are described in this application, but
any methods and materials similar or equivalent to those
described herein can be used in the practice of the present
invention. While embodiments of the invention have been
described in some detail and by way of illustrations, such
illustrations are for purposes of clarity of understanding
only, and are not intended to be limiting. Various terms have
been used in the description to convey an understanding of
the invention; it will be understood that the meaning of these
various terms extends to common linguistic or grammatical
variations thereof, Further, while some theoretical consid-
erations may have been advanced in furtherance of provid-
ing an understanding of the technology, the appended claims
to the invention are not bound by such theory. Moreover, any
one or more features of any embodiment of the invention can
be combined with any one or more other features of any
other embodiment of the invention, without departing from
the scope of the invention. Still further, it should be under-
stood that the invention is not limited to the embodiments
that have been set forth for purposes of exemplification, but
is to be defined only by a fair reading of claims appended to
the patent application, including the full range of equiva-
lency to which each element thereof is entitled.

[0123] Patient Tracking

[0124] The present invention relates to monitoring
patients to determine their whereabouts and correlating this
information with their health status.

[0125] Prior to the present invention, location of a patient
and their activity patterns has not been correlated with health
status in order to provide an early indication of disease onset
(or recurrence).

[0126] The present invention, then, allows for the use of
wireless, satellite or other tracking mechanisms to determine
the location of an individual. This location information,
updated throughout the day, allows for a “time budget” to be
provided to the patient and/or healthcare provider. The
amount time spent in each location may then be analyzed to
determine a change in behavior patterns that may provide
early indication of illness.

[0127] In its simplest embodiment, the present invention
provides a tracking device, ie a GPS unit, a cell phone, etc.,
and uses an algorithm to determine where a patient has been
spending their time. In preferred embodiments, the patient
will define locations, ie home, work, gym, etc. and the
tracking device will then report when the patient is within
these regions. The region may also be correlated to a map in
order to more tightly define the region. This function will
allow for better tracking as opposed to just drawing a broad
circle around each of these regions and will allow for the
patient to be reported as “At Work™ even if their work spans
many buildings. Preset definitions will also exist which may
be correlated to a map and all of such destinations may be
bucketed in the same “time budget” category. For example,
a user may select a gym from a list of fitness centers then all
fitness centers that are members of that gym will be regis-
tered as such. In addition the algorithm may be such that
once a place (such as a fitness center) is identified as such
based on GPS readings, a map may be consulted then all
such fitness centers will be labeled as such without the need
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to define each fitness center individually. The same catego-
rization and grouping applies for all time categories, includ-
ing work, home (if a user owns two homes), gym, etc.
[0128] The time spent within each region may then be
used to provide a time budget to patients and/or healthcare
providers. The data may also, optionally, be anonymized and
sent to a healthcare provider. In its ideal embodiment the
actual tracking data (ie all locations that the patient has
visited) will not be available to anyone other than the patient
and may even be deleted from the device once the analysis
has been performed and the time budget has been generated.
In its preferred embodiment, as well, the device (which may
consist of a single device or several devices interconnected)
may wirelessly transmit the data to a healthcare provider
after, the data has been analyzed and/or anonymized.
Changes in movement patterns may then be analyzed by the
healthcare provider (or an automated algorithm) and
reported. A baseline period of healthy activity may also,
preferably, be recorded and analyzed prior to the onset of
monitoring so that a baseline may be established for com-
parison. Psychiatric and physical ailments may then be
detected based on high-level locational data and where a
user/patient is spending most of their time.

[0129] FIG. 14 details an example of an algorithm that
may be used to report location of a user based on a device
that they carry or wear. In this figure, the algorithm is
focused on locating the user and reporting their location as
one of four places: HOME, WORK, GYM, COMMUTE,
OUT (here used as a catchall for anything other than the first
four.

[0130] FIG. 15 shows a graphical representation of these
data which may be provided to a user (so they can more
accurately budget their time) or to a healthcare provider,
supervisor, etc.

1.-20. (canceled)

21. A method of monitoring a health status of a patient via
location tracking, comprising:

recording a patient’s location information over a first

period of time using a GPS tracking device located with
the patient, wherein the location information includes
one or more locations each denoted as home, work, out,
gym, or commute;

determining a baseline of the patient’s location informa-

tion associated with healthy activities;

further tracking the patient’s location information over a

second period of time using the GPS tracking device
located with the patient;

analyzing the patient’s location information over the

second period of time with an automated algorithm to
determine movement patterns of the patient, wherein
the location information includes at least two of home,
work, out, gym, and commute; and

comparing the patient’s location information over the

second period of time against the baseline to monitor
for a change in behavioral patterns as indicative of an
illness of the patient.

22. The method of claim 21 further comprising transmit-
ting the patient’s movement patterns to a health care pro-
vider located remotely from the patient.

23. The method of claim 21 wherein the one or more
locations are defined by the patient as home, work, out, gym,
or commute.

24. The method of claim 21 wherein the location infor-
mation is correlated to a map.
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25. The method of claim 21 wherein determining a
baseline comprises generating a time budget based on the
patient’s location information.

26. The method of claim 21 wherein analyzing the
patient’s location information comprises determining an
amount of time spent in each of the one or more locations.

27. The method of claim 21 wherein analyzing the behav-
ioral patterns comprises grouping the patterns into time
spent at the one or more locations.
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