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SENSING FOLEY CATHETER

CROSS-REFERENCE TO RELATED APPLICATIONS
{6081} This application claims the benefit of prionity to ULS. Provisional Application
No. 61/840,408 filed June 27th, 2613, U.S. Provisional Application No, 61/893,816 filed
October 21st, 2013, and Provisional Application No. 61/959,144 filed August 16th, 2013,
each of which is meorporated herein by reference in its entirety, Thiz application 1s also
related to POT/USI2/028071 filed March 7%, 2012, which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD OF THE INVENTION
[6062) The disclosed techuology relates to the ficld of medical devices, 1o particular
devices capable of sensing physiologic data hased on sensors incorporated info a
catheter or implant adapted to reside in any of a wrinary tract, gastroiniestinal

tract, rectal location, pre-peritoneal or other implanted site.

INCORPORATION BY REFERENCE
{B8a3} Al publhications and patent applications mentioned in this spectfication are
heretn meorporated by reference (o the sare extent as if each such wndividual publication

or patent application were specifically and individually mdicated to be 3o meorporated by

reference.
BACKGROUND OF THE INVENTION
(B84} The Foley catheter, named for D Frederick Foley wheo first described a self

retaring balloon catheter 1n 1929, has been 1o use since the 19307s, i a form neaxly
wdentical to its early roodels. To its most basic form, a Foley catheter has proximal portion
that remains outside the body, a length that traverses the wrethra, and a distal end that
restdes m the urinary bladder. The Foley catheter 15 held in place by an mflatable balicon
that stabilizes the device 1 place, and prevents inadvertent withdrawal from the bladder.
A typical Foley catheter meludes at least two tumens along its length; one lumen serves
as a conduit that drains the bladder, and the second lnmen serves as a fluid conduit that
altows the balloon to be controliably mflated and deflated.

{385} Various developments have added diagnostic fanctionality to Foley type
catheters, including the ability to measure pressure and termperature. For example, U5,
Patent No. 5,389,217 of Singer discloses a catheter with oxygen sensing capability, US.

Patent No, 5,916,133 of Rhea and U.S. Patent No, 6,434,418 of Neal both disclose a
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pressure sensor assoctated with 2 Foloy type catheter. TS, Patent 6,602,243 1o Noda
discloses a temperature sensor associated with a Foley type catheter,
{Boas] The Foley catheter, widespread 1o use, having a low cost, and easily put in
place by health care professionals may offer still fucther opportunity as a vebiele for

3 deriving entical diagpostic information. The technology disclosed berciu provides for the
detivery of highly resclved and previously unavailable diagnostic information, as may be

derived from a Foley catheter with pressare sensiug capability,

SUMMARY OF THE INVENTION

19 {87} The disclosed technology relates to a Foley type catheter for sensing
physiologic data from the urinary tract of a patient, the physiologic data particularly
inciuding those gathered by high fidelity pressure sensing and transduction into signals
sutiable for processing. Tn sorne embodiments, the pressure-sensing Foley type catheter
may further be enabled to sense temperature and analytes of clinical significance.

5 {6888} Geperally, one variation of 2 fhaid pressure sensing assembly may comprisc a
catheter {such as a Foley type catheter) having a length and an expandable retention
mernber located near or at a distal end of the catheter, the catheter defining a drawmage
humen at least partially through the catheter length such that a distal end of the drainage
himen terminates at a drainage opening defined near or at the distal end of the catheter, a

it fluid chamber defining a recetving chanuel and a port flmdly coupled to the drainage
humen such that the recetving channel 1s m fuid commuonication with the drainage
opening, and a pressure sensing mechanism located within the fluid chamber, wherem a
fluid introduced into the drainage opening is received within the receiving channel and

impinges upon the pressure sensing mechanism.

i

(B89} In use, the catheter raay be positioned within a body lumen (as further
described here) and a flwd from the body lnmen may be introduced through the drainage
opening and oo the draipage fursen. The fiud may be received throngh a port fluidly
coupled to the draimage hamen and into a receiving channel of a fluid chamber which is

positioned external to the body tumen and the flmd pressure may be detected from the

3G flwd tmpinging upon a pressure sensing mechanism located within the floid charsber.
{Bo1g] In another crabodiment of the pressure sensing apparatis, 3 Pressure sensing

catheter having a pressure seusing mechanisn may be located near or at a distal end of
the pressore sensing catheter, wherein the pressuore sensing catheter has a diameter sized

for insertion within the drainage lumen. In this variation, the pressure sensing catheter

(93]

may be positioned within the drainage lumen and detect the fluid pressure when the fhaid
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from the body lomen is introduced through the drainage opening and into the drainage
ipmen.

IR Embodiments of the disclosed techuology inchide an air handling systern,
Such embodiments may be configored for autopriming of the balloon. Embodiments may

S further molode features that preventd clogging by an air bubble and/or water droplet
S0 o D
prevention, Water droplet prevention feature msy inchide a hydrophilic fiber.
Embodiments may forther inchude a detection and warning system to alert for the

presence of a clog, air bubble or water,

{M32] Embodiments of the Foley type catheter include a pressure sensor having a
10 prossure interface disposed at a distal end of the catheter, a pressure transducer at a

proximal end of the catheter, and & fluid column disposed between the pressure mterface
and the pressure transducer. When an crobediment of catheter is appropriately or
functionally nserted into the urinary tract of a patient and the distal end i3 residing n the
bladder, the pressure transducer can transduce pressure impinging on it from the pressure
5 interface into a chronological pressure profile. The pressure profile has sufficient
resolation to be processed o one or more distinet physiologic pressure profiles,
including perttoneal pressore, respivatory rate, and cardiac rate.
HEHRY It some particular erbodiments of the Foley type catheter, the pressure
profile generated by the pressure sensor has sufficient resobution such that, when sampled
it by a trapsducer at a frequency of at least about 1 Hz, 1t can be processed to yield a relative
pulmonary tidal volume profile. In stll further embodiments of the Foley type catheter,
the pressure profile generated by the pressure sensor has sufficient reschution 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,

i

relative cardiac output, and absolute cardiac stroke vofume.

{6814} In various emboduments of the catheter, the fluid within the fluid colwon meay
inchade a gas, such as air or carbon diowide, or it may include a hguid. In some
embodiments wherein the fluid colummn includes a iquid, such hiquid may include vune,
as soarced from the bladder,

3G {BO15] In various embodirnents of the catheter, the pressure mterface may elade an
elastic membrane or a substantially inclastic membrane, In some embodiments, the
pressure imterface is substantially homogeneoas across its surface area. In other
emboediments, the pressure interface can be heterogencous, having regions that vary 1n

composition ot thickness, or having features that provide an elasticity bias.

(93]

{M16] In particular embodiments of the catheter, the pressure interface includes an

expandable balloon. Such an expandable balloon may mclude either an clastic membrane

(3
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or a substantially inelastic membrane. Embodiments of the balloon, parficnlardy those
having an tnelastic membrane, spon expansion, the balloon has 2 volore in the range of
abowt (. 1ce to about 2 co. Other embodiments of the balloon, vpon expansion, may have
farger voluraes, for example, 1n a range of abowt 2 cc to about 5 oo, ov in 2 range of about
Sec o about 250 ¢, a volume that ts greater than 250 ce. In another aspect, upon
nflation, embodiments of the balloon may have a diameter that ranges between about
o and Bmom.

{8817} In various embodiments of the catheter, the pressure interface inchudes a
membrane arranged across an opening. In such embodiments, the membrane is
sufficiently elastic to respond to an mtemal-external pressure differential across its
surface.

G In some embodiments, the Foley type catheter further includes a temperatiwe
sensor to monitor a body core temperature of the patient. In these embodiments, the
physiclogic data from the temperatare sensor in the system may be used to monitor body
temperature and to feedback control delivery of a hypothenmic treatment regimen,
Terperatores sensors appropriate for the Foley type catheter may be of any conventional
type, including by way of exarapie, 2 thermustor, a thermocouple, or an optical
temperatiuee 5eusor,

j6819] In some embodiments, the Foley type catheter further meludes one or more
analyte sensors, Analyte sensors incloded m the scope of the disclosed techuology inciude
sensors for analytes of any clinical significance. For broad examples, such analytes may
include any analyte selected from a group inchuding pH, a gas, an electrolyte, 2 metabolic
substrate, a metabolite, an enryme, 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 jnclude glucose or lactic acid. By way of example of a hormone, the analyte
may include cortisol.

{Ba28} In some embodiments, the Foley type catheter further includes one or more
electrodes arranged as electrical activity sensors. Such elecirical activity seusors may
deliver physiologic data that can be transformed to yield an slectrocardiogram {(EKG) or
an clectrogastrogram (EGG).

(B2} 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 Hight source. In
some embodiments, by way of example, the hight source and the light sensor may be
configured to operate as a pulse oxameter, the light sensor being able to debiver a signal
that can be franaduced nto a pulse rate. In another example, the light source and the light

sensor may be configured to operate as an analyte sensor.

PCT/US2014/044565
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{B822} Some embodiments of the Foley type catheter may further include an
expandable pressure-debivery balloon disposed on the catheter so as, upon expansion, o
contact a wall of the biadder or the urethra; and a hght source and a light sensor disposed
proximate the tissue-coropressing balloon. The pressure debivery balloon, the light souree,
3 and the light sensor may be arranged soch that whea the expandable pressuee balloons
expanded so as to blanche a tissue surrounding it as detected by the hight sensor, a light-
based signal from the light sensor may be processed to yield a perfusion presswme on a
wrinary bladder wall or & urethra.
{0823} Some embodiments of the disclosed technology relate 1o a Foley type
19 catheter for sensing pressure-based physiclogic data from the arinary tract of a patient
having a pressure sensor that includes a pressure mterface and a fransducer, the sensor not
inciuding a pressure-transmitiing column. These embodiments typically have a pressure
sensing mechanism or transducer proximate the pressure inferface. Such pressure sensors
may rachide, by way of example, any of a piczoeleciric electric mechanism, an optical
5 sensing mechanism, a microclectricalmechanical (MEMS) mechanism, or an acoustic
wave sensing roechanism, When the catheter is appropriately or finctionally inserted into
the urinary tract and the distal end 5 residing i the bladder, the pressure sensor can
transduce pressure mpinging on i from the pressure interface mito a chronological
pressure profile, the pressure profile having sufficient resolution o allow differentiation
it into one or more physiclogic pressure profiles selected from the group consisting of
perttoneal pressure, respiratory rate, and cardiac rate.
{6824} The disclosed technology relates to a Foley type catheter for sensing
pressure-based physiologic data from the urinary tract of a patient, as sammarized above,

but further bemng enabled to sense a physiologic response to the delivery of pressure, and

i

thereby to determine tissue perfusion pressures. Embodiments of the Foley type catheter
inchade a pressure sensor having a pressure soterface disposed at a distal end of the
catheter, a pressure fransducer at a proximal end of the catheter, and a fluid colwon
disposed between the pressure interface and the pressure transducer. Embodiments of this
type further 1nclude an expandable pressure-delivery balloon disposed on the catheter so
3G a8, upon expansion, to contact a wall of the bladder or the urethra, and a light scurce and
a light sensor disposed proxirpate the tissue-corapressing balloon. When an embodirsent
of catheter is appropriately or functionally mserted nto the winary tract with the distal

end residing i the bladder, the pressure transducer can transdoce pressure impinging on it

from the pressure interface into a chronological pressure profile. The pressure profile has

(93]

sufficient resclution to be processed into one or more distinet physiologic pressure

profiles, including peritoneal pressure, respiratory rate, and cardiac rate. And when the
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expandable pressure bafloon 8 expanded so as to blanche a tissue surrounding i {(as
detected by the light sensor), a ght-based signal emanating from the light sensor may be
processed to yvield a perfusion pressure on a weinary bladder wall or a wrethra,

{B825] The disclosed technology further relates to a system for sensing and
processing physiologic data from the woinary tract of a patient, the physiclogic data
particularly including those gathered by high fidelity pressure sensing and transdoction
nto signals soitable for processing; these embodiments will pow be summarized. In some
emboediments, the pressure-seusing Foley type system may further be enabled to sense
and process temperature data and/or analyte data of climical significance; these features
and embodiments will be summarized farther, below.

{M26 Thus, particalar embodiments of the disclosed technology relate to a system
for sensing pressure-based physiologic data from the urinary teact of a patient.
Erabodiments of the systero include 2 Foley type catheter with a pressure sensor having a
pressure interface disposed at a distal end of the catheter, a pressure transducer at 2
proximal end of the catheter, and a fhaid coluron disposed between the pressure juterface
and the pressure transducer, When the catheter is appropriately or functionally oserted
into the vripary tract and the distal end s residing 1o the bladder, the pressure transdocer
can transduce pressure impinging on it from the pressure terface mto a chronological
prassure profile. Embodiments of the system further inchude a data processing apparatas
in communication with the pressure transdocer 50 as to be able to acquire the
physiological data. Embodiments of the data processing apparatas are configored to
process the chronological pressure profile into one or more physiologic pressure profiles
from the group including peritoneal pressure, respiratory rate, and cardiac rate.

{6827} In particular embodiments of the system, the pressure transducer is operable
to sarople pressure yupinging on it at a rate of at least about 1 Hz. In embodiments such

as these, the data processing apparatus may be configured fo determine relative
pulmonary tidal volume. In other particular eoibodiments of the system, the pressure
trapsducer s operable to sample pressure impinging on i af a rate of at least about 5 Hz.
In embodiments sach as these, the data processing apparatus ay be configured o
determine any of cardiac output, relative cardiac ouvtput, or absolute cardiac stroke
volume.

{B928] In particular embodiments of the system, the Foley type catheter may further
mehide a temperatare sensor to monitor body temperature. In emmbodiments such as these,
the data processing apparatus may be further configured to acquire and process signals

from termperatyre sensor,

PCT/US2014/044565
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{6829 In other emboediments of the system, the Foley type catheter roay further
wciude one or more analyie sensors, In crobodiments such as these, the data processing
apparatas i3 fucther configured to acquire and process signals from the one or more
analyte sensors.

3 {8838} In some erpbodiments of the system, the data processing apparatus inelodes a
stand-alone conscle. In some embodiments, the stand-alone console includes a bedside
ymit that is dedicated to monitoring a single patient. {n some of these types of
embodiments, the commumcation between the pressure transdocer and the data
processing apparatus is wireless.

19 {35 In some embodiments of the system, the data processing apparatus inclades a
networked computer. In some of these types of embodiments, the networked computer is
able to track data from a plurality of patiends.

{6832} In particular embodiments of the systers, the data processing apparatus may
inciude both a stand-alone console and a networked computer. fn some of these types of

5 embodiments of this type, the stand-alone console and the setworked computer are in
commumcation with each other. In particular embodirpents, the 1 commanication
between the stand-alone conscle and the networked computer 1s wireless.
j8833] I some embodiraents of the system, the data processing apparatas may
inclade a memory into which a normal range of vahues for the physiologic data may be

it entered, and the data processing apparatas may be configured to initiate an alarm when
physiolegic data of the patient are outside soch range of normal valoes.

{6634} In some embodiments of the system, the data processing apparatus may
include a memory configured to receive patient-specific climical data from a source

external to the Foley type catheter, and the data processing apparatus may be configured

i

to integrate such external data and the Foley type catheter-derived physiclogic data.
(B35} Some embodimentis of the system may inchude a controller in commumnication
with the data processing apparatus. In such embodiments, the controlier may be
configured to tunc a level of pressure being applicd through the flmd column agatast the
proximal side of the pressure nterface. Aspects of tuning the pressuee fevel being applied
3G distally against the pressore mterface are expanded on below, 1 the context of
sumraanzing methods provided by the disclosore, Further, in embodirnents of the catheter
that mchude a pressure delivery balloon that may be used in a method to measure Hssue
perfusion pressure, the controller may be configured to controliably expand such pressure

delivery balloon.

(93]

{4336 In some embodiments of the system, the physiologic data from the pressure

sensor may be used 1o track clinical parameters relevant to monitoring intraabdominal
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hypertension (LAH} or abdominal compartinent syadrome (ACS). In other embodiments
of the systern, the physiologic data from the pressure sensor may be used to track chinical
parameters relevant any of monttoring cardiac status, respiratory status, the onset and
progression of hemorrhage or shock, patient bodily movement, or wtestinal pecistalsis
{B837} As noted above, some embodiments of the disclosed tochnology relate to a
system for sensing pressure-based and temperatwe-based physiologic data from the
urinary tract of a patient, such system imncluding a Foley type catheter with a pressure
sensor and a femperatare sensor. Embodiments of the pressure sensor have a pressure

¥

mierface disposed at a distal end of the catheter, a pressure transducer at a proximal end
of the catheter, and a fhud column disposed between the pressure interface and the
pressure transducer. When the catheter is appropriately or fimctionally inzerted mto the
urinary tract and the distal end is residing in the bladder, the pressuce transducer
transduces pressure impinging on & from the flrid coluron to physiological data
comprising a chronological pressure profile. Erabodiments of the system further include a
data processing apparafis in communication with the pressure trapsducer so as 1o be able
to acquite the physiological data. Embodinsents of the data processing apparatus arce
configured to process the chronological pressure profile mnto one or more physiologic
pressure profiles from the group including peritoneal pressore, respiratory rate, and
cardiac rate. Embodiments of the data processing apparatas are further configed (o
acquire and process signals from the temperatore sensor, such signals reporting the core
body temperature of the patient,
{6038} 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 inferface disposed at
a distal end of the catheter, a pressure transducer af 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 joto the wrinary tract and the distal
end s residing 1 the bladder, the pressure transducer transduces pressure tmpinging on it
from the fuid colums mdo physiclogical data compusing a chronological pressure profile.
Emboduments of the system further include a data processing apparatus 1o communication
with the pressure fransducer so as to be able to acquire the physiological data.
Embodiments of the data processing apparatus are configured to process the
chronological pressure 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

PCT/US2014/044565
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from the one or more analyte sensors, such signals reporting the level of one or more

analytes within the urinary tract,

{8039} As noted above, some embodirnents of the disclosed technology relate to a
system for sensing pressurc-based, teraperature-based, and analyte-based physiologic data

from the urinary fract of a patient, such systern including a Foley type catheter with a
pressure sensor, a temperature sensor, and one or more analyie sensors. Embodiments of
the pressore sensor have a pressure mierface disposed at a distal end of the catheter, a
pressure transducer at 2 proxinal end of the catheter, and a fhid colomn disposed
between the pressure interface and the pressure transducer. When the catheter s
appropriately or functionally inserted into the vrmary tract and the distal end is residing in
the bladder, the pressure transducer transduces pressure impinging on it from the fhud
cobumn into physiological data compuising a chronclogical pressure profile. Ernbodiments
of the system further include a data processing apparatus is communication with the
pressure transducer so as to be able 1o acquire the physiclogical data. Erabodiments of the
data processing apparatus are configured o process the chronological pressure profile
e one or more physiclogic pressure profiles from the group wcluding perttoneal
pressure, respivatory rate, and cardiac vate, Evpbodiments of the data processing apparatus
are further configured fo acquire and process signals from the temperature sensor, such
signals reporting the core body temperature of the patient. Embodiments of the data
processing apparatos are further configured to acquire and process aunalyte signals from
the one or more analyte sensors, such signals reporting the level of one or more analytes
within the urinary tract.
{6040} In some embodiments of the systeny, the physiclogic 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
syraptoms. For example, embodirnents of the system may be used to meonttor clinical
parameters televant to kidney function or diabetes. In other embodiments of the method,
the physiclogie data from the sensors, the pressure sensor 1o particular, may be vsed to
menitor body raovement.
{043} Some embodiments of the system tnclude & flod-collecting receptacle to
collect urine drained from the bladder, and the receptacie may include a fhiid volume
measuring systent. In some of such embodiments, the fluid volorne measonng system 13
configured to deliver data from which a urine output rate may be determined.

Embodiments of the fluid volame measaring systems may include any of a weight-

PCT/US2014/044565
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sensiiive system, a fhid height sensing system, a mechanical mechanism, or an optically-
SeRsitve system,
{B842] Some embodiments of the fhud-collecting receptacie may inclade a chemical
analyte measuring systern to identify and/or quantitate analytes such as those summarized
3 for the Foley type catheter itself. More specifically, as exarople, analyte sensors may be
sensitive {o any one or more analytes selected from a group consisting of bacteria, blood,
hernoglobin, leukocyte esterase, glucose, and particulate matter,
{B943] Some embodiments of the fluid-collecting receptacie may include an RFID
chip for identification of the receptacle in communications with a data processing
19 apparatus, or for conveying sensed data to the data processing apparatus.
{8844] Some embodiments of the system may inchide a docking station to
accommodate the collecting receptacle, wherein the docking station and the collecting
receptacle are in electrical commumcation with each other. Communication between the
docking station and the collecting receptacie may occur by way of a data transmission
5 ine connecting the docking station to the console, or it raay occur by way of a wircless
CONUTRNBCAtion syster.
{6845} Sorae erabodiments of the systern may nclode a fhud infusion apparatus,
with the data processimg apparatus berng configured to countrol the activity of the fhud
infusion apparatos in respouse to physiologic data processed by the data processing
O appatratys.
{6846} 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 temperature-based data

and analyte-based data. In still further embodiments, delivery of pressure in combination

i

with light-based data to yicld tissue perfusion pressure values.

{56471 Embodiments of the method include providing 2 physiclogic data monitoring
system that inchades 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
wterface disposed at a distal end of the catheter, a pressore transducer at a proxumal end
3G of the catheter, and a wd columm disposed between the pressore wnterface and

pressure fransducer, the pressuce transducer betng able to transduce pressure pupinging
on it from the fluid colomm into physiclogical data comprising a chronological pressure
profife. The method may further melude inserting the Foley type catheter in the urinary

tract such that the pressure interface is residing within the patient’s bladder; transferring

(93]

pressure sensed in the bladder into a transducible chronological pressure profile; and

processing the chronological pressure profile into one or more physiclogic pressure

10
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profiles selected from the group consisting of peritoneal pressure, respiratory rate, and
cardiac tate,
{B848] Some embodirasuts of the roethod rochude tuning or prirming 2 level of
pressure beig applied from a proximal side of the pressure inderface of a Foley type

3 catheter toward equivalence with a bascline physiologic pressore being applied to a distal
side of the pressure mnterface. Tuning pressure refers generally to either inereasing or
decreasing pressure applied to the proximal side of the pressore interface. Proximal, in
this context, refers to the side of the pressure interface facing outward from the body
{within the communicating fhud colamn), and toward the main body of the catheter or an

19 operator handling the catheter. It one aspect, tuming the pressure level may refer to
prining the thyd column from the proximal end of the column, directing pressure toward
the distal end of the coluow. To another aspect, tuning the pressure level may refer to
-eleasing or blesding pressure from the proximal end of the column, as may be
appropriate, for exaraple, if pressure in the column overshoots a desired pressure level, or

5 if pressure from within the bladder were to decrease. Embodiraents of the method may
further inchude repeating the tuning step, as needed, to matntamn equivalence between the
fevel of pressare being applied from the proximal side of the pressore inderface and the

baschine physiologic pressore being applied to a distal side of the pressure wnterface,

{00491 Embodiments of the touing step of the method may mclude monitoring a
it physiologic pressure profile, and adjusting the pressuore 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 optinuzed. By way of example, the amplitade of
pressure waves associated with the respiratory rate may be monitored. A high amplitude

preasure profile may be considered optimal in that it is generally associated with

i

conditions of equivalence between bascline pressure on either side of the pressure
interface. In another aspect, a high amplitude pressure profide may be considered optimal
because, other factors being equal, 2 high applitude signal perrots a higher level of
resofution of real differcnces that may appear in signal level. To some embodiments, the

manitoring step may be performed agtomatically by the date processor, and the adpisting

3G step raay be performed by an automatic controlier 10 commurication with the data
ProCessor.
{BOSG] The desire to prime the catheter is driven, at least in part, by leakage of gas

from the fluxd cohimm, 1t has been observed, for example, that a Foley type catheter, pex

embodiments of the disciosed technology, that comprises a thin silicone membrane (e.g.,

(93]

a membrang with a thickness of 0.003 nch} leak about 2ee of air per hour when onder

15mm Hg of pressure.
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{BaSH] Some embodiraents of the method may include applying pressure to the

proximal side of the pressure nterface by delivenng gas under pressure a space proxiraal

é’.

to the pressure interface. Deltvering gas o the space proxial the pressure interface may

[}

be cousidered priming the space ot tuning the space 50 as to equilibrate ot substastially

5 equilibrate pressore on either side of the pressure interface. The source of the gas, per
embediments of the technology, may be a compressed gas cylder, or may be a pump
using atmospheric air or other Hoid. Any suitable biologically compatibie gas may be
used, inchiding, by way of example, air or carbon dioxide.
(M52 In some embodiments of the method, appropriate for those i which the

19 pressure interface includes a balloon formed from an inelastic membrane, the method
further includes priming the fhiid column from the proximal end of the catheter to
maintain the balloon at 2 size that places no substantial strain oo the nelastic membrane.
{6833 In some embodiments of the method, appropriate for those in which the
pressure interface inchades a balloon formed from an inelastic membrane having a total

5 surface area, the method further include inflating the balicon o a level such that the total
surface area of the mernbranc 1s spbstantially taut,
6054} Sorae ernbodiments of the method inclode sampling the pressure profile
irppinging on the frausdocer at 2 frequency of at feast 1 Hz, the roethod further
comprising guantifying respiratory excursions relative to a baseline maguitude of

it excursions proximate the time of catheter fusertion. These embodiments may particularly
inclade monitoring the relative amphitude of respiratory pressure wave excurstons, and
relating such relative amplitude to relative respiratory tidal volumes.
{6055} Some embodiments of the method include sampling the pressure profile

impinging on the transducer at a frequency of at least 5 Hz, the method further inchuding

i

quantifying peaks on the respiratory pressure wave that are associated with the cardiac
rate. In particular erobodiments of this type, against a background of a substantially stable
peritoneal pressure, the method may further include determining any of cardiac outpit,
relative cardiac output, respiratory fidal volume, or absolute cardiac stroke volwae.

R ERGY In some embadiments of the method, the one or more physiologic pressure
3G profiles yiclded by processing the chronological pressure profile may provide for
menitormg of body wmoveraent, Mounitoring body movement may be of particular benefit
for bed-ridden patients, for example, who bave a decubitis sleer, or are at nisk of
developing such an uleer when a portion of the body, such as a bony promnence, rests

too long in a pressured position without movement that would relieve such pressure.

(93]

Accordingly, monitoring body movement may include notifying a health care provider of

the level of movement of a patient who 18 at risk of developing a decubitis ulcer, or at risk
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of exacerbating an existing decubitis wlcer. Tn addition, monttoring of patient activity may
also affirnatively report the presence of movernent. In this case, a paticnt that 1s & fall ask
can be roonttoered for activity that may mdicate an attempt to nse from thew bed. This

may signal an alert and prevent thewr mobilily without assistance,

3 {BOST] In some embadiments of the method, wherein the Foley type catheter bas an
expandable pressure delivery balloon, a hight source and a Hght sensor proximate the
expandable pressure halioon (the hight sensor configured to capture light from the hght
souree) the method may forther include inflating the pressure delivery balloonto a
desired pressure, and monitoring the pressure within the expandable balloon to determine

19 the pressure level required to blanche the tissue, said blanching pressure being reflective
of a tissue perfusion pressure.
{6838 In some embodiments of the method, wherein the Foley type catheter has a
temperatre sensor, the method may turther include monitoring the body temperature of
the patient. In s3ome embodiments of the method, wherein the Foley type catheter further

5 comprises an analyte sensor, the method forther may further include meontioring a level of
the analyte within the urine of the patient.
j8859] Embodirnents of the disclosed technology inclade a maethod of mindug data
from pressure/acoustie signal. Such data may 1nctude vahies for parameters such as
intraabdominal pressure, heart rate and stroke volume/cardiac output, respiratory rate and

it tidal vohime, bowel activity, patient movernent detection, behavioral compliance
{peniodic movement and/or immobility ), seizure or shivering detection, cough frequency
and severity, speech detection, and sleep duration and siecp quality. Dehydration may
also be determined by monitoring respiratory rate, heart rate, blood pressure, temperature

etc. Internal bleeding may also be determined by detecting increases in infraabdominal

i

pressure. Blood vohume changes as low as Sce or lower may be able to be detected.
{Ba60] Embodiments of the disclosed technology can determine the effectiveness of
chest compressions during CPR or other lifesaving activities,

{B861} Embodiments of the disclosed technology may include product expiration
technologies so that the products are not used for too long a period or re-used if

3G disposable, For example, products may inclede a roechanical or electrical kill switch,
which may be based on time fraroe, tiroe frame from initial use, nurpber of pses ete,
Products may also be labeled with Radio-frequency identification {RFID} to prevent re-
use. In some erphodiments the controller reports and/or displays how long the catheter has

been in use.

(93]

{M02] Embeodiments of the disclosed technology may be configured for automation

of feedback to control another device. Such automated aspects may include ventilator
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settings based on intraabdominal pressure (JAP), 1V fluid infusion based on based on
{AP, pressure-based diagnostics, drug delivery Le., shivening prevention, paralytics, ete,,
teraperature control as may be apphied to fover prevention ot therapeutic hypotherma,
triggenng urine flow with mereased bladder pressure (which may be advantageous for
allowing for natoral downstream sweeping of bacteria and for reducing risk of infection),
base station alerts with centralized reporting and data collection and synchromzation with
mobile alerts, aud signal analysis and/or predictive algorithins to provide useful chinical
data from sensors.

{483} Embeodiments of the disclosed technology may be configured for sensing in
urine or on urinary tissucs such as the urethral mucosa. Sensing capabilities to be applied
to the urethral mwcosa may include pH, microdialysis, pyruvate, lactate, pO2, pCQ2,
perfusion ndex, near- infrared spectroscopy, laser Doppler flowmetry, urethral
capnography, and orthogonal polanization spectroscopy, temperatire, pulse oximetry,
perfusion pressure, defection and prevendion of infection, and detection of analytes that
are informative regarding health status of the patient such as (merely by way of exanple)
seecalertonin, lactoferring leukooyie estorase, specific gravity, pH, protemn, ghicose,
ketones, blood, leukocoyte esterase, nitrte, bilirabin, arobibinogen, ascorbic acid,

6064} Embodirnents of the disclosed technology include a deviee for sensing i the
bladder or urethra, wherein the device may sense any one or more of temperatuze,
acoustic detection of body sounds and sound transnission {such as those that may ocour
during speech, apnea, sleep apunea, respiratory wheeres/thonehs, pneomonia, asthina,
ARDS, cardiac tamponade, murmur), pulse oximetry, perfasion pressure,
electrocardiogram, clectromyogram, or pressure.

{6063} Various embodiments may be applied to any cavity or lumen (G, urinary,
gynccologic). Embodiments may further include implantable sensors (pre-peritoneal,
biadder wall, etc.} and free floating sensors (Gl tract, bladdey, etc.). Pressure sensors
inchuded within the scope of the disclosed technology may be of any conventional type,
such as those configured for air, fluid, or solid state transmission. Embodiments of the
technology may inchide a battery backup that allows travel with pationt. Embodiments
may mchude a controlier with #s own display and alexts,

{066} Exmbodinents of the disclosed techuology 1nclude ernbodiments where the
retention balloon is only shightly inflated in order to merease balloon sensitivity to small
changes in pressure. This may allow for finer measurements of micro parameters, such as
heart rate, relative stroke volume, relative cardiac output, respiratory rate, and relative

tidal volume,
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{B867} Embodiments of the disclosed technology tnclude a fully implantable device
or a device fully enclosed i a huminal site (teraporazy or long-term) and may be vsed to
ense any of the pararpeters disclosed above, and report these pararpeters externally to
provide dragnostic wformation to the healtheare provider. Implantable embodiments may

be enabled with pressure sensing capability as well as one or more analyte sensing
capabilitics, and further may be enabled with data processing capabilities to vield values
for various physiologic parameters, a3 has been deseribed herein, in the context of the
sensing Foley catheter embodiments.
{08} Implantable embodiments may employ a balloon positioned in the pre-
seritoneal space. The balloon may be in fluid communication with a pressure sensor
within the device and the pressure reported, intermittently or continuously, externally.
The implantable device may also be rechargeable and may report any parameters
mentioned herein. In pacticnlar, the inplantable device, or an external controller, may be
capable of exiracting information from the pressure signal fo give an indicator of
respiratory rate, cardiac rate and/or relative cardiac output or relative stroke volume. The
iroplantable device may be placed fully within the preperitoneal space or may be partually
or fully placed within the subcotancous space. The device may be recharged
transdermally, possibly m it preperitoneal site or via a tethered antenpa mmplanted closer
to the skin, The device may have ifs battery changed once every few years or may be
inductively powered or recharged by a custom belt that may be worn over the device for
alt or part of the day, The device may have therapeutic abilities and be able to perform
an action based on sensed parameters. In addition to calling help, the device may be able
to deliver a shock m response to changes in cardiac owtput, stroke volume, and/or heart
rate sensed by the device or deliver a drug in response to any changes in the sensed
parameters. The device may also commumicate with the patient through a receiver or
smart phone which may allow for antoratic uploading of data to a healtheare provides
The device can be toplanted anywhere in the body. To a preferred embodiment, for
optimal acoustic and pressure data, the device may be placed n the pre-peritoneal space
superior o the vmbilicns just below the xiphoid. This erobodiment rpay measure
respitatory wate, cardiac rate, relative cardiac output, relative stroke vobume, patient
activity level, or peristaltic activity and data processing by way of algorithios may be
applied to yield chinically applicable information. By applying the algorithms of this
present techuology (for example, by selectively filtening the noise, extracting frequencies,
or reporting certain frequencies as physiologic signals), each of these parameters may be

obtained from the peritoneal pressure signal.
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{6869] Other body sounds, such as bowel sounds, heart sounds, and respiratory
sounds roay alse be transmitted and detected in order to detect pathology related to
changes in these sounds (for exarple, bowel chstruction, preumonia, or decreased
cardrac output). I some embodiments, the device has adequate hoop strength to support
an acoustic/pressure sensing membrane to ensure that capsuiar contracture does not 0oL
i{n these embodiments the hoop may be constructed of nitinol to allow for its compression
mto a small delivery package. The prepentoneal space may be dissected vsing a bhunt
dissection tool at an angle to the peritoneal Hining and the device deployed into this space
by expansion mto a larger configuration. In some embodiments, this design may also
mclude a small catheter for accessing the peritoneal cavity to sense analytes within the
peritoneal fluid and/or deliver compounds to this space. Implantable embodiments may
ve used as long-teom iroplants monttoring chronie conditions {ie monitoning for fiuid on
the langs, cardiac output, otc. for congestive beart failure, monitoring heart rate and
respiratory rate for any condition that can cause acute decompensation, ctc.} while
aftowing the patient to rereain ambulatory. The implantable device may be positioned
close to any organ of 1nterest (e, over lower guadrands for roontforing of bowel sounds).
6076 Embodirnents of the disclosed technology inclade embodirnents where
temperatiuee 1 measored and tracked over Gme. Also, acceleration data may be recorded
and gsed to measure patient activity levels. Acceleration data may also be combined with
other data, such as pressure and acoustic data, fo more accorately identify events such as
coughs or sneezes and filter out external artifacts. In other embodiments, the deviee may
have offset electrodes to measure electrical cardiac activity. In other embodiments, the

device may also have a glucose sensor that can continuously track the patient’s blood

{0874 Embodiments of the disclosed technology inclide acoustic detection of body
souads and sound transraission through the use of a microphone and/or an acoustic signal
zenerator and/or other technologies disposed within the sensing catheter or ioplasnt.
Acoustic sound detection may alse allow for the detection of spesech, sleep apnea, sleep
stage characierization, resprratory wheezes/chonehy, prenmoria, asthing, acuie respiratory
distress, or other abnovpal respiratory sounds, mtestinal sounds, or cardiac sounds.
Acoustic seund detection may also be nsed to detect changes 1o heart sounds that may
cecur with progression or onset of an iliness (e the third heart sound) or changes in bowel
scunds that may indicate progression or onset of an illness (ie high pitched bowel sounds
with bowel obstruction in high nisk candidates).

{724 Embodiments of the disclosed technology mclude embodiments which are

able to detect indicators or markers of infection, such as, by way of example, urine
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nitrates, wrine pH, glucose, leukocyte esterase, ete. These markers may be confinuousiy or
wtermttently roonttored. In these ernbodiments, a change i such infection markers 1 the
wrine way be detected and reported to prompt further investigation of a potential weinary

tract nfection and/or removal or replacement of the catheter, A cathetor with this senging

3 capability rmay be able fo be left inplace for a longer duration for soroe patients, such as
those considered at risk but who have not yet shown signs of infection. A shorter
implantation period may be appropriate for patients who have already been diagnosed
with an mfection, in which case the catheter may be usefid] for monttoring resolution of an
mifection while the patient is being treated.

10 {0873] These embodiments allow mfections to be provented and/or treated early and
have the potential to allow optimal residence time for cach individual catheter versus the
refatively arbitrary recommendation o remave and replace all Foley catheters after 7 days
of dwell time. Urinary ract mfections may afso be rapidly detected and treated, thus
resulting in a shorter overall hospital stay for these patients. Sensors within the catheter or

5 within the collection reservoir raay also detect urine flow rate (catheter or reservoir
based}, bacteria presence, procaleitonin, lactoferrin, leukocyte esterase, specific gravity,
pH, protein, glucose, ketones, blood, levkocyte esterase, nitute, bilirubig, srobilinogen,
ascorbic acid. The pressure sensor may also allow for triggening of urine flow with
increased bladder pressare, which mitmies the natural flow of wrine and sweeps bactenia

it downstream {and may reduce infection). In this scenario, a valve may be incorporated
into the arime ootflow Hue that may be intermittently opened and closed based on bladder
pressure.

{6874} These embodiments may allow rinsing lavage of the bladder, so as to treat

infection or other msult or injury to the bladder. A lavage may serve, for example, to

i

cleanse the bladder inferior of bacteria or blood clots. Further, anti-infective agents may
be delivered through embodiments of the disclosed catheter,

{8675} A balloon or an jnfusion catheter that slowly mfuses fluid may also be use
to sense peritoneal or intraabdorainal or other pressure through placement 1o peritoneal
sttes other thaa the bladder, such as the vectarn or storach. Regardless of where the

3G sensing oceurs (bladder, rectum, stomach, etc.} or whether the pressure transmission
mediom 15 Bquid or air, the method of determining parameters such as respiratory rafe,
cardiae rate, relative cardiae output, relative stroke volume, patient activity level, or
peristaltic activity, data processing by way of algorithms may be applied to yield

clinically applicable information. By applying the algorithms of this present technology

(93]

{for example, by selectively filtering the noise, extracting frequencies, or reporting cerfain

frequencies as physiclogic signals), each of these parameters can be obtained from this
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peritoneal pressure signal. Gther body sounds, such as bowel sounds, heart sounds, and
respiratory sounds roay also be transmutted and deteeted 1n order to detect pathology
refated to chauges 1 these sounds {(for exarople, bowel obstruction, prewmonia, or
decreased cardiac output).
(D876} In some erpbodiments, noise filiering may have reguirements particolar
physiclogical pressure measurements, For example, noise in this sitvation may inchude
patient coughing, moving, or other types of noise not normally found in signal filtering
algorithms. Some embodiments may, for example, measure heart rate and then use this
rate to determine a physiological range for acceptable heart rate. If the heart rate is
measured beyond this range (either above or below it}, the coniroller may determine that
the signal i3 noisy and either ignore it, or apply noise filtering technology to the signal.
The same method may be applied to other, somewhat predictable, signals, such as
respiratory rate, respitatory pressure, AP, ete.
{8877} (rther signal filtering technigues may be used to distinguish between noise
and actual signal. For example, the respiratory frequency and the heart frequency signafs
are generally distinct fror each other. However, under certain circumstances, the
frequencies ruay overlap. To this sttuation other factors may need to be considered in the
pressure signal analysis algonithim, for exarpple signal arophitude.
{0878} Some embodiments of the disclosed system may be functionally directed to
the delivery of therapeutic hypothermia. In this clinical application, the catheter may be
equipped to measure bladder presswre, as above, measure urethral temperature, and be
able to drain vrine and add flid to the bladder. In this embodiment, the catheter may be
used to warm or cool the patient {mild to moderate hyperthermia or mild to moderate
hypothermia) via the mfusion of a warm or cold fluid as appropriate. In the generation of
mild to moderate hypothermia, the bladder may be evacuated then refilled to a set
pressure with an ice-cold medium (a cold fhnd, or a chitled shurry or slush) while the core
body temperature is montored. In this embodiment, an initial Al of the bladder with cold
medium may be sufficiont to generate the desired degree of hypothermia, or the
teraperature of the fhiid roay be tracked (o some ernbodiments, by way of a second
teraperature sensor 1 the bladder) and evacoated onee # vises above a set teraperature
{e.g., 15°C). If the desired patient temperature has not yet been reached, the bladder roay
then be refilled with the hauid/slurry and evacuated until the patient has achieved their
target temperature.
{791 In some embodiments, the therapentic hypothernia process 18 antomated by
the system, requiring only that a clinician insert a sensing Foley catheter embodiment,

and then connecting the catheter to the temperatare control system and/or any patient
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maonitor that the clinician desires. In some embodiments, the infused fhuid is a shash to
take advantage of the rouch greater watt extraction capahilities of shush tn comparison to a
cold fluid. In some embodunents, the sensing Foley catheter is able to sense oue or more
of the other parameters raentioned above (such as respiratory rate, ot oximetry} during

3 and followimg this therapy, The cold medium (shush and/or fhuidy may be used to induce
hypothermia, and the bladder may be evacuated onee the target temperature 18 reached.
As the body temperature rises, the slosh and/or fhuid may be mtroduced into the bladder
then evacuated, again, as the target temperature 18 reached. In this embodiment, the
resting state of the bladder is the evacuated state and it only contains chilled fhnd or ice

10 when the body is not within target temperature range. In some embodiments, the slush
may be formed on-demand n 2 manner that allows it to be carried into the ficld or
ambulance, and then created on-site, in order to freat trauma or injury as it occurs. This
on-demand aspect of the method embodiment may involve a pre-frozen block of ice that
is shaved or ground, or 2 compressed gas source that vents into the ligmd, thereby causing

5 a rapid drop i temperature. This corapressed gas embodiment may be used either to
generate a shish, ot to cool the medivn while allowing it to remain a ligoid,
6086 A sirailar technique roay be used with certain erobodiments to induce

hyperthermia with a warrs or hot ligad,

{6881} Variations of the embodiments described above for use in the bladder, may
it be reconfigured and/or resized for application in other luminal body sites such as the

stomach, esophagus, small infestine, large intestine or rectum. In some embodiments,
these data may be obtained through invasive access of the peritoneal cavity, cerebrospinal
space or pleural space, ideally m instances where accessing these spaces is already

performed for another purpose.

i

{paaz} Some embodiments of the device may mcorporate mechanisms to keep the
urine lmmen, or other lumen, clear of blockages in order to mamtain an empty, flaceid
biadder and avoid false positive IAP measurements. These blockages may be caused by
airfocks 1n the drainage tube or by coystals, blood clots, or other physical blockages. Any
of the embodiments to keep the line clear as described 1 Buenett PCT/US2813/060003,
3G heretn meorporated by reference, would be suitable. In one embodimaent, this is
accomplished with active line clearing, such as a bellows to provide negative pressure ot
a pump to clear obstructions. This embodiment allows for clearing of both atriocks and
physical blockages. In another embodiment, the hne clearg is passive, and may be

accomplished with vents that allow air to escape the drainage line mstead of formng

(93]

atrlocks. In yet another embodiment, the [AP measurements from the present device may
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be combined with urine cutput racasurements obtained with the Burpett device, in any
manner they have disclosed.

{DAR3} Some embodiments of the disclosed techaclogy may comprise methods of
pressure macasvrement 1o other anatormc locations and/or cornbined with existing medical
devices. In one embodunent, the pressure-sensing system of the present tnvention may be
used with ascites shunds in order to ensure that the shunt 1s draining and has not become
cbstructed. In ancther embodiment, the pressure-sensing system may be vsed with
dialysis catheters. In another embodiment, the system may be used with insubn debivery
catheters. Generally, the system may be used with any shunting, mfusing, or other simifar
applications where fluid blockage may be of a concern and a pressure measurement
would help identify whether a blockage has occurred.

084} Embodiments of the disclosed technology may integrate with, or link to other
medical systern, including an Electronic Health Record (EHR), Electronic Medical
Record (EMR), clinical trial software, research software, medical moniioring systems,
EKG systems, infusion systems, drug delivery systems, heart rate monitor sysiems, body
vital sign monitoring systems, respieatory rate systers, eic. For exarople, pressure data
cotlected from any of the crabodiments discussed beremm may be maported o, or
integrated with an EMR so that a physician bas a full picture of a patient. Any other data
collected and/or analyzed by the disclosed embodiments can be used in a simtlar way. For
example, 2 user may analyze clinical trial data which has been integrated with a controller
incorporated into one of the disclosed embodiments. The user may view individual
paticnt data to determine if there s any data to support abnormal heart rate, abdoniinal
pressure, unine flow ete. Integration with an EHR may be done via a standard web
browser using html and frames/windows/window areas, or XML or using any other
appropriate standard or technology.

{B685] Data from disclosed embodiments, either alone, or in conjunction with data
from integrated systems, may be stored, tracked and/or mined. The disclosed systems
may “learn” from the stored data in such a way to provide recommendations on treatment
or diagnoses, Systems may be networked so that data froro more than oge patient can be
aggregated and used for this purpose. For example, erobodiments of the disclosed
technology may analyze data from roudtiple pationts who have an elevated respiration
rate, an elevated heart rate, and/or increased intraabdominal pressure. By analyzing data
from these patients in conjunction with data from the EHR, embodiments of the disclosed
technology may be able to determine that patients with this data profile, are more likely to
have a particalar disease and may therefor recommend a blood test, or may amtomatically

serform a urine analyte test.
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mere other measured parameters raay be an indication of infection. Addibonal fests, ot an
wiusion, reay be recommended or performed on the patient avtomatically or with usex
confirmation,

{paR7y Data roay also be tracked to deterrmine the time until obstruction and/or
mnfection for one patient, or across multiple patients,

{BO8S] Embodiments of the techuelogy inchide a sterile to nou-sterile attachment
between the catheter device and the pressore transducer. Sinee the catheter may be stenile
and disposable and the pressure transducer may not be sterile nor disposable, it s
important to be able to connect the two components without increasing the risk of
mifection to the patient. Filter paper, such as 0.2 micron {filter paper, or other suitable
material, may cover the portion of the catheter where the pressure fransducer connects to
the catheter.

{688Y] Embodiments of the technology may inchude a pressure sensor and logic to
manage the balloon 1nflation of the retention balloon in addition to the pressure ballooun.
Ta sorne ersbodiments the retention balloon can serve as both a retention balloon and a
pressure balloon, this may be particidarly applicable when only TAP 5 being measured. In
other erobodiments, the retention balloon can sense pressure and the ogic of the
controller can detect when the pressure of the retention balloon falls outside expected
ranges, and may alert the user in some way, soch as an alarm, For example, if the catheter
is tugged, or the patient tries to remove i, the pressure mn the retention balloon will
increase. This increase in pressure could be programmed to sound an alarm. In another
example, a technician may attempt to inflate the retention balloon before the catheter tip
is fully placed within the bladder. In this case, if the retention balloon were nflated in the
urethra, the pressure would be higher than normal and an alarm or other alest could result.
Acceptable retertion balloon pressure ranges may be determined by iracking retention
balloon pressures across several patients to determine the normal range of pressures.
Pressures outside of this range may be programed to send/sound as alert, or o
autornatically reduce the balloon pressure,

{BOS] Pressure seusing can also be vsed i etther the refention balloon or pressure
balloon to detect bladder spasms. A sadden, or repeated, change 1u pressure could be an
mndication of bladder spasm. The controller may be programmed to send an alert, or to
change the pressure of the balloon when an apparent bladder spasm is ocourring,

{91 Embodiments of the technology may inclade acoustic sensing to determine
the size and/or volume of the bladder. This technology may be usefisl in determining the

atr in the biadder, or the Gastric Residual Volame {GRV). Bladder size may be measared
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by creating and sensing acoustic waves and determining the tirne between wave emission
and wave sensing after the wave has bounced off of the bladder wall. This measorement
may be performed at one or more than one location within the bladder,

{pa9} Ancther method of measui’ing bladder volume includes reasuning the
teraperature change within the bladder using an embodiment of the present invention aftex
mtrodoction of & cool or warm floid. The time 1 takes to warm ot cool the fluid i the
bladder s related to the bladder volume,

{3993} Embodiments of the techaology may include seif cleaning technologies. For
example, a Foley catheter system may be automatically flushed with saline. A Foley
catheter may also be purged by using natural bladder pressure, or by various
pumping/pressure nmechanisms disclosed herein.

{8894 Embodiments of the technology may inchide the ability to detect deficient
connections within the systera. For example, mechanical sensors may detect integrity of
the connections between any components of the system. Alternatively, connection

integrity may be sensed through small pressure changes, or other pressure sensors.

j6095] Embodimnents of the technology may nchide altemative matenials for the
Foley catheter system, For example, the catheter shaft, or part of the cathoter shaft, may

inclade an outer, mner of erabedded braid or other more rigid material to provent the
catheter from kinking. For example, the pressure lomen may have a more rigid tuner
surface, such as a polymer, braid ete. The added rigidity may also increase the sensitivity
of pressure measurements through the humen.

{6096] Embodiments of the technology include an implantable sensor for vital sign
monitoring, as particularly suitable for a patient in battlefield or transport setting, prior to
being secured into a hospital setting.

{B897} Embodiments of the techoology include a free-floating transmitting bladder
embodiment. Embodiments of the technology include 2 free-floating transmitting stormach
embodiment. Embodiments of the technology include an ingestible, self-destracting
capsule. Embodiments of the technology include vagina, stomach, intestine, esophagns,
OF a TeCiurn sensor.

{D89§] Ermbodiments of the techuology inchide a catheter for sensmg physiclogical

L]

data from a wrinary tract of a patient CODPrisINg 3 PIESSBIE SCRECY COMPTisiBg 2 Pressure
mterface disposed at a distal end of the catheter, a first pressure fransducer at a proximal
end of the catheter, and a first fhud colomn dizposed between the pressure mterface and
the first pressure transducer, a seeond pressure transducer at the proximal end of the
catheter and a second fluid column disposed between the pressure interface and the

second pressure transducer, wherein, when the catheter 1s inserted into the urinary tract
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and the distal end s residing in the bladdery, the first pressure transducer can fransduce
pressure impioging on it from the pressure interface 1oto a fst chrouological pressure
profile, and the second pressure transducer can transduce pressure impiaging on it from
the pressore interface into a second chronciogical pressure profile.
3 {3899} Ermbodiments inchide a catheter where the fiest fluid columa and the second

flurd column are separate fluid columms for the length of the catheter,
{B169] Embodiments inchide a catheter where the first fluid column and the second
fluid column are separate fluid cohumms for part of the length of the catheter, and the
same fhud column for part of the length of the catheter.

10 {0101} Embodiments inchide a catheter where the first fhuid column and the second

fhisid column are the same fhuid column for the length of the catheter

j¢183} Embodinents include a catheter where the pressure inferface comprises a
balloon.
{0183] Embodiments include a catheter where at least one fluid columm is in

13 commumication with a physical filter.

BRIEF DESCRIPTION OF THE DRAWINGS
{di84] Fig. 1 shows a data console in communication with a urine-collecting

receptacle docking station, per an embodiment of the sensing Foley catheter system.

{¢185] Fig. 2 shows an erabodiment of the sensing Foley catheter system set up to
29 measure urine onfput from a human subject.
{8186} Fig. 3 shows an erabodiment of the sensing Foley catheter system set up as an

automated infusion therapy systera for a human subject.
8187y Fig. 4 shows a volome-sensing urine collecting receptacle that may include
an RFID chip, the receptacle accommodated within a receptacle docking station, per an

embodiment of the sensing Foley catheter system.

N2
Ln

{0188} Fig. 5A shows a sensing Foley catheter with a pressure tuterface in the form
of an inflatable balloon, per an embodiment of the sensing Foley catheter system.
{0169} Fig, 5B shows a sensing Foley catheter a pressure mterface in the formofa
membrane arranged across a luminal opening, per an embodiment of the sensing Foley

30 catheter system.
R B Figs. 6A — 61 show various views and details of 2 sensing Foley catheter, per
an embodiment of the sensing Foley catheter system.

{B1iE} 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,

L4
L

and a portion that restdes 1o the bladder, when placed nto & human subject.
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{B1iz} Fig. 6B shows a detailed view of the proximal portion of the catheter.
(P13} Fig. 6C shows a cross sectional view of the central length of the catheter.
{#114] Fig. 6D shows a detatled view of the distal portion of the catheter that vesides

wn the bladder.

3 {BLi5] Fig. 7A shows an exarnple of respiratory rate sensing data frorn a human
subject, as provided by an embodiment of the sensing Foley catheter system. During this
test pertod, 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.

19 {116} Fig. 78 shows a detailed portion of the respiratory profile of Fig. 74, a
portion of the period of normal respiration.

{8137} Fig. # shows an example of cardiac rate and relative cardiac output sensing
data from a hwoan subject, as provided by an embodiment of the sensing Foley catheter
system, and an EKG trace as measured simultancously and mdependently.

5 {0138} Fig. ¥ shows data related to relative cardiac output sensing in a buman feg
raising exercise in which cardiac output increases, as demonstrated by an pereased
aroplitude of the cardiac pulse.

{8139} Fig. 10 shows an example of peritoneal sensing data, with 2 focss on

respiratory rate from a pig, as provided by an embodiment of the sensing Foley catheter
it systern.

{0124} Fig. 11 shows an example of pig study that demoustrates the capability of an

embodiment of the sensing Foley catheter system to detect intra-abdominal hypertension.

{6123} Fig. 12 shows intraabdominal pressure, respiratory wave pressure, and

cardiac pressure schematically arrayed as a two dimensional plot of pressure {mm Hg on

i

a logarithmic scale vs. frequency (Hz).
{61221 Fig. 13 provides a flow diagram of an embodiment of the method.
{B123} Fig. 14 shows pressure signals at different lumen diameters.

{6124] Fig. 15 shows an embodiment for clearing the drainage linc that uses a
vacuum apphed to the end of the drainage bue,

30 {B123} Figs. 16A-168 show an embodiment of a clearing mechanism coraprising 2
device for positive airfiow near the start of the deainage line.

{B126} Fig. 17 shows a clearing mechanism comprising an apparatus for astomated

massaging, or squeering, of the dramage line.

{127 Fig. 18 shows another embodiment of the pmching or rolling stimmlus, in
5 which the lumens are compressed sequentially by rollers.
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{B128} Fig. 19 shows another embodiment coraprising mukltiple Tumens organized
circumierentially around a stiff member that the pinching or volling mechamsm rotates
arcund.

{Br29} Fig. 20 shows an alternative embodiment in which the fursens are organized
such that they can only be coropletely compressed when pached in a cortain direction,
{3134 Fig. 21 shows a graph of the pressure profile, pressure (mmHg) over ime
{seconds} in the dram tube while the pertstaltic roller pump is activated.

(P13} Fig. 22 1s a table comparing TAP measurements psing a standard drainage bue
and TAP sensor with the present invention in combination with a pressure-sensing Foley
catheter under air lock and siphon effects.

{0132} Figs. 23A and 238 show another embodiment of the disclosed technology

which aflows for a smaller profile catheter, parficularky in the area of the pressure balioon.

{8133 Fig. 24 shows an embodirnent of a preperiioneal sensing implant,
{8134 Figs. 25A and 258 show graphs representing pressure balloon priming

methods in some embodiments.

[6135) Fig. 26A-C show flow charts of possible logie i varicus ersbodiments of the
mvention,
{8136} Figs, 27A and 278 show an erobodiment of the invention which tncludes a

fiber-optic pressure sensor.

{6137 Fig. 28 shows an embodiment of the mvention with more than ong pressore
hymien.

{0138} Fig. 29 shows another embodiment of the invention.

{0139} Fig. 30 shows another embodiment of the invention.

{01407 Fig. 31 shows an embodiment of the mvention without a retention batloon.
{BI41} Fig. 32 1s a block diagram of a data processing system, which may be used

with anry embodiments of the imvention.

DETAILED DESCRIPTION OF THE DISCLOSURE
18142} Figs. i — 4 show various elernents of the disclosed technology, rochuding a
urine receptacie 60 (holding a urine cutput 61}, a docking station 65 to hold the
receptacle, an electrical comnection 67 that allows commumnication 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 seusors
62, as well as other analyte sensors. Receptacle 60 may also include an RFID element that

provides a uingue identifier to a remote RFID reader 68, In some embodiments, an

[Nl
hn
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extender fube 63 may be utilized to convey urine from the catheter to the wrine-coliecting
receptacle,

{B143] Fig. 1 shows a data vecetving and processing apparatus i the formofa
bedside cousole 80 in commumcation with a receptacle docking station 65 that
accommaodates a urine collecting receptacie 60, shown as holding a urine qutput 61, per
an embodiment of the sensing Foley catheter system. The commumication path between
the docking station and the console mway inclade a wired connection 67, as shown, or it
may be a wireless connection. The bedside console may record and display output/input
data. Physiclogic data from sensors associated with a sensing Foley catheter may be heid
m a memory, displayed, printed, or directly transmitted to a centralized data cofiection
Server.

{0144} In some embodiments, the bedside console or controller is portable and able
to teavel with the patient. Embodiments of console may be attachable to a patient’s bed or
an [V pole, or a wall mount; it typically has its own display, and is able to provide critical
aferts. Some embodiments of console may be adapted o be able to operate on a battery
backep for 4 or more hours, as for exaraple when wall power 18 unavadable or has been
{ost. This portability feature of console 5 advantageous 1 situations wheee pationts are
typically not being electronically monttored, such as when a patient I8 i traosyt fom his
ot her bed to another focation. Embodiments of console may also be configured o
commuricate fo 4 base station with alerts and centralized reporting and data collection. A
controller or base station may alse generate mobile alerts that may be sent to murses or
healthcare provider. Signal analysis and/or predictive algorithms may also be used to
provide useful clinical data from sensors.

{6145} Fig. 2 shows clements of an embodiment of the sensing Foley catheter system
configured to measure urine output from a human sabject. In some embodiments, the
bedside console 80 or an RFID reader (sec Fig. 5) is enabled to trigger an alert if urine
output is above or befow a preset normal or desired range for urine onfput over a set
period of ime. Some embodiments of the system may alse have an intravenous infusion
capability (see Fig. 3} to provide usc sensed data to regulate delivery of flmds or
medicinal agents such a3 a diretic drug, by way of an autoroated system based on the
urine oudpet feedback. Embodiments of the system may include a docking station for the
wrine collecting receptacle, the docking station bemg configured for data transmission to a
data receiving and processing apparatus such as a bedside console or & networked central
computer. in some entbodiments, the docking station delivers data regarding the volume
of urine in the urine receptacle, as well as data that are mformative regarding electrical

parameters of the urine, such as conductivity, resistance, or impedance. Sensors may also

PCT/US2014/044565
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detect and raonitor bacteria, hernoglobin, or other substances of clinical significance in
uring. Sensors may also measure urine opacity w the collecting receptacie, in the bladder
or i the catheter/tabing,

(D146} Fig. 3 shows an embodiment of the seusig Foley catheter system configured
as ant agtorated wfusion therapy system for a burnan subject. A bedside console 80 raay
mntegrate patient data, such as flurds received or wrine outpot recorded, and then aotomate
therapeutic infusion in response to these data, For example, delivery of fluids or drag
schitions such as a physiological sahine solution may be mitiated or regulated through an
mifusion hine 82 if the patient is dehydrated, or a diuretic may be mfused if the patient is
fhnid overloaded. In some embodiments, the console 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 flud infusion
capability, such as an [V infusion pump, and may adjust infusion rates based on these
data or based on data acquired from other seasors automatically. The console may
commumnicate wirelessly, as well, to these and other sensors within the body.

{8147} Fig. 4 shows a volome-sensing urine receptacke 60 accommodated within a
receptacie docking station 65, per an ervbodiment of the sensing Foley catheter system,
Erabodiments of the receptacle may detect wrine owtput based on the levels at which
sensors 62 are triggered. For example, the receptacle may electrical contacts arranged as
higquid height-marks, and when an electrical path s made between two contacts and all
contacts helow, the {evel can be reported at that level. Embodiments of the receptacle may
include clectnical, optical, chemical or mechanical sensors. Embodiments of the
receptacie may include also contaim diffisse or discrete sensing areas that detect analyies
of imterest, e.g., hemoglobin, protein, glucose, bacteria, blood, leakocyte esterase. Sensing
or data reporting of sensed data may be of exther an intermitient or a continuous vature.
{B148} Embodiments of the receptacie may mciude a capabibity to report sensing
data to the bedside console, locally {e.g., by beeping) or centrally via piping data to 2
central mforraation collection area. For exaraple, an alert roay be triggered if urine ontput

drops below 38 co/he, 1 post-operative sefting ot below any otherwise predetermined

threshold, Embodiments of the receptacle may connect to a docking station through

electrical contacts; data comununication among embodimentds of the receptacie, docking
station, and a console or central computer may aisc be wireless, If a docking station s
used, it may detect prine output based on weight or pressure of the receptacie that is
applied o base.

{149 Embodiments of the urine collecting receptacie may include disposable or

durable optical, electrical or chemical sensors capable of sensing and measuring wrine

[N
~d
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content of analytes such as glucose, clectrolytes, bacteria, hemogiobin, or blood.
Embodiments of the receptacie may include an interface with specifically designed area
of the arine receptacie to allow for this measarement, such as an optically clear window
for optical yoeasurement of blood. Erabodiments of the receptacte docking station may

3 also grasp or aceormmedate the urine receptacle 1 any manner so long as it secures the
receptacie. The docking station or the receptacle may melude an mductive antenna or
RFID capabilities to aliow for wireless querying and reporting of the level of urine or
other fluid collection.
{0150} The embodiment of Fig. 4 also shows a volume-sensing urine receptacle 60

19 that inchudes an RFID chip, per an embodiment of the sensing Foley catheter system. This
embodiment may contain RFID circaitry to collect and transmit data directly from within
the receptacie to a remote RFID reader 68, When queried by the RFID reader, the

receptaclie may detect irapedance, resistance, capacitance or any other electrical or non-

efectrical property to measure the urine level and report this back to the reader. The reader

5 may then trigger alert if urine output is ont of 2 normal or desirable range. The RFID chip
may be capable of detecting changes 1o optical, chemical, electrical, acoustic or
mechanical propertics, as well. REFID chips may be active or passive, and may contaia an
antenna to ransmut a receptacie-identifying signal to the reader, and allow mwlaple
receptacies to be gueried sirnultanecusly. An active RFID chip may incorporate a small

it battery {to extend its range). A passive RFID chip may be powered by the transnussion
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 umit,
floor or hospital and issue an alert if urine output 1s out of a normal or desirable range.

The RFID reader record urine output, as well, and functionally replace the individual unit

i

console shown in Figs. T — 3. The RFID reader may also report data from other sensors

within the systern, including bladder temperature or presence of analytes (as detailed

elsewhere} i the urine.

{BISH] Figs. 5A — 6D show embodinents of a sensing Foley catheter 10 and various

of its features. A catheter may be understood to have various sections according to theix

3G disposition when the catheter is mserted into a buman subject, such as a proxiraal portion
14 that reraains external 1o the subject, a contral or wrethra-residing portion 13, and a

distal or urinary bladder-residing portion 12,

{B152} Varions internal farmens traverse the length of the catheter, such as an air or

fluid 24 that commumicates with a bladder retention balioon 36, A urine drainage lnmen

(93]

23 has a distal opening 41 that resides i 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
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drainage lamen may be connected to ap extender tube 63 that conveys theurime to a

collecting receptacie, In some embodumends, the dratnage furoen and distal opening 1 the
bladder may also serve as tn mfusion condurt (see Fig. 3) by which reedicinel agents may
be wnfused, or through which heating or cocling fluid may be infused, Analvie sensors or

3 teraperature sensors S0 may be disposed on the catheter, either oun the wretheal portion 10
of the bladder-residing portion 12 of the catheter. Electrical or optical fiber leads may be
disposed int a humen 25 that allows commumication of sensing signals between distally
disposed sensors and the proximal portion of the catheter, and then further
commmication to a data processing apparatus.

19 {4153} An inflatable pressure-sensing balloon 38 (Figs. 6A, 7TA, and 7Bl or a
pressure sensing membrane 39 (Fig. 7B) amranged across an opening may be positioned
on the distal end 12 of the catheter, residing i the bladder. Embodiments of a pressure-
sensing balioon or pressure sensing membrane may be understood as comprising a
pressure interface having a distal-facing surface exposed to pressure frors within the

5 bladder, and a proximal-facing surface exposed to a proximal fluid coluron. Embodirents
of the fluid colomu (Hlled with etther lquid or gas) may comprise a dedicated lamen, or
such colums may share a faroen that also serves a3 a sensiog conduit such as humen 23,
{8154} Fig. 54 shows a sensing Foley catheter that mchudes a pressure interface in
the form of pressure-sensing balloon, per an embodiment of the presently disclosed

O system. Pressure-based physiologic parameters that this catheter embodiment can sense
may melade, by way of example, peritoneal pressure, respiratory rate, and cardiac rate,
relative pubmonary tidal volume profile, cardiac output, relative cardiac output, and
absolute cardiac stroke volame. Some embodiments of the Foley type catheter may be

further equipped with any of a temperature sensor, one or more analyte sensors,

7

i

electrodes, and paired light scurces and sensors. Embodiments thus further equipped are
capable of delivering other forms of physiologic data, as for example, blood pressure,
oxygen satiwation, pulse oximetry, EK(, and capillary 1 pressure.

(BI85} Fig. 5B shows a sensing Foley catheter with a lnmen (the third tumen, for
example) used as a pressure seusing furnen,; this ernbodiment does not wehide a dedicated
3G pressure-sensing balloon as does the erobodiment of Fig. 5A, but instead has a2 pressure
wterface i the forrn of 2 mersbrane amanged over a distal opening of the pressure
sensing lumen. In this embodiment, the sensing Foley catheter 1s able to detect and report
pressure-based physiologic data as included in the embodiment deseribed above. In this

present embodiment, a stow mfusion of fluid into the bladder may be accomplished

(93]

through the third lumen of a standard 3-way Foley catheter, and pressure may be sense

using a pressure sensor in line with this third lumen. In this embodiment, all methods

2
)
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associated with processing and responding o pressure-based physiologic data, as
described for embodiments with 2 pressure-sensing balloon, are enabled.

{3156} Figs. 6A — 6D show various views and details of a sensing Foley catheter, per
an embodiment of the seosing Foley catheter systern. Fig, 6A schematically amranges the
sensing Foley catheter into a proximal section 14 that remains external to the body when

i use, a portion 13 that resides in the urethra, and a distal portion 12 that resides in the
bladder, when placed mto @ homan 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 fength 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
the bladder, with a particular focus on a retention balloon 36 and a pressure-sensing
balloon 38,

{8187 Pulse oximetry elements alow for a determination of blood oxygen
concentration or saturation, and may be disposed anywhere along the urethral leagth of
the catheter. In sone ernbodiments, the sensor ot sensors are disposed within the tebing
of the device to eosure approximation to the wrethral roucosa. With this technology, a
healthcare provider can decorapress the bladder with a urinary catheter and obtain pulse
oximetry data i1 a repeatable and accorate manuer. The power source for pulse oximetry
may be incorporated within the urinary collecting receptacie or within the catheter itseif.
In some embodiments, the pulse oximeter is reusable and the catheter interface 18
disposable; in this arrangement the pulse oximeter is reversibly attached to the disposable
catheter and removed when oxygen measurements are no longer desired. Embodiments of
the sensing Foley catheter may include an optically transparent, or sufficiently
transparent, channel for the oximetry signal, such as a fiber-optic cable, tfransparent
window, and an interface for the reusable oximeter. This methed and device for urethral
pulse oximetry may be used in conjunction with any of the other embodiments detatled
herein or may be a stand-alone device.

{BIS8] Exmbodinents of the sensing Foley catheter may be able to sense any one or
mere of a plorality of chineally relevant parameters, such as included in the following
cxamples: vrine pH, wnine oxygen contont, unne nifrate content, respiratory rate, heart
rate, perfusion pressure of the bladder wall or the wretheal wall, temperature nside the
bladder or the vrethra, electro-cardiography via sensors on the bladder wall or the
urethra, respiratory vohume, respiratory pressure, perifoneal pressure, urine ghucose, blood
glhicose via urethral mucosa and/or bladder mucosa, urine proteins, urine hemoglobin,

blood pressure. in some embodiments, the catheter can sense multiple parameters, but

30
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some crobodiments may be limited fo as few as a single parameter for focused

%

applications {for example, respiratory tate i a patient v respiratory distress). Th

respiratory ate, relative tdal volume, perttoncal pressure, heart rate and/or welative

cardiae output may be maeasvred stmultancously, as well, by connecting a balloon with a
3 flaccid wall or seroi-tense wall to an external pressure sensor via a lumen that roay be

filled with ligoid and/or gas.

{3159} These parameters may be measured, alone or in concert with other

parameters, through the use of pressore measorement mndalitics other than the external

pressure sensor, These may include: a deflecting membrane inside of the catheter, MEMSs

19 technology, a catheter-based sensor and/or other embodiments.
{Miad] Relative cardiac output and relative tidal volame may also be caleulated,

based on the deflection of the pressure sensor and/or other force gauge. I sampled with
sufficicnt frequency {e.g., | Hz or greater), respiratory excursions can be quantified in a
relative manner o the ampliude of the excursions at the tirae of catheter placement.

5 Larger excursions generally relate to heavier breathing, or in the setting of an upward
drift 1o the basebine, a igher peritoneal pressure. The sruall peaks on the oscillating
respiratory wave, caused by the pumping heatt, yoay be tracked as well by using faster
sarapling rates {e.g., § Hz or greater), and the arpplitude of this wave maay be used, in the
setting of a relatively constant peritoneal pressure, to determinge the relative cardiac

it output, in the setting of & known, stable peritoneal pressore, absohite stroke volome
and/or cardiac output.

{6161} The disclosed technology captures a high-resolation chronological profile
{pressure as a function of time) of peritoneal pressure that can be transduced and

processed into distinet pressure profiles assignable to particular physiologie sources,

i

inchading peritoncal pressure, respiratory rate, and cardiac rate. By tracking the pressure
profile at a sufficiently rapid samphing rate, as provided by the technology, the pressure
profile can be further resolved juto relative pulmonary tidal volume, cardiac output,
relative cardiac output, and absolute cardiac stroke vofume.

(P16} Accordingly, aspects of the disclosed technology relate to fidelity and

3G esolution of a pressure signal generated 1 response o changes in pressure within the
bladder, sach changes being reflective of a pressure profile within the pertoneal cavity,
suich pressare profile mehuding commdative fnput from the aforementioned physiclogic
sourees. Aspects of the techuology further relate to fidelity and resolotion of the

tranaduction of the pressure signal into a highly resolvable electrical signal. Aspects of

(93]

the technology refate still further to processing the totality of the clectrical signal profile,
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a surrogate for the pressure profile within the peritoneal cavity, into component profiles
that can be assigned to the physiologic sources.
(P13} The sensitivity of an inflated balloon as a pressure sensor s a function,
part, of the pressure differential across the balloon mernbrane as a baseline condition. The
3 balloon has the greatest sensitivity (o pressure when the baseline pressare differcatial s
near zero, As the baseline pressure differential increases, the sensitivity of the pressure-
sensing balloon degrades. Accordingly, the disclosed techuology provides an automatic
prinnng method that maintains the balloon in an milated state, but with & minimal
pressure differential.

19 {104} Embeodiments of the technology include a pressure interface as may be
represented by a balloon having cither a compliant membrane or a non-compliant
merbrane. 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
setween stress and strain as described by Hooke, and by application of Young's modulus.

5 The conditions for optunal sensitivity of a comphiant balloon and a non-compliant balloon
are shghtly different, although, 1 general, the seasitivity of each s best served by P1 and
P2 being approxumately equal. A noun-compliant balloon reaximur sensitivity s achieved
when Pl s only shghily above P2. For a comphiant balloon, the maximam sensitivity i3
achieved when P1 is slightly above P2 at the low end of the (hnear) elastic region of the

O spring constant of the compliant balloon material.

{0165} To effectively capture physiclogie pressure profiles, 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 mformed by the Nyquist-Shannon sampling theorem, which

states that a sampling frequency of at least 2B samples/second is required to resolve an

i

event that runs af a frequency of B cycles/second. As applied to a physiologic pressure
cycle, for example, a cardiac rate of 76 beats/minute requires a sampling rate of at least

1440 samples/minute to effectively capture the cycle. This relationship underlies aspects of

@

the disclosed technology that specity the sarapling rate particularly required to capture

physiologic pressore cycles such as relative pulmonary tidal volume, cardiac cutpat,

3G relative cardiac cutput, and absolute cardiac stroke volame.
{B1es6] Fig. 12 shows intraabdorninal pressure, resplratory wave presspre, and

cardiae pressure schematically arrayed as a two dimensional plot of pressare {mim Hg on
a logarithmic scale vs. frequency (Hz). It can be seen that there is an inverse relationsbip

between pressure and frequency, and the various physiologic pressurc-related parameters

(93]

cccupy distinet sectors when arrayed in this manner. It 1s by the distinctness of these

profiles that embodiments of the method (see Fig. 14), as disclosed herein, can resolve a
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single overalf chronological pressure profile into the distinet subprofiles, in accordance
with thewr physiologic origin.

{B1e7] Expandable pressore sensing balloons, per embodunents of the technology,
may assume one of at least two basic fors, type | or type 2. In balloon embodiments of
type 1, which may be generally lkened to a conventional party balloog, the pressure-
sensing balloon 18 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 featores of
the balloon. as a whole, at different levels of expansion. Upon expansion, the balloon, if
umconstrained, 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 volime to its maximal volume, the membrane of the balloon
maintains a level of tantness, Within the limits of clasticity of the compliant membrane,
an tocrease in pressure during inflation resulis in 2 consequent expansion of volume. The
balloon, on the whole may be considered partially comphant 1o that its shape responds 1o
spatial constrainds that it roay eocounter upon expansion or wflation, bowever the balloon
does have a preferred ov native shape, and such shape preference prevents a level of shape
compliance or conformability such as that shown by a balloon of type 2.

{0168} Int balloon embodiments of type 2, the expandable pressore-seunsing balloon s
formed from or includes 2 non-compliant, or non-elastic membrane, or a membrane that
is substantially non-comphant or non-clastic. 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®
bafloon. The inclasticity of the membrane determunes various features of the balloon, as a
whole, at different Jevels of expansion. Upon expansion of the balloon from a minimal
volume to a level near ifs 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 i the membrane. Deflation or compressionof a
type 2 balloon occurs by way of generally inwardly divected wrinkling and wfolding,
When a type 2 balloon is fully mflated (or substantially inflated) withouot being ina
confining space, it assuroes a preferred or native shape as deterrnined by the geometry of
the membrane or fabric of the balloon. However, 1n a state of partial mfation, the
balloon, as a whole, 1s highly supple and conformable, broadly taking the shape as may be
dictated by a confining space.

{iaY] Expandable pressure sensing balloons, per embodiments of the technology,

may also mclude features of both of the two basic forms, type 1 or type 2. In these
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embodimnents, the membrane may include regions that ace clastic (like type 1} and regions
that are melastic (Bke type 2}, A balloon of this hybeid type would, as 4 whole, behave in
a manner drawing from behavioral aspects of both type 1 and type 2 balloous, as
desceribed above. Forther, type | balloons way be formed with a membrane thatis not of a
3 homogeneoas composition or thickness. In such embedients, regions of different
thickness or composition counld have varying degrees of elasticity, thus affecting the
behavior of these regions during expansion of the halloon. 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 fends 1o disallow elasticity i one or more other directions.
19 {31768 An aspect of the disclosed technology that is particularly advantageous in
achieving a high resolution signal from which pressure profiles from particular
physiclogic sources (such as peritoneal pressure, respiratory rate, and cardiac rate,
relative pulmonary tidal volame, cardiac output, refative cardiac output, and absofute
cardiac stroke volume) may be monitored relates to adjusting and mainézining a balance
5 of pressure on erther side of the pressure interface represented by the membrane of the
sressure sensing balloon. This balance of pressure may be referred to as a pressure
differential of zero, or as a zero pressure gange, Prossure tmpioging on the external face
of balleon (facing the nternal aspect of the bladder) 1s subject to change according to the
physiology of the patient. Pressare on the internal face of the balloon (which s in flnid
O communication with the fluid colarm) is sabject to degradation because of fluid leakage
and imperfect seals.
{6173} Upon first insertion of the Foley type catheter, external pressure is typically
applied to the fluid column and agawnst the pressure interface to a first approximation of

pressure being exerted on the pressure mterface from within the bladder. Pressure signals,

i

measured across a pressure interface, have a maximal amphitude when the pressure

“

a
differential is zero. Accordingly, the araplitude of a pressure signal can be used to tune

the pressure being applied from the fhuid column against the pressure interface. This

process of applying an approprate amount of pressure against the interface roay be
reforred to as privaing the fhad coluran or priming the ballcon, Inasmuch ag pressores on
3G either side of the pressure interface raay change, as described above, the fluid colian
may need & be reprimed or re-tuned, from time to time. The necessity of repriming can
be monitored by testing small changes in pressure so as (o achieve maximal amplitude of

a pressure signal profile.

{1724 Embodiments of the disclosed system and method include amtomatic pressure
5 tuning by a controller. Accordingly, the tuning system can detect the optimum target

pressure and volume to inflate the balloon by monitoring sensed pressure signals and
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adding or removing air or fluid volume as needed. For example, upon insertion of the
catheter, a pressure tuping civeuit that regulates the balloon volume and pressure raay
wflate the balloon wntd it detects a physiclogic-sourced pressure rate. Upon sensing that
rate, the pressure tuning controlier may add or sabiract mingte amownts of aw ina
rogtinized sequence unti the arpplitude of the sensed wave is greatest. The control
feedback loop between the optimally tuned pressare (inantfesting as baloon pressure and
volume) and the sensed physiclogic pressure profile tterates contimously and or as
needed fo ensure high fidelity measorement of the physiologic data. In some
embodiments, automatic pressure tuning may be performed in the apparent background
while the physiologic data is being transmitted and displayed; in other embodiments the
system may suspend transmiission of physiologic data during a pressure tuning sequence.
{8173 Embodiments of the disclosed technology include a gas delivery system that
can deliver gas i a priming operation, whereby pressure can be applied to a fluid column
proximal 1o the proximal-facing aspect of the pressure mferface. A source of gas, such as
compressed air or liguid is held in a storage tank, Using CO» as an example, COh is
controllably released from the storage tank through a pressure 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 velief 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 2.3 psi in the event of failure of the upstream regulator. CO»
exiting the pressure relief valve next passes through a first solenoid-controtled fill valve
to cuter the catheter line, ultimately filling the balloon that comprises the pressurc-scosing
interface. Pressure within the balloon s allowed to rise to a fevel as high as 30mm Hg,
whereupon the first solenotd-controlled valve closes. A second solenoid-controlied valve,
distal to the fiest valve operates as a deain valve, which can release pressure from the
catheter to a target pressore, 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 medulation (PWM), which allows a dramn rate
sufficiently slow that the target pressure is reached and the valve can be closed prior to
overshoot. Altemnatively, a peristaltic or other air pump may be utilized to fill the balloon
with room air.
{6174} Intrabdominal pressure or bladder pressure, as sensed by an embodiment of
the disclosed technology, may also be used o detect the level of patient movement {as

may vary, for example, between substantially no movement 1o a high tevel of movement)

J

and to report the movement level o a healtheare provider. A short burst of peaks and
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valleys i bladder pressure activity can serve as 2 proxy for body sovement in that such a
bladder pressure profile is 2 strong wdicator that the patient s using their abdorninal
muscles, as, for example, to sit up or get out of bed. This erabodiment roay be of
particular benefit for pationts that are at usk of falhing. In a patient that s 2 fallrisk, a
healtheare provider roay be notified that the patient is sitting vp and respond accordingly.
Alternatively, the deviee may be vsed to report inactivity of a patient and/or lack of
patient movement.

{B175] Embodiments of the techuology 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 altematively, a pressure
SENsor, acousiic sensor or other sensors may be used to detect bowel activity, including
peristalsis, patient movement, seizure activity, patient shivering, frequency of coughing,
severity of coughing, sleep duration, sleep quality, speech detection, paticnt compliance
{movement or lack thereof}, and may alert the healthcare provider that the patient has not
moved and roust be furped or rolled. This movement-related wformation may also be
refayed to a hypothermia device, a drug delivery device or other device to control or
mitigate setzure activity, shivering and/or coughing.

{6176} Embodiments of the technology may also automatically adpust intravenous
floid or drug infusion rates based on feedback from the cardiac output or respiratory rate
sensed. fn one such embodiment, a patient-controlled analgesia 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 amtomated feedback system may also be
advantageous i a large volume resuscitation procedure, wherein fhid mfusion can be
tailored based on intraabdominal pressure to prevent abdominal compartiment syadrome
by sounding an alert and slowing rofusion rates as the wtraabdominal pressure rises. Yet
another avtomated feedback feature may provide divect feedback to a ventilator system to
provide the optimal pressure of ventilated gas. In the setfing of increased abdominal
pressure, typical ventilator settings do not provide sufficient respiration for the patient.
An autoraated adjustment of the ventilator settings based on intraabdormnal pressure
feedback from this erpbodiment may advantageousty provide for optimal patient
ventifation. Bmbodiments of the technology may also be applied as a correction in the
application or onderstanding of other diagnostic measarements. For example, central
venous pressure may be dramatically distorted in the setting of elevated intraabdominal
pressure. Froviding direct access to these data by the central venous pressure reporting

system allows for the automatic correction and accurate reporting of this critical
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physiologic parameter, Embodiments of the technology may also be used 1 a variety of
other ways to automate therapy nchuding infusion of fluids that roay further wclude
active agents, such as pressors or dinretics 1o response to mereased or decreased cardiac
cuiput.

B771 In some embodiments, the Foley type catheter 1s configured to report the
presence of a water droplet or other obstruction in an air-filled tumen, and then handle or
resclve 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-transimission fumen in some
embodiments of the disclosed technology may include a hydrophilic featare {(such as a
coating on the wall of the lumen itself, or a hydrophilic fiber rumning the length of the
fumen) fo wick moisture away from the fumen n order to maintain a continuous,
uvninterrupted air channel. In some embodiments, a hygroscopic composition (silica gel,
for example) mmay be used in line with the air infiasion Hine or within the air infusion
humen wtself to capture water ov hurmdity. In some embodinaents, a hygroscopie
composition raay be included within the catheter so that the aw infuston circuit need not
be serviced to replace this material,

{0178} In some embodiments of the disclosed technology, atr may also be
intermittently {and automatically} infused and extracted into the pressore-sensing balloon
so that the balloon is i a constant state of being optimally primed, as described in forther
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 nstance of a liguid-filled fumen, a hydrophilic fiber or a hydrophilic coating on the
nside of the pressure lumen will provide similar benefit 1o allowing this lumen to handle
an air bubble. In this mstance, an air bubble may distort the signal, but the air water
interface surface tension is defused by a hiydrophilic coating in the lumen of the catheter.
{81791 Additionally, a custom extrusion and luraen shape may also be used to
provent obstroction 1o the case of liquid and/or are-filled lumens. Jo some embodiments of
the technology, for example, a Foley type catheter may have a luroen that is stellate in
cross sectional profile. Such a lumen s generally tmmpee from obstraction 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 awy
channel to remain patent around the water droplet and communicate to the sensor. The
same logic applics to an air bubble m water in a hydrophific, stellate water lumen. In this

masiance the hydrophilic Liguid will cling to the walls and aliow for a continuous water

(]
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column that excludes the air bubble to the center of the lumen. The same apphes fora
hydrophobic ligmd in a hydeophobic tumen. In some embodiments, the catheter may
wnciude an air channel, and a sensor incorporated within the catheter itself or a flnd
ipmen that is capable of transmitting the pressore back to a sensor,
R In sorne embodiments, the sensing Foley catheter may inchide a blood
pressure sensing element that may take any of several forms. In one embodiment, a biood
pressure sensing element ineloades a pressure delivery batloon 32 (either a separate,
dedicated balloon or a balloon in flud communication with a device retention balloon or
a pressure sensing balioon) that can be optically analyzed as it is inflated o determine at
which pressure the vessels within the bladder or arethra are blanched and blood flow
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 embodiroent of a perfusion pressure device may be used to
provide early defection or raonitoring of a variety of acute or emergent medical
conditions such as sepsis, shock, hemorrhage, and can be particularty advantageons n
detecting these conditions at an early stage. In predicting sepsis, embodirnents of the
imvention may be capable of receiving white blood cell count wformation to better predict
sepsis,
{0181} Uther modalities may be used to detect that the tissue has been blanched or
ischemie, as well, with the common methodelogical aspect being that of the mtermittent
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
detect perfusion pressure i other areas of the body with an intermittently inflatable
member and optical detection of blood flow or the presence of blood.
{d1az} 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 1s in place. These sensing technologies may include microdialysis, pyruvate,
factate, pO2, pCO2, pH, perfusion index, near-infrared spectroscopy, laser Doppler

flowmetry, vrethral capnography, and s)rthogona}, polarization spectroscopy. Any of these

tests may also be performed on the arine or the bladder wall iseif to generate
measurements of tissue perfusion.

{8183} 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.

{0184} Fig. 7A shows an example of respiratory rate sensing data from a human

subject, as provided by an embodinent of the sensing Foley catheter system. During this
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test period, the subject performs a respiratory sequence as follows: (1) breath being held
at the end of an expiration, (2} valsalva, (3) novmal respivation, {4) valsalva, and (§)
breath being beld at the end of an expiration. Fig. 7B shows a detadled portion of the
respiratory profile of Fig. 74, a portion of the penod of normal respiration.

{BI85] Fig. 8 shows an example of cardiac tate and relative cardiac output sensing
data from a human sabject, as provided by an embodiment of the sensing Foley catheter
system, and an EKG trace as measored simultanecusly and independently.

{3186} Fig. 9 shows data related to relative cardiac output sensing in a homan leg
raising exercise in which cardiac output increases, as demonstrated by an increase
amplitude of the cardiac palse.

{0187} The data shown i Figs. 10 and 11 were derived from stadics done with
Yorkshire pigs under ITACUC-approved protocols. Fig. 10 shows an example of peritoneal
sensing data, with a focus on respiratory rate from 2 pig, as provided by an embodiment
of the sensing Foley catheter system. Fig. |1 shows an example of pig study that
demoustrates the capabiity of an embodiment of the sensing Foley catheter system to
detect intra-~abdormaal hypertension, In this study, the peritoneal cavity was accessed
with a Soun Tenamian trocar. The trocar was then attached o a 5L bag of Lactated
Ringers solution via a peristaltic purop, and the solution was infused at a rate of aboor [ L.
per minvte. Fhid flow was discontinued once a pressure of about 20 mmHg was obtained
after which there was no uet fluid flow in or owt of the cavity.

{0188} Fig. 13 provides a flow diagram of an embodiment of the method of
monitoring pressure as it oceurs dynamically 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 1s generated and transmitic
proximally through a fhaid coluran. More proximally, a pressure transducer converts the
high fidelity pressure wave into a high fidelity clectnical signal that 1s informative of
pressure frequency and amplitude. The generated high fidelity electrical signal ts then
processed to vield data subsets that are reflective of components within the overall
pressure profile, such subsets being attributable to particular physiologic sources, such as
peritoncal pressure, respilratory rate, cardiac ate, relative cardiac output, and patient
metion oF activity,

(D189} Embodiments of the disclosed technology melade a device utilizing a very
small fumen for atr transmission. Fig. 14 shows the pressure seusitivity using air
channels with various lumen inner diameters. The readmgs using inner lumen diameters

of 3 mim (1402, 1 mm (1404), and 0.5 mm (1406) are shown. Note that httle degradation
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of the signal was seen when the atr lumen diameter was decreased from 3mm o fmm and
(.S,

{BIsd] This data indicates the appropriateness of using the embodiment of the

prossure fransduction system 1o a srpall dlarpeter pediatric catheter down to a size as small

3 as 4F, Due to the lack of requieement for structaral toutegaity that is found with the
retention balloons {dae {o their higher pressuare), the pressure lumen can easily be
accommodated even in a 4F or 6F catheter that is typically provided without a retention
halloon due to size constramts. In this embodiment, as well, the tip of the catheter can be
iower profile than the rest of the Foley to allow for a consistently small diameter even

19 with addition of the pressure sensing balloon. Thus, the catheter of the present invention

is uniguely suited to the pediatric mdication where there is a dire need for more

appropriate, less invasive monioring methods. In another embodiment, the retention

balioon itself can be used a

“

the pressure balloon, n order to minimize the nwaber of
requited lamens. In one embodiment, the retenfion balloon is used m s fully mflated

5 state, and is only used to track macro frends in [AP. In another embodiment, the retention
balloon is ondy slightly wflated i ovder to merease balloon sensitivity to smali changes
pressure. This embodirnent allows for finer measurernents of micro pararseters, such as
heart rate, relative stroke volume, relative cardiac output, respiratory rate, and relative
tidal volume. A smaller pressure lomen also allows for more space iu a larger catheter for

O other techuologies, such as sensors ete,
{0191} A smaller pressure tumen also allows the tip of the catheter to be lower
profile than the rest of the Foley type catheter to allow for a consistently small diameter
even with addition of the pressure sensing balloon.

{6192} Embodiments of the disclosed technology may mclude embodiments which

i

use the retention balloon itself as the pressure seasing balloon. This mintmizes the
mumber of required lumens allowing the overall outside diameter of the Foley type
catheter to be smaller. For example, the retention balloon can be used i its fully roflated
state, and used primaridy to track macro frends in AP,

#3193} Embodiments of the disclosed techuology may inchide embodirasnts in

30 which the pressure sensor s 3 raechamcal pressure sensor, such as those vsing fiberoptic,
strain gage, magnetic, resonant, and/or other suitable technologies.

{3194} One embodiment of the sensing Foley catheter systemn also includes an
agtomated dramage hne-clearing device. The dratnage bne is the tube that connects the

Foley catheter to the drainage bag. Fig. 135 shows an embodiment for clearing the

(93]

drainage hine that uses a vacuum applied to the end of the drainage line. The vacunm,

tranamitied through the dramage line 112 and then the Foley catheter to the bladder of the
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pationt, facilitates better draining than if the vacuum were not in place. Tn one aspect, the

vacum s oreated by a bellows 111 attached to the urine collection device or receptacie §.
The bellows 111 1s expanded in its natoral state, but is corapressed before the vrine
catheter 1s juserted mto the patiend. Ouce the catheter i3 i place, the bellows 111 18
released, and the restoring force creates a negative pressuee 1o the urine collection device.
{n another embodiment, the restoring force may also be created by a spring within the
bellows 111, In another aspect, the vacount 1s ereated by 2 pump. The pump may be any
suifable pump, including but not limited to diaphragm pumips, peristaltic pumps, or vane
purnps. The pump may be powered by a wall outlet, battery, human power, or any other
suttable source. In another aspect, the vacuum is in the range of 0 to -50 mmHg.

{}I95] Figs. 16A-168, show an embodiment of the clearing mechanism comprising
a device for positive airflow 113 near the start of the drainage line 112, Said positive
arrflow facilitates draimage by forcing urine o flow through the draimage line. In one
aspect, shown in Fig. 164, the positive airflow device coraprises a one-way valve 115 at
the end of the urne catheter that allows uane to only flow toward the urine collection
device, and prevents aw from entering the catheter. Tn ancther aspect, the positive anflow
device comprises a diaphragrn 116 attached to the start of the drainage hine. Said positive
arrflow device also comprises a one-way valve 117 that allows air o enter the drainage
hne but prevents air or wrine from exdting and a one way valve 115 that allows air to enter
the diaphragm but prevents air from exiting. Therefore, as the diaphragm 1161
compressed, it forces air fo flow through the drainage Hine 112, When compression is
relieved, the diaphragm 116 expands into ifs natural state and new air is introduced
through one-way valve 118, Said one-way valves 117 and 118 could be any suitable
valves, including but not lmited to umbrella valves and duckbill valves. In another
aspect, shown in Fig. 168, the diaphragm 121 is not located at the start of the drainage
fine 112, but is connected to the start of said drainage line thmugh a faraen 123 or tube
that runs from the start of the draipage line to the diaphragm 121, The diaphragm 121 also
comprises a one-way valve 127 that allows air to enter the drainage line but prevents air
of urine froro exiting and a one way valve 125 that allows air to enter the diaphragm but
provents air from exiting. To yet another aspect {not showa), the positive awrflow device
comprises a puimp, The pump may be any suitable porop, including bt vot bmed to 3
diaphragm purp, perstaltic pump, or vane pump. The pump may be powered by a wall
cutlet, battery, human power, or any other spifable source. In yet another aspect, the
sositive airflow device comprises a syringe attached to 5 the drainage tube. The syringe
may attach to the dramage tbe with a luer lock, septum valve, or any other suitable

mterface.
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{B196} In another embodiment, the clearing mechanisin comprises a coating on the
wside of the dratpage fube to reduce surface tension and facilitate drainage. In one aspect,
said coating 15 a hydrophobic polymer, tncluding bot not liuited to PTFE or FEP.

{BI971 In vet ancther embodirnent, the clearmg roechanism comprises a tubular
hydrophobic vent flter (not shown) that can be 1nserted into the drainage humen of the
device such that air will be evacuated throughout its length. A segmental hydrophobice
vent can also be incorporated at set intervals to ensure that air is evacuated from the tube
as it passes these regions. While others have attenipted {o prevent air locks with a
hydrophobic vent filter at the interface of the Foley catheter and drainage tube, this
approach still resalts in air locks regudarly if the vent 1s not at the zenith of the dranage
tube and pointed dowmward (such that the drainage tube end of the vent is below the
Foley catheter side). Tn the preferred design the hydrophobic vert will be interspaced at
minimum of -2 foot intervals to prevent submersion of the vents in urine (2 problem that
found with the currently-used urinary catheter which is vented only atf the Foley adapter).
By providing redundancy the present invention prevents the failure of the vent due to
subraersion since all of the ntermittent vents would have o be sgbmerged which is not
possible, based on cur bench top tests with a redundant loop. B the ideal configuration
the vent will be a PTFE or ¢PTFE matenal and will be affixed with a batb and or
grommetted nfo the tube at ntervals to allow for easy manufacturability. In an alternative
erbodiment, the vent takes the form of a shit or spiral that runs the length of the dramage

tube, thereby allowing air to escape the fube at any poiut. This prevents the dramage tube
from being positionally dependent when preventing and/or eliminating airlocks. Fig. 35A
shows an example of a drainage tube with a slit vent 272, and Fig. 398 shows an example
of a drainage tube with a spiral vent 273,

{B198} In an altemative embodiment, air locks are prevented by means of an
extendable drainage tube {not shown), which prevents pockets of air from forming n the
high portions of the tube and udine from gathering in the low portions. An extendable tube
prevents this from occumring by keeping the tmbe as straight as possible between the
urinary catheter and the collection bag. In one aspect, the extendable drainage tube is
composed of mulbple telescopic sections that can be extended or coblapsed & match the
distance from the patient to the collection bag. Tu another aspect, the deainage tobe s
pleated to form an accordion, which can be extended or collapsed as necessary. Ju yet
another aspect, the tube is cotled. In yet another aspect, the drainage tobe is retractable by
means of a spring coil that wraps the twbing around a wheel to achieve the appropriate

iength.
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{5199] In another erabodiment, the clearing mechanism comprises 2 fube with an
wner diameter less than .25 mnches as the drainage tube {not showa), soch that vo aw
pockets are able to move up the length of the tube. This is possible due to the surface
tension within the sroatler tubes, which prevent movernent of fluid when one end of the

3 tubie is closed to atrmosphere (as o the case of the bladder). Thus, the drainage tube
abways rematns full of wrine, and for each volume of urine produced the same volume of
urine must exit the drainage tube, as urine s icompressible. In another embediment, the
mnner diameter is less than 0,125 inches. In another aspect, said drainage tube acis as a
siphon and provides a small, safe amount of vacuam to the bladder.

16 {02680] The use of amall-diameter tubing also results in a smaller volume of residual
urine in the dramage tube compared with the prior art. Having a smpaller residual volume
is prefercutial, as it allows urine to move more guickly from the patient’s bladder to the
cotiection vessel, The speed of this transport is ioportant in order to take rocasurements
of the urine that has been produced more recently. This is particularty ioportant for

5 patients with Jow rates of urine production, as it takes their urine even longer to be
transported from the bladder 1o the collection vessel. For exarople, for a patient producing
only 18 ml/br of urine with a standard dratnage tube (around 40 ml residual volume),
measgrernents of theie arine in the collection vessel will lag true urine production by 4
hours, By contrast, with smaller tubing (such as tubing having around 5 mi residual

it vohurae), measurements will only lag true production by 30 minates.

{6281} In another embodiment, shown in Fig. 17, the clearing mechanisim comprises
an apparatus for automated massaging, or squeezing, of the drainage fine 112, In one
aspect, the sgueezing apparatus comprises a peristaltic pump 129, Said peristaltic pump

129 also provides slight vacuum to the bladder, which helps to facilitate drainage as

i

described herein. I another aspect, the squeezing mechanism comprises a shider-crank
mechanisro attached to a rotary raotor, In another aspect, the squeezing mechanism
comprises & solenoid. In another aspect, the cleaning mechanism further comprises one-
way valves on either side of the sgucering mechanisma to force none and air to only flow
down the tube and farther provide vacuum to the bladder,

3G {8242} In another erabodiment, air locks are removed through gse of a pulsatile
mechanical, vibratory acoustie, thermal, or electromagnetic stirouhus that results in
movement of the drainage tubing and/or the Hoid withun, This vibration, in combination
with the pressure gradient driving the urine preferentially from the patient to the urine

drainage bag, allows the urine to move forward in small increments until the resistance of

(93]

the air lock has been overcome. At this point, a siphon is created and normal drainage can

resume. The pulsatile stimoulus is effective due to the hysteresis involved in the flow of
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the urine in the presence of a pressure gradient. Sowall movements of the urine due to
pergy pulses will have a vet effect of moving the wrine away from the patiert. To one
aspect using pulsatile encrgy, a vibratory stimulus i3 employed. The vibratory stimulas
described can be created using a com vibration motor, eceendnic ruotor, or other stinilar
3 Yeans,
{B243] As an alternative to the vibratory stimmulus, the dramage tube may be pinched
of rolled internuttently, which has a sinnlar net effect of moving the wine away from the
patient due to hysteresis. This pinching or rolling may be achieved using a peristaltic-iike
mechanisn, slider-crank mechanism, or other similar means. An alternative approach
19 would be to use a pneumatic or hydranlic pump to cycle compression and decompression,
iike a sphygomonanometer, on different sections of the tube to mimic manual milking of
the tube. This approach ts distinct from the awtoroated massaging or squeezing described
above, m that only a shight pulse of stimulus is required. The pulsatide approach, then, can
avoid generating vacuum in the biadder, which may adversely affect bladder tissue. The
5 vibratory or pinching stimulus may be placed near the paticnt, near the drainage tabe, or
anywhere in between.
{0284} I another aspect using pulsatile encegy, an acoustic stirashis is employed.
The acoustic stimoius may be of a sebsomc fregoency designed to agitate the fluid bot not
the patient (due to the stmolus being below the range of hearing). The stimolus may also
it be 1n the sonie range or even in the supersonic range to achieve higher energy delivery. In
5 the acoustic embodiment, the pressure waves will be transmitted down the fluid colin
generating the same hysteresis effect.
{6285} In another aspect using pulsatile energy, an clectromagnetic stimulus is

employed. The electromagnetic stinmlus may be a cuff or other device external to the

i

draimage tube that creates pulses of clectromagnetic energy. This energy has an effect on
the salts in the urine, offectively agitating it shightly toward the drainage bag. The
principies underlving this method are that of an clectromagnetic pump, which s used in
other applications. The clectrornagnetic approach takes advantage of the same hysteresis

effect as the other approaches, and has the same effect of removing air focks by agitating

3G the wrine toward the drainage back until a siphon effect 18 achieved.
HRAEY] In another aspect using pulsatile energy, a thermal stimulus is craployed. The

thermal stirmalos may be used to rapidly heat and cool a smal portion of the drainage
tubing, thereby expanding and contracting the urine or air within. In the expansion phase,

the leading edge of the urine or air preferentially expands toward the dramage bag, due to

(93]

the pressure gradient. Similarly, in the contraction phase, the tailing edge of the urine or

atr moves toward the drainage bag. The thermal stimulus thus takes advantage of the
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same hysteresis effect as the other approaches. Rapid heating of the urine or air can be

achioved with a heating coil, chemical reaction, or other similar rocans, while rapid

cocling of the urine or air can be achieved with a Peltier cocler, cherpical reaction, gas
expansion, of other simtlar meaus.

5 {3287} In another erubodiment the mechanical, acoustic, electromagnetic, thermal,
vibratory or pmching stinnddus may be continuous, scheduled, or sensor-based. n the
continuons embodiment, the stirmuls 18 always on. In the scheduled embodiment, the
stirmlus repeats iself after a given time peniod, such as, bot not limited to, every |
mamte, S minutes, 10 numtes, 30 minutes, or 1 hour. In the sensor-based embodiment,

19 the mechanical, acoustic, electromagnetic, thermal, vibratory or pinching stimulus is
applied whenever an air lock is suspected or detected based on urme output and sensed
pressures. This detection can be accomplished 10 a variety of ways, including, but not
fnited fo, a flow sensor, an optical sensor that distinguishes between urine and air, or an
in-line oxygen sensor, Furthermore, each of these embodiments could be expected to

5 interfere with pressure measuremends in the sarople collection vessel described below and
will preferably be perforrued tmraediately affer 5 a siphon activation to allow for
mimization of the nisk of roissing a vessel eraptying ot interfering with a specifie

gravity racasurement,

{0288} Fig. 18 shows another embodiment of the pinching or rolling stimalus, the
it himens are compressed sequentiaily by rollers 131 such that they are never all

3

compressed at the same time. This feature serves to prevent all lomens from becoming
obstructed, a scenario that could cause urine o back up in the patient’s bladder and lead
to detrimental conditions. Having multipie lumens that are only compressed one at a time

also helps reduce the amount of negative pressure that is apphied to the bladder wall. This

i

prevents trauma to the soft tissues. In one aspect, the Jumens lay side-by-side 1 a strip
fashion, and the pinching or rolling mechanisms are offset such that they can only
compress one lumen af a time.

{62697 Preferably, an entire deam tube will be cleared with one roll; at 2 minimurm,
one half of a deain tube height should be cleared, givern a maxtroum awr fock height,

3G Advantageously, these rollers can handle ligh viscostty wrine. The rollers comprise cam
profiles that may be roond or oval—which can provide varying pressure for clearing
clots. Shounld a blood clot obstruction occur at a Foley catheter inlet hole, the rollers can
be used fo temporarily reverse the flow of urine to dislodge the clot, or (as previously

described) intentional vibration of the fluid columm can be used to distodge the clot. The

(93]

rofler position can be selectively conirolled so as to avoid “parking” on mbes. This

ensures that flow is completely unobstructed from the bladder to the drainage bag,
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Controlling the parked location can be accomplished with any suitable means, inchading,
but ot trotted to a stepper motor, current sensing of the motor {current will drop when
the rollers are not corppressing the tubes), a Hmit switch, an encoder, magpetic
positioning, detection of a change in tube diameter as i 13 compressed, and/or pressure
sensers on the lomen or roller. However, 1o certain tnstances, parking the rollers on the
tubing may be beneficial for selectively hmiting the flow if it is too high for the chamber
to handie, particularly when first intobating the bladder. In these instances, zelective
condrol of the roller position will be used to ensuare one of the tubes 1s conmpressed. The
roflers can be activated manually, using a timed means, or automatically triggered if,
based on the number or urine drips in a chamber, no vrine output 1s detected for a
specified number of minutes. Suction trauma to the soft tissues 1s prevented by sefting the
rofler speed is sef so that is occurs slowly enocugh to remain quasi-static. I the event 5 of
an air lock with an empty bladder, for example, in one embodiment the roller would pull
gentle suction on one tube, but the suction transmitted o the bladder would be fomited by
the ability of fhaid to move from one tube to the other by virtue of their bemng joined at the
sroximal end of the tube where i copuects to the Foley catheter,

{8234 Fig. 19 shows another embodiment comprising wmultiple lomens 143
organized circurnferentially avound a stff member 141 that the pinching or rolling
mechanism 143 rotates around, thereby compressing one humen at a time and avoiding
complete obstroction of all tumens, Fig. 20 shows an alternative embodiment in whick the
himens 145 are organized such that they can only be completely compressed when
pinched in a certain direction 147, or 148, A plurality of rolling or pinching mechanisms
are used to compress the tube sequentially from nmitiple directions, and each mechanism
can only compress those fumens that are designed to be compressed in that direction. Fig.
26 illustrates an exaraple of lamen geometries that are only fully compressed ina
preferential direction. In the non2@ preferential direction, the lumens cannot be
completely compressed. In this exaraple, lumens 147 will be compressed with the
dhustrated proching force, while lumers 148 will not. Ahernatively, a single rolling or
pinching mechamsm rotates around the tube to compress it sequentially from roudtiple
directions. In another embodinaent of the sequential pinching or rolling stivmulus, the
pottion of the tube that s pinched or rolled s only a small portion of the entire drajnage
tube, sach that the geometry of the rest of the drainage tube is not limited to the
geometries required to facilitate sequential compression of the tumens. In another
embodiment of the peristaltic pumps used for massaging, squeezing, or pulsing, the pump

is a finger-style peristaltic pump that uses linear motion to stimulate the drainage tubing.
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{B211} In another embodiment, a pressure sensing fumen may be incorporated mio
the tubing to allow for measurement of pressure within the dratn tube, Foley catheter or
bladder uself. This pressore measurernent can be used to control the porp or Hne cleaning
mechanisma to allow for effective air lock removal without the generation of negative

3 pressure and suction trauma w the bladder. This device roay also be ased 1 combination
with a pressure sensing Foley catheter. This combination will aliow for the effective
measurement of true bladder pressure and activation of the pump to ensure that the sensed
bladder pressure is fruly a resolf of wira-abdominal hypertension and not the result of a
confounding air lock.

19 {232} The sensing balloon of the Foley can also be incorporated proximally into the
Foley catheter or be attached to the drainage tube in order to nunimize the intravesical
profile of the device. The sensing fumen could aiso be another lumern in the tube that
conducts the pressure through the lnmen o the pressure sensor and rolfer pump. In the
absence of an air lock, the pressure seen i flnid commumication with the inside of the

5 bladder is actually a vacuum. In order to provide an accurate measurement of bladder
pressure in the setting of a siphon effect {Le. with a vented Foley deain system ov in the
absence of any air loek) the poroping mechamsm can actually be doven backwards uptii it
has offset the siphon effect. There will still be no net moveroent of flod in this scepario
and the pump action will be mcreased until further inereases do not generate an increase

it in sensed pressure. At this powt the true bladder pressore can be read aud the flow from
the bladder can be allowed to resuine.

{6213} Fig. 21 shows a graph of the pressure profile, pressure (mmHg) 149 over time
{scconds) 151 in the dram tube while the peristaltic roller pump s activated. The graph

shows an airlock being formed and pressure butlding 153, vacoum generated m dramage

i

tbe/Foley catheter by penstaliic action of pump and detected by pressure sensor 155,
ehmination of awlock with the pump parked on one tube 157, and arlock climinated with
the pump parked on none of the tubes 159, No matter how the vacuum is generated
{(peristaltic pump, integrated gear pump, ctc.) the bladder is at risk of suction trauma. This
suction rauma can canse roucosal irritation and bleeding and can ncrease the usk of

3G bladder wfection. Monttoring the pressure and activating/deactivating pump operation
based on the sensed pressure mitigates this risk and allows for effective line clearance
without exposing the bladder to excessive vacoum. In addition, in the event that a siphon
effect is generated, purposefully occloding one of the cutflow tubes can decrease the

overall vacuum generated within the bladder. Temporarily reversing the action of the

(93]

purnp can offset the siphon and provide a true bladder pressure
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{B234 Fig. 22 1s a table comparing IAP measureraents using a standard drainage boe

and IAP sensor with the present tnvention in combination with a pressure-sensing Foley
catheter under air lock 161 and siphon 163 effects. A sheep bladder was used to compare
prossute racasvrements between standard draimage technologies and the present mveniion.
In the presence of an aw fock, traditional technologies to measuare TAP report false
positive values, whereas the Accoryn device shows greater accuracy. In the absence of an
air lock, but in the presence of a siphon {(due to a full drainage wbe), the traditional
technology reports accorate valoes 1f used internmttently, with a valve in place to
teniporarify block flow from the bladder to the drainage tabe. The present device also
reports accurate values in the presence of a siphon. However, when used continaously
without a valve, the traditional technology severely underreports the true pressure.
Without air Jock prevention and elimination, TAP canoot be accurately and reliably
measured. In addition, respiratory rate, tidal volume, heart rate, cardiac ountput and stroke
volume readings froro the bladder may be diminished and/or corrupted due to the floating
baseline of pressure within the bladder,

j8215] Int yet another erbodiment {not showny, the present invention and the
pressure-sensing Foley catheter can be used together to detect and clear obstructions from
blood clots or other obstructions, Dunng milking of the drajnage tube, if the pressure 1o
the dramage tube spikes while the pressure within the bladder remaius unchanged, this s
indicative of a blockage between the bladder and the termination of the pressure sensing
himen. To clear this blockage, additional negative pressure can be generated using the
massaging roflers until the pressure suddenly drops and matches the pressure within the
bladder. This is indicative that the blockage has been cleared. In yet another embodiment,
blockages such as those from blood clots can be prevented by ensuring that the fnner
diameter of the drainage hamen/tube only gets larger or remains the same size from the
biadder to the drainage bag. When the opposite oceurs, this creates the potential for
bottlenecks that can become a sife for obstruction.

{B216} Figs. 23A and 23B show another embodimaent of the disclosed technology
which allows for a smaller profile catheter, particalarty 1o the area of the pressure balloon.
In this erpbodiment retention balioon 2302 is proximal to pressure balloon 2304, The
catheter shaft bas a reduced diameter area 2366 below pressure balloon 2304, Reduced
area 2306 allows the pressure balloon to reduce o a smaller diameter when it 1s deflated,
as shown in Fig. 158, Redoced diameter arca 2300 may be formed by stepping down the
outer diameter of the catheter lumen, or by cutting away part, or all, of the outer surface

of the catheter outer fumen, or by using an inner lumen within the outer catheter shaft.

48



WO 2014/210453 PCT/US2014/044565
{B237} Figs. 24 show the placement of an exemplary embodiment of preperitoneal

16

NI
T

[
(%51

sensing implant. Implantable embodimments may employ a balloon 101 positioned 1o the
pro- peritoneal space.

{B218] Fig. 25A shows a graph representing a pressure balloon puming method in
some crubodiments, Here, small voluroe buorsts (roughiy about 0.3 oo} of flad vohume are
added to the pressure sensing balloon and the pressure within the balloon is measured.
small volume bursts of fluid are introdoced until the measured pressure within the
balloon settles to a stable pressure 2501, This transition is shown at inflection point 2502.
Volume bursts are infroduced past this point until the measured pressure starts to rapidly
merease (for example if slope 2504 of the curve is greater than about ZmmHg/10ms).
This inflection point is shown at 2504. At this point the pressure within the balloon 18
reduced to a pressure around or slightly above stable pressure 2561, This pressure

represents the prime pressure measuring pressure 1o some embodimenis. This process is

Y]

1so represented in the flowchart in Fig. 268,

{0219} The small volume bursts of fluid may be from arcund G.2¢c to arcund 0.4cc.
The sroall voluroe bursts of fimid may be from arcund 8.1cc to around (.5¢c. The small
voluroe bursts of flaid may be up to arovud 8.5¢e. The sroall volaroe bursts of fiwd may
be up to around 1.0cc.

{0224} Fig. 258 shows a graph representing a pressure balloon priming method in
some embodiments. Thiz method is similar to that shown in Fig. 25A, except that the
pressure s increased within the pressure sensing balloon more smoothly, withouot the
bursts shown in Fig. 25A. Flud volume is added to the pressure sensing balloon and the
preasure within the balloon is measured. Balloon pressure is increased wntil the measured
pressure within the balloon settles to stable pressure 2505, This transition is shown at
nflection point 2506, Balloon pressure is increased past this point until the measured
pressure starts to rapidly increase (for example if slope 2510 of the curve is greater than
about ZrmaimHg/10ms ). This inflection point is shown at 2568, At this point the pressure
within the balloon is reduced o a pressure arcund or slightly above stable pressure 2505,
This pressure represents the prime pressure measuning pressuee in sorme erpbodiments.,
This process is also represented in the flowchart i Fig, 260,

{B221] Fig. 26A shows a flowchart of the balloon puming process of certain
embediments of the mvention. Embodiments of the disciosed system and method include
agtomatic pressure tuning by a controller. Accordingly, the touing system can detect the
optimmum 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

49



%)

WO 2014/210453 PCT/US2014/044565

inflate the balloon untd it detects & physiologic-sourced pressure rate. Upon sensing that
rate, the pressure tuning controlier will add or sebiract mingte amounts of aw or fluid
(roughly about 0.3 cc) 1 a routinized sequence untii the arpphiude of the sensed wave 1
greatest. The control feedback loop between the optivnally tused presswre (raanifesting as
3 balloon pressure and volome} and the sensed physiologic pressure profile terates
continuously and or as needed to ensure high fidelity measuwrement of the physiclogie
data. In some embodiments, automatic pressure toning may be performed in the apparent
background while the physiclogic data is being transmitted and displayed; m other
embodiments the system may suspend transnussion of physiologic data during a pressure
16 tuning sequence.
{0223} The minute amounts of air or fluid may be from around 8.2¢c to arcund
}.4cc. The roinute amounts of air or flwid may be from arcund 0.1cc to around 0.5¢cc. The
minrte amounds of air or fhaid may be up to around 0.5¢c. The minute arsounts of air or
fluid ey be up to around 1.0 ce.
5 {0223] Fig. 27A and 278 show an embodiment of the invention which inclades a
fiber optic pressure sensor, Fig, 27A shows a cutaway view of a catheter Hip which
encases a fiber optic prossure seasor. In this embodimend, catheter tp 2782 includes 2
humens 2704 and 2706, Lumen 2704 in this embodiment 15 a drainage lomen and hunen
2706 1s a dedicated fiber optic lomen which inclodes fiber optic sensor. Fiber optic sensor
it inclades fiber optic fiber 2708 and fiber optic sensor tip 2710, Although the fiber optic
sensor is shown here in a dedicated lumen, the sensor may alternatively be in the drainage
fumen. Sensor hole 2712 allows the fiber optic sensor to be in fluid communication with
the fluid in the bladder and exposes fiber optic sensor tip to the pressures in the bladder.

The diameter of fiber optic cable 2708 is around .004” and the diameter of sensor tip

i

2710 15 around L0107, The diameter of the tip of the catheter in this crabodiment 1s around
16 Fr. Or around 2107

{#224} Fig. 278 shows an cutside view of the tip of 2 catheter which encases a fiber
optic pressuwe sensor. Retention balloon 2714 1s attached to the catheter pear catheter tip
2702, Urinme drainage hole 2716 1s distal to retention balloon 2714, Sensor hole 2712 may
3G be distal or proximal to the urine drainage bole, or may be the same as the drawnage hole
and 18 shown distal to the retention batloon. Note that the 8ber oplic pressure sensor is
encased mside the catheter and cannot be seen here. The fiber optic pressure sensor rous
from the tip of the catheter back to the proximal end of the catheter and may ternunate at

a coniroller.

(93]

{228} Although Figs. 27A and 278 show a fiber optic pressure sensor, any

appropriate pressure sensor technology could be used.
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{B226} Fig. 28 shows an embodiment of the mvention with more than one pressure
fpmen. This embodirnent 18 similar to that shown 1o Fig. 6. Fig. 28 shows an embodirnent
with more thaw one sensing lurmen. Sensing humens 2806 may be pressure sensing lnmens
only or may sense analvies and/or take other measurements. Retention balloon fumen
3 2802 and pane lunsen 2804 are also shown, The advantage of more than one sensing
{omen i3 to identify and filter out noise. Pressure, or other, measurements are detected
through both fumens 2806, Assuimning proper calibration, the real signals throogh the two
fomens are generally similar over time. However, if one of the signals shifis or becomes
noisy, while the other signal does not, it can be assumed that the shifting and/or noisy
16 signal 18 in fact noise, and/or an artifact, and not reflective of an anatomical measurement.
By having more than one sensing lumen, and continually conparing the two or more
signals, the controller can identify and filter out potentially noisy signals, allowing for
more accurate measurernents. The additional one or more lumens may merge at any
iocation along the catheter length, or the lumens may remain separate the fulf length of
5 the catheter, to the catheter fip. Preferably in this embodiment, roore than one sensing
humens terminates at a stogle sensor. For example, two pressore sensing hunens may
terminate i one pressure sensing balloon at or near the 8p of the catheter, as is shown
Fig. 28. However, 1t would also be possible to bave cach humen terminate at s own
sensor and/or sensing baltoon.
it {0227 Figs. 29A - 29C show an embodiment of the movention where the pressore
sensor is 1n fluid compmication with the wrine lumen of a Foley catheter, byt may reside
outside of the bladder. Fig. 29A shows fluid chamber 2902 with port 2904, Port 2904 s
connected to the urine dramage lumen of a Foley type catheter which allows the

interior/receiving channel of fluid chamber 2902 to fill with urine. Pressure sensing

i

balloon 2906 1s contained inside fluid chamber 2902 and i3 i fluid cornmunication with
pressure fine 2908, Pressure sensing balicon 2906 and pressure line 2908 are filled with
fluid, either a gas or a liguid. Pressure fine 2908 1s connecied to a pressure seasor such as
a pressure transducer. This erabodiment allows the pressure sersing balloon to reside

cutside of the bladder, and to be conunected, managed, cleaned, matntamed and

3G discounected while the Foley type catheter 18 in place i the bladder, In addition, this
embodiment of the wvention allows the pressare sonsor to be used with any Foley type
catheter,
{§228}] Fig. 29A shows pressure sensing balloon 2906, but the pressuore sensor can be

any kind of pressure sensor including a mechanical or fiber-optic pressure sensor.

(93]

Priming of pressure sensing balloon 2906 may be done using any of the methods

meniioned herein.
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{9229 Fig. 298 shows a Foley type catheter with retention balloon 2910, urine
drainage opening 2912 which is tn fhud corprounication with the wine drainage lumen.
Retention balloon port 2914 and wrine drasnage port 2916 are at the proximal end of the
catheter. Secondary prne fursen port 2918 may connect to the urine drainage lomen at
3 any point along the length of the catheter. Urine turoen port 2918 raay be connected to
fluid chamber port 2902 shown i Fig. 29A so that pressure sensing balloon 2986 1s 1
flurd communication with urine in the wrine lumen of the Foley type catheter and
ultimately, with the urine in the bladder. Pressure measorements can be taken over time
via port 2918 and analyzed m any of the ways disclosed herein. To improve pressure
19 measurements, drainage port 2916 may be periodically closed or blocked. Blocking of
drainage port 2916 may be done mechanically, with a stopeock or valve, or automatically,
for example with a solenoid valve connected to, and controlled by, the controller

meniioned 1o some embodiments herein,

{8236} Fig. 29C shows a standard Foley type catheter which is connected to adapter
5 2920. Adapter 2920 can be connected to urine drainage port 2916, Adapter 2920 has two

ports, pone deainage port 2922 and secondary wrine omen port 2924, Urine humen port
2818 may be connected to fhuid chamber port 2902 shown 1n Fig, 29A so that pressure
sensing bafloon 2986 is in fhuid comraunication with arime i the orine humen of the Foley
type catheter and vltimately, with the urine 1o the bladder. Pressore measurements can be
O taken over time via port 2918 and analyzed in any of the ways disclosed heremn. To
improve pressure measurements, dratnage port 2916 may be pertodically closed or
blocked. Blocking of drainage port 2916 may be done mechanically, with a stopeock or
vafve, or automatically, for example with a solenoid valve connected to the controller. An

advantage of this embodiment is that adapter 2920 can be used with any Foley type

L2

catheter to measure pressure. In addition, adapter 2920 can be attached to and removed
from a Foley type catheter after the Foley type catheter is afready in place in the patient’s
bladder.

{B231} Figs. 30A- 30B show an embodiment of the invention where the pressure
sensor is in fluid corpmunication with the orine humen of & Foley catheter, bat may reside
3G on a separate cathoter, Foley type catheter 3002 is shown with vrine hurmaen 3504 and
urine dratnage opening 3006, Small pressure sensing catheter 3008 with pressure sensing
balloon 3010 is shown inside the wine dramage himen of the Foley type catheter. The
outer diameter of the pressure sensing catheter 18 small enough o that it fits within the

urine drainage humen of a Foley type catheter. For example the outer diameter of the

(93]

pressure sensing catheter may be less than about 4mm, alternatively the outer diameter of

the pressure sensing catheter may be less than about 3mm, alternatively the outer
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diameter of the pressure sensing catheter may be less than about 2mm, alternatively the
cuter diameter of the pressure sensing catheter roay be less than aboot Lo

{B232] The pressure sensor on the pressure sensing catheter may be vear the distal
end of the pressure sensing catheter, or it may be anywhere along the length of the

3 catheter, The pressure sensor may be a pressure seosing balloon, or ¢ may be any type of
pressure sensor. In the case of a pressure sensing balioon, the inflated balloon may be
smaller than the tuner diameter of the wrme drainage lamen of the Foley type catheter, or
the flated balloon may be large enough fo fill the vrine drainage lomen of the Foley type
catheter.

19 {233 The inflated pressure sensing balloon may fill the urine drainage lumen of the
Foley type catheter aliowing for better pressure measurements. The pressure sensing
balloon may be penodically deflated or partially deflated to aliow unne to flow from the
bladder through the Foley type catheter. The confroliing of the pressure sensing balloon
inflation cycle may be controlied by the controller of the present invention.

5 {0234} The outer diameter of the milated pressure sensing balloon may less be than
about Smm, alternatively the outer diameter of the pressure sensing catheter ruay be less

than about 4, altersatively the outer diarneter of the pressure sonsing catheter may be

less than abont 3mum, alternatively the outer dtarpeter of the pressure sensing catheter may

be less than about Zmm, alternatively the outer diameter of the pressure sensing catheter
it may be {ess than about L,

{0235) Fig. 308 shows a standard Foley type catheter with retention halloon 3612,

urine drainage opening 3006, retention balloon port 3014, and wrine drainage port 3016,

Adapter 3018 is shown connected to urine drainage port 3016, Adapter 3018 has two

potts, urine drainage port 3020 and secondary urine famen port 3022, Pressure sensing

i

catheter 3008 1s shown in urine fumen port 3022, In this way the pressure sensing catheter
1s 10 fluid compwmication with the vone drainage lomen of the Foley type catheter
Prouimal end of pressure sensing catheter 3008 is connected to a pressure sensor such as
a pressure transducer, simifar to other embodiments herein. Pressure sensing catheter

h

3808 raay have ondy a single humen, the sensing balloon luren, or ¢ may contain other

3G iorens, In the case where the pressure sensor of the pressure sensing catheter is a
mechanical pressure sensor, the pressore sensing catheter may have no lumens, or the

pressure sensing catheter may have a balloon for sealing the wrine drainage himen of the
Foley type catheter.

{0236] Pressure measurements can be taken over time using the pressure sensing

(93]

catheter and analyzed in any of the ways disclosed herein. To improve pressure

measurements, drainage port 3020 may be periodically closed or blocked. Blocking of

Ln
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drainage port 3020 may be done mechanically, with a stopeock or valve, or antomatically,
for exanaple with a solenoid valve copnected to the controlier. An advantage of this
embediment is that pressure sensing catheter 3008 can be used with any Foley type

catheter to measure pressure. In addition, pressore sensing catheter 3008 can be mserted

and removed from a Foley type catheter after the Foley type catheter is abready in place in
the patient’s hladder.

{B2371 Fig. 31 shows another embodiment of the invention where a refention halloon
18 not present, for example, in a chest drainage tube. Shown here are floid drainage holes
3102 and pressure balloon 3104, Drainage holes are shown here both proximal to, and
distal to, pressure balloon 3104, however the dramage holes may be only distal to, or only
proximal to, the pressure balloon. Multiple drainage holes are shown here, but in some
embodiments only one drainage hole may exist.

{6238} Pressure balloon port hole 3106 s 1 compwmication with the pressure fluid
fumen which is in fuid communication with pressure line 3108, Fluid drainage Hine 3110
is in fluid coramunication with the one or more fluid drainage holes 3102,

{8239} As described heretn, pressure boe 3108 s in fluid commucation with 2
pressure transducer or ather type of pressure sensor,

{02483 Flaid drainage e 3110 roay be vsed with any of the clearing mechanisms
described heremn. For example, a rolling mechamism, similar to that shown in Fig. 18, may
be used to help clear fuid from the chest or other body cavity. Iu the case where rollers
are used to help clear the chest, pressure measurements may show a pressure wave related
to the roller action when the fhuid drainage line is clearing adeguately. A flatteming of the
roller related pressure wave may indicate that the drainage line is not draining adequately
and may be an indication of a clot or other blockage somewhere in the draimage tube
and/or drainage line, mcfuding possibly at a drajnage bole of the drainage catheter. I such
a flattening of the pressure wave is detected, the rollers may be programmed to reverse
dircction, either manmally or automatically, causing fluid o temporanly flow toward the
chest cavity rather than away from the chest cavity. This action may serve fo dislodge t
blockage and allow fluid again to flow adeguately through the drainage hine. Other
actions may be taken to attempt to clear the dramnage Hine, weluding foshing the duainage
{ine, mechamically unblocking the drainage Hoe cte,

{#241} By monitoring the pressure within the chest cavity, or other body cavity, flaid
drainage may be monitored and action taken if dratnage is not adequate. For example, in
addition to a flattening of the pressure wave described above, a sustained increase of

pressure within the body cavity may be an indication that fluid drainage is not adequate.
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A sustained decrease in pressure within the body cavity meay be an indication that flmid
drainage is w0 longer necessary.

{$242} A pressore sensing balloon is shows here, but any switable type of pressure
sensor may be used.

3 {B243] In the case of a chest drainage tube, a retention balloon 15 not necessary
beeanse the chest tube 18 Hikely sutured or otherwise fixed to the outer chest wall after
msertion, This may also be the case for other types of drainage tubes, such as a wound
drainage tube. The pressure sensing balloon/mechanism may sense anatomical pressares
to determine anatomical information such as peritoneal pressure, respiratory rate, and

19 cardiac rate. In addition or alternatively, the pressure sensing balloon/mechanism may
sense the presence of clots, or other blockages which prevent the drainage tube from
draining adequately.

{8244 In another embodiment, a physical filter may be used af any location along
the length of a sensing lumen. For example, a filter may be placed between a pressure

13 sensing lumen and 2 pressure transducer. A fifter may remove a signal offset allowing 2
mote sensitive sensor to be nsed. A flter may be ruade of any suitable material, such as
polyraer foam.
j8245] Any of the priaing protocols diselosed bere, or any combination thereof may
be used in any of the embodiments of the invention.

20 {0248} Although the pressure sensing balloon and/or sensor 1s shown distal to the
retention balloon in some of the figures herein, the pressure sensing balloon and/or sensor
may also be proximal to the retention balloon.

{6247} Embodiments of the invention include a pressure sensing balloon
incorporated into a chest tube or breathing tube to monitor pressure in the lungs and/or

chest. Surnilar to other embodiments disclosed herein, a pump, vacuuny, roller device or

NI
T

other technology may be used to help clear the chest tube of fluids and/or other
blockages. Chest flow fluid velume (gas and/or ligmd) may be measured using
techniologies disclosed herem.
{B248] Exarople of Data Processing Systern

3G {249} Fig. 32 1s a block diagram of a data processing system, which may be used
with any erabodiment of the mvention. For exanple, the systern 3200 may be used as part
of a controller. Note that while Fig. 32 illustrates various components of a compuder
system, it is not intended to represent any particular architecture or manner of

mterconnecting the components; as such details are not germane to the present imvention.

[
(%51

it will also be appreciated that network computers, handheld computers, mobile devices,

Ln
hn
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tablets, cell phones and other data processing systems which have fewer components or
perhaps more components may also be used with the present invention,
{B284] As shown m Fig, 32, the computer systern 3280, which i3 a form of a data
processing system, rochudes a bus or imterconnect 3202 which is coupled to one or more

5 microprocessors 3203 and a ROM 3207, a volatile RAM 3205, and a non-volatile
metnory 3206, The microprocessor 3203 is coupled to cache memory 3204, The bus 3202
mterconnects these various components together and also nterconnects these components
3203, 3207, 3205, and 3206 to a display controller and display device 3208, as well as to

3

mput/output I/0) devices 3210, which may be mice, keyboards, modems, network

10 mterfaces, printers, and other devices which are well-known in the art,
{1258} Typically, the input/output devices 3210 are coupled to the system through

mput/output contrallers 3209, The volatile RAM 3205 is typically implemented as
dynamic RAM (DRAM) which requires power continuously in order to refresh or
maintain the data in the memory. The nor-volatile memory 3206 is typically a magnetic

5 bard drive, a magnetic optical drive, an optical drive, or a DVD RAM or other type of
mernory systern which maintains data even after power is removed from the system.
Typi(:aiiy, the non-volatile memory will also be a random access merpory, although this s

not requred.

{6252} While Fig. 32 shows that the non-volatile memory is a local device coupled
it directly to the rest of the components in the data processing system, the present mvention

may utilize a nou-volatile memory which is remote from the systern; such as, a network
storage device which is coupled to the data processing system through a network interfae
such as a modem or Ethernet interface. The bus 3202 may mclade one or more buses

connected to cach other through variouns bridges, controllers, and/or adapters, as is well-

i

known in the art. In onc embodiment, the VO controlier 320% includes a USB (Universal
Serial Bus) adapier for comtrolling USB peripherals. Alternatively, I/0 controller 3209

ay include an TEEE-13%94 adapter, also known as FireWire adapter, for controlling
FireWire devices.
{B253] Some portions of the preceding detailed descriptions have been presented in
3G terms of algorithros and syrobolic representations of operations on data bits within a
corppirter memory, These algorithmie descriptions and represerdations are the ways vsed
by those skilled in the data processing aris to most effectively convey the substance of
their work to others skilled 1 the art. An algorithm is here, and generally, conceived to be

a self-consistent sequence of operations leading to a desired result. The operations are

(93]

those requiring physical manipulations of physical guantities.

L
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{3284] it should be borne 1 mind, however, that all of these and similar terms are to
be associated with the appropriate physical quantitics and are merely convenient labels
applied to these quantities. Undess specifically stated otherwise as appareut from the
above discussion, i is appreciated that throughout the descaption, discussions utiiving
terms such as those set forth i the clazms below, refer to the action and processes of a
computer system, or similar electronic computing device, that manipulates and transforms
data represented as physical (electronic) quantitics within the computer system's registers
and mermories wto other data simiarly represented as physical quantitics within the
computer system memorics or registers or other such information storage, fransmission or
display devices.

{255 The technigues shown in the figures can be implemented using code and data
stored and executed on one or more electronic devices. Such electronic devices store and
commumnicate (fnternally and/or with other electronic devices over a network) code and
data using compnicr-readable media, such as non-transitory coraputer-readable storage
media {2.g., magnetic disks; optical disks; random access raemory; read only memory;
flash memory devices; phase-change memory) and transitory coraputer-readable
transruission media {e.g., clectrical, optical, acoustical or other form of propagated
signals—such as carvier waves, mfrared signals, digital signals).

{8256} The processes or methods depicted m the preceding figures may be
performed by processing logic that comprises hardware {e.g. circnitry, dedicated logie,
etc.), frmware, software {e.g., embodied on a non-transitory computer readable mediumy),
or a combination of both. Although the processes or methods are deseribed above in
terms of some sequential operations, it should be appreciated that some of the operations
described may be performed in a different order. Moreover, some operations may be
perforraed in paralie] rather than sequentially.

{32871 Unless defined otherwise, all technical terms used herein have the same
meanings as commondy understood by one of ordinary skill in the medical arts. Specific
methods, devices, and materials are described in this application, but any methods and
roatenals sirptlar or equivalent to those descnbed herein can be used i the practics of the
present investion, While embodirasuts of the 1ovention have been described 1 soroe
detail and by way of dostratiouns, such idlustrations are for purposes of clarity of
understanding only, and are not intended to be limiting. Varicus ferms have been used
the description to convey an understanding of the mvention; it will be understood that the
meaning of these vartous terms extends to common linguistic or grammatical variations
thereof. Further, while some theoretical considerations may have been advanced in

furtherance of providing an understanding of the technology, the appended claims to the

Ln
~d
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invention are not bound by such theory. Moreover, any one ot more features of any
embedient of the mvendion can be corabined with any one or roore other features of any
other embodirment of the avention, without departing fror the scope of the mvention.
Still further, it should be wnderstond that the invention is not imited to the embodiments

3 that have been set forth for pwrposes of exemplification, but is to be defined only by a faw
reading of claims appended to the patent application, including the full range of

equivalency to which each element thereof is entitled.

L
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CLAIMS
What is claimed is:
1. A fhud pressure sensing assembly, coraprising:

a catheter having a length and an expandable retention member [ocated near or at a
5 distal end of the catheter, the catheter defining a drainage tumen at least partially through the
catheter length such that a distal end of the drainage lumen ferminates at a drainage opening

defined near or at the distal end of the catheter;

a fluid chamber defining a receiving channel and a port fhndly coupled to the
drainage humen such that the receiving channel is in fluid commmunication with the drainage

18 opening; and

a pressure sensing mechanism located within the fluid chamber, wherein a fhad
introduced nto the drainage opening s received within the receiving channel and impinges

gpon the pressure sensing mechanism.

—
L
2

2. The assembly of claim 1 wherein the catheter comprises a Foley type catheter.

(5

The assembly of claim | further comprising an adapter configured for attachment

to a proximal end of the catheter, where the port s fluidly coupled to the adapter.

20 4, The assembly of claira 1 wherein the port is configured to fluidly couple to the

drainage lumen along a length of the drainage fumen.

5. The assembly of claim 1 wherein the port 1s configured to fluidly couple to a

proximal end of the draimage lumen.

[

6. The assembly of claim | wherein the fluid chamber s configured 1o be tocated

gxternal to a paticnt body.

L
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7. The assenbly of claim | wherein a proximal end of the drainage fursen s

contigured to be periodically obstmucted.

8. The asserobly of claim | wherein the pressure sensing mechanisro further

corpprises a pressure seasor attached via a pressure hoe,

9. The assembly of claim 1 wherem the pressure sensor comprises a mechanical or

fiber-optic Pressure Sensor.

16. The assembly of claim | wherein the pressure sensing mechanism comprises 2

pressure sensing balloon,

11, The assembly of claimn | wherem the prossure sensing roechanism is configured
to transduce pressure poupinging on it wto a chronological pressure profile, the pressure
profile having sufficient reschstion fo be processed into one or more distinct physiologic
pressure profiles, said physiologic pressore profiles selected from a group consisting of

peritoneal pressure, respiratory rate, and cardiac rate.

12. The assembly of claim 11 wherein the pressure profile has sufficient resolation
such that, when sampled by a transducer at a frequency of at least about 1 Hz, it can be

processed to yvield a relative pulmonary tidal volame profile.

13. The assembly of claim |1 wherein the pressure profile has sufficient resolution
sach that, when saropled by a transducer at a frequency of at least about § Hz, it can be
processed to yield physiclogic pressure profiles selected from a group consisting of cardiac

outpwt, relative cardiac output, and absohute cardiac stroke volume.

14, The assembly of claim 1 fiwrther comprising an analyte sensor m floid

commmnication with the receiving channel,

60
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15. The assembly of claim 14 wherein the analyte sensor is configured o sense an
analyte selected from a group consisting of pH, a gas, an electrolyte, a metabolic substrate, a

metabolite, an enzyme, and a hormone.

16, The assenibly of claim | further comprising one or more electtical activity

STHIOLS,

{7. The assernbly of claim 1 forther comprising a Hght sowrce and a light sensor, the

sensor configored to capture light emitted fom the hght source.

18, A method of sensing fluid pressure, comprising:

positioning a catheter within a body Tunen, the catheter having a length and an
expandable retention member focated near or at a distal end of the catheter, the catheter
defining a drainage himen at least partially through the catheter fength such that a distal end
of the dramage humen terndnates at a drainage opening defined near or at the distal end of the

catheter;

introducing a fiuid from the body humen through the drainage opening and mio the

drainage limen;

recetving the fhud through a port fluidly coupled to the drainage tumen and into a

receiving channel of a fluid chamber which is positioned external to the body lumen; and

detecting a fhiid pressare from the thid impinging ypon a pressure sensing

mechanisim located within the flnid chamber.

19. The method of claim 18 wherein the catheter comprises a Foley type catheter.



WO 2014/210453 PCT/US2014/044565

26. The method of claim 18 wherein receiving the fluid comprises receiving the flmid

through the port which is fluid coupled to an adapter configured for attachroent to 2 proxinaal

end of the catheter,

3 21, The method of claim 18 wherein recetving the fhuid comprises floidly coupling
the port to a proximal end of the drainage tumen.
22. The method of claim 18 further comprising periodically stopping fluid flow
through the drainage lumen.
16

23, The method of claim |8 wherein detecting a fluid pressure comprises sensing the

flirid pressure via a pressure sensor aftached via a pressure line.

24, The method of claim 18 wheretn the pressure sensing mechamsm coraprises a

1S pressure sensing balloon.

28, The method of elaim 18 further comprising transducing the fuid pressure
impinging upon the pressure sensing mechanism into a chronological pressure profile, the
pressure profile having sufficient resolution to be processed into one or more distinet

20 physiologic pressure profiles, said physiologic pressure profiles selected from a group

consisting of peritoneal pressure, respiratory rate, and cardiac rate.

26. The method of claim 25 wherein the pressure profile has sufficient resolution

sach that, when saropled by a transducer at a frequency of at least about 1 Hz, it can be

L

]
I\

processed to yield a relative pulmonary tidal volume profile.

27. The method of claim 25 wherein the pressore profile has sufficient resolution

such that, when sampled by a transducer at a frequency of at least about 5 Hz, it can be

62
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processed to yield physiciogic pressure profiles sclected from a group consisting of cardiac

output, relative cardiae output, and absolate cardiac stroke volume.,

28, The raethod of claim 18 further compusing sensing ap analyte i the floid via an

analyte sensor w fluid comroumication with the receiving channel.

29. The method of elaim 28 wherein the analyte seusor iz configured to sense an
analyte selected from a group consisting of pH. a gas, an clectrolyte, a metabolic substrate, a

metabolite, an enzyme, and a hormone.,

30, A fluid pressure 3¢nsing apparatys, comprising:

a catheter having a length and an expandable retention member located near orat a
distal end of the catheter, the catheter defining a drainage lumen at Teast partially through the
catheter length such that a distal end of the drainage lumen terminates at a drainage opernung

defined near or at the distal end of the catheter; and

a pressure sensing catheter having a pressure sensing mechanism located near or at a
distal end of the pressure sensing catheter, wherein the pressure sensing catheter bas a

diameter sized for msertion within the dramage himen.

31. The apparatus of claim 30 wherein the pressure sensing catheter has a diameter

of 1 mm to 4 mm.

32. The apparatus of claim 30 wherein the pressure sensing mechanism has an

expanded diameter of 1| mm 0 5 ram,

33. The apparatus of claim 30 wheretn the catheter coraprises a Foley type catheter,
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34. The apparatus of claimn 30 wherein the pressure sersing mechanism comprises a

pressure sensing balloon,

35, The apparatus of claim 30 wherein the pressure seasing mechanisia s configured
to fransduce pressure impinging on it o a chronological pressure profile, the pressure
profile having sufficient reschstion fo be processed into one or more distinct physiologic
pressure profiles, said physiologic pressore profiles selected from a group consisting of

peritoneal pressure, respiratory rate, and cardiac rate.

36. The apparatus of claim 35 wherein the pressure profile has sufficient resclution
such that, when sampled by a transducer at a frequency of at least about | Hz, it can be

processed to vield a relative pulmonary tidal voluroe profile.

37. The apparatus of clairn 35 wherein the pressure profile has sufficient resolation
sach that, when saropled by a transducer at a frequency of at least about § Hz, it can be
processed to vield physiclogic presswre profiles selected from a group consisting of cardiac

output, relative cardiac ouvtput, and absolute cardiac stroke volume.

38. A method of sensing fluid pressure, comprising:

positioning a catheter within a body Tunen, the catheter having a length and an
expandable retention member located near or at a distal end of the catheter, the catheter
defining a drainage himen at least partially through the catheter fength such that a distal end
of the dramage humen terndnates at a drainage opening defined near or at the distal end of the

catheter;

positioning a pressure sensing catheter within the deainage lorpen, the pressure
sensing catheter having a pressure sensing ruechanism located near ov at a distal end of the

pressure sensing catheter, wherein the pressure sensing catheter has a diaroeter sized for

o

msertion within the drainage fumen

ntroducing a fiuid from the body lumen through the drainage opening and mio the

drainage lumern; and
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detecting

a fhuid pressure from the fluid impingiog upon the pressure sensing
mechanism positioned within the drainage fumen.

39, The method of claim 38 wherein the catheter comprises a Foley type catheter,

The method of claim 38 further comprising periodically stopping fluid flow
through the drainage lumen.

41. The method of claim 38 wherein the pressure sensing mechanism comprises a
pressure sensing balloon.

16

42. The method of claim 38 further compusing transducing the fluid pressure

a

pressure profile

inpingiog upon the pressure seasing mechanism indo a chronological pressure profile,

the

e having sufficient resohution to be processed o one

[
Ln

or more distinct
physiologie pressore profiles, said physiclogi

¢ pressure profiles selected from a group
msisting of peritoneal pressure, respiratory rate, and cardiac tate,

43. The method of claint 42 wherein the pressure profile has sufficient resolution
such that, when sampled by a transducer at a frequency of at least about 1 Hz, it can be
20

processed to vield a relative pulmonary tidal volame profil

44, The method of clatm 42 wher

cin the presswre profile bas sufficient resolution
such that, when sampled by a transducer at a frequency of af least about 5
Processe

Hz, it can be
:d to yield physiclogic pressure profiles selected from a group cousisting of cardi
ouiput, relative cardiac output

L

.
I\

al

, andd absohlite cardiac stroke volume.

The method of claim 38 further comprnising sensing an analyte m the flaid via an
aunalyte sensor i floid commumication with the drainage lumen
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46, The method of claim 45 wherein the analyte sensor s configured 0 sense an
analyte selected from a group consisting of pH, a gas, an electrolyte, a metabolic substrate, a

metabolite, an enzyme, and a hormone.
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Method of Monitoring Pressure-based Physiclogic Data

Dynamic pressure in the bladder/intraabdominal cavity

{ High fidelity pressure profile generated E

U

Pressure transducer converts high fidelity pressurs to
high fidelity electrical signal

4

Electrical signal profile processed to determine:
1 peritoneal pressure
2 respiratory rate
3 cardiac rate
4 relative cardiac output
5 patient motion or activity

FliG. 13
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