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METHODS AND DEVICES FOR ANALYTE SENSING IN POTENTIAL SPACES

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This application claims the benefit of priority to U.S. Provisional Application Nos,
627008 930 filed December 315, 2014 and U.S. Provisional Application No. 62/102,528

filed January 12% 2013, each of which is incorporated herein by reference in its entirely.

FIELD OF THE INVENTION
{00021 The present mvention relates to the field of continuous biochemival moniloring
systems. More specifically, the present mvention relates to continuous glucose measuring

devices with nunmimal lag.

INCORPORATION BY REFERENCE
{0003} All publications and patent applications mentioned 1 this speaification are herein
meorporated by reference to the same extent as if each such individual publication or patent

application were specifically and ndividually mdicated to be so incorporated by reference.

BACKGROUND OF THE INVENTION

{0004] Diabetes 15 a group of diseases characterized by high levels of blood ghicose
resulting from defects in insulin production, msulin action, or both. Diabetes is the leading
cause of blindness in people ages 20 1o 70 and 15 sinth leading cause of death m the United
States. Overall, the risk for death among people with diabetes 15 about 2 tmes that of
people without diabetes. The disease olien leads to other complications such as kidney,
nerve and heart disease and strokes. It is the leading cause for niw-irmunatic amputations
and kidney fatlure.

{0008] Diabetes 15 reaching epidemic proportions in the Unued States. There are
approximately 182 million people in the United States, or 6.3% of the population, who
have diabetes. While an estimated 13 million have been diagnosed with diabetes, 32
nutlion peaple {or nearly one-third) are wnaware that they bave the disease. Furthenmore,
digbetes is one of the moest common chronic disegses in children and adolescents; about

151,000 people below the ape of 20 vears have diabetes.
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{0006] Diabetics must diligently mounitor the glucose level in their blood. Blood glacoss
fevels should be maintained between 80 1o 120 mo/dl before meals and between 100-140
mg/dl at bedtime. Sell~montioning of blood glucose penmits diabetics to know their blood
sugar level so they can adjust their food, nsulin, or activity level accordimgly. Improved
glucose control can forestall, reducs, or even reverse some of the long-term complications
of diabetes.

{0007] The gold standard for testing blood glucose is the measurement of glucose in a
plasma sample obtained from a vein. A drop of blood is placed on a small window m a test
sirip. Blood glucose acts as a reagent in a chemical reaction that produces a color change or
generates electrons. The color change is detected by a reflectance-meter and reported as o
glucose value. Alternatively, the electrons generated in the reaction are detected as an
electrical current and reported as a ghucose value.

{0008} Problems with these types of glucose measuring devices nclade the requirement of
a drop of blood for each test (normally acquired through a prick of the finger). The blood
sampling can be pamful and cause calluses to form. it also increases the nsk for warts and
miections. The acuie discomfoprt associated with s presenis the largest bamriar to life-
saving blood ghicose control.

{0009] Minimally mvasive technologies currently include the GlucoWatch Brographer (no
fonger seld) and the Guardian® (registered trademark of Meduonic Minimed, Inc)
Contimuous Glucose Monitoring System.

{0010 The GlucoWatch Biographer uses reverse iontophoresis, which involves applving
an electrical microcwrrent to the skin. The current pulls sodusn through the intact skin,
water follows sodiwm and water pulls ghucose with &, The glacose concemtration in this
fluid is proportionate to the concentraiion i blood.

{0011} However, there are several problems with this technology. There 15 a lag time of 20
minutes before a blood glucose value van be reported. The concentration of glucose in the
fluid is only 171,000 of glucose in the blood. A nuld skin discomiort last for a few minutes
when the device is first applied {0 the skin. The device is intended for use only by adulis
{age I8 and older) with diabetes. It 15 intended to supplement, not replace, standard home
blood glicose monittoring devices. The user alse has to calibrate the GlucoWaitch
Biographer with a blood glucose value mweasured on a traditional, e “fingerstick”

monttor. Thos a standard {invasive) Mood glocose monitor is still requared.
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{0012) The Guardian®  Continucus Glucose Moniloring  System s designed  {o
swtomatically and frequently momtor plocose yvalues w subcotaneons intersutial fhwid
{ISF). It measures ISF glucose every five minntes and it has a hypoglycemia alert. Once
insgrted, the sensor is virtually painless, but # requires entry of glucoss readings from a
standard monitor ai least twice a day in order to calibrate the sensor. Furthermore, the
readings from this monttor lag the actual blood glucose values by 15-20 minutes potentially
resulting m over or under dosing of insulin.

[0013] Orher marketed devices include a subcutaneoysly inserted contimous plucose
monitor which functions for several days before requiring replacement. These devices,
though, measuve interstitial blood glucose which frequently lags blood glucose by 15
mMines or more,

{0014} This lag time is suboptimal {more manageable lag times we in the 3-10 minute
range). More importantly, the lag tmes for glocose measurements using subcataneous
sens0Ts IS not consistent. As a result, no one control algorithm can be used to create a
closed-loop svstem. The inter- and intra-sensor varability m lag time 1s too great (5-30
minutes according o some reports) amd doesn't apply 1o each sensor the same way or even
apply to the same sensor during certain physiologics! sttuations.

{0015] Subcutaneous ghicose sensors are generally placed at least weekly m the
subouianeous space. A sensor placed ong week may be placed near a capillary bed {lag
tme S-10 mun) while the sensor mmplanted a week later may be placed against a muscle
fiber ov fat tssne (30 minute or greater lag time). Therefore, the same control algonthm
will not work adequately for both sensor placements. With respect to intra-sensor
variability, many conditions affect blood flow o the ssbnmucosa of the skin Cold
temperature, for example, will drastically impact blood flow 1o the skin, and therefore have
an effect on sensor readings. Sleeping also potentially bupacts blood flow, and therefor
subcutaneous sensor readings. Sigmificant intra-sensor variabiliy may exist belween
steeping lag times and waking lag times. Thas variability may be due to episodes of severs

nocturnal hypoglyeemia,

SUMMARY OF THE INVENTION
{0016} The imtrapesitoneal (1P} space has been shown o have more effective, faster insulin
delivery and faster glucose semsing kinetics than the subcutaneous space. Vanous

anatonucal locations have been evaluated for blood glucose measurements, such as saliva
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and tears, and have been deemed nadequate for a closed, loop sysism due o latent lag
tnes aud ierferences. The peritonewan, a thas transparent membrane that Hnes the walls
of the abdonunal cavily, comtains the abdominal crgans, and the fuids within the
peritoneam are constantly exchanged by blood exudate. By comyparison, subcutanenus
fissues are focaied just below the skin surface and experience much lower blood perfusion
rates. The IP space provides superior kinetics and a better medium for real-time glucose
measurement.

{0017} Use of the peritomeal space provides a miore direct tracking of blood glucose,
capturing faster glocose kineties, avoiding membrans/encapsulation effects, having less lag
time and lag time vanability, and ehmmating the effect of vanations 1 skin lemperature,
cardiac outpwt, and body position during sleep. It would be implanted in an outpatient
surgical center i a procedure similar {o mmplantation of a peritoneal dialysis catheter. 2-
fold faster glucose sensing kinetics can be achieved by placing 4 continnous ghicose
monitor in the intraperitoneal space versus the subcutaneous space. Sensing kinetics and
sensor encapsuiation are matn factors contributing to accuracy and reliability of continuous
blood glucose momitoring.

{0018} The peritoneal sensor system disclosed herein overcomes the mfer- or inlra~-sensor
lag time vartabilities due to the consistent turnover of peritoneal fluid under most notmal
circumstances. Another potentiat advantage is the one-tine placement of the device i a
protected andfor fixed position within the peritoneal cavity. In addition a cleaping feature
may be incorporaied mio the device (o decrease the impact of fibrotic ingrowth and biofilm
formation on the sensor. The present invention provides shorter lag times and better control
of analvte’glucose measwements, and also provides a consistency that i3 critical o closed-
foop control of blood glucose levels, especially when coupled with an insohn pump. Insulin
may be delivered 1o the peritoneal space as well, or it may be delivered elsewhere, such as
subcutangoushy.

{0019] Polential spaces within the body experience a dumdmushed immune rasponse
compared 1o that of the skin or subcutaneous spaces. Positioning a sensor within a potential
space, for example, within the peritoneal cavity, rather than subcutaneously, reduces the
omune response 0 the device. However, woplanting a device more deeply within the
body, and communicating with the device from outside the body can be challenging. The
perttoneal sensor sysiem disclosed herein overcomes these challenges and enmjoys a reduced

inumane response, a longer implant hife, and shovter lag times than current devices.
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{00201 The peritoneal sensor systent allows for the sensing or sampling component 10 be
twmeled or place i g potentinl space with a2 catheterftether conmecting 4 10 2
controllerftransmitier within the subcutaneous or pre- peritoneal space, or outside the body.
This not only allows for data and power fransmission from the controller o the
sensorsampling component, bul also allows for sasier retrieval and swapping of the
sensorfsamphing  component with a  mmimally  bweasive  procedure.  Ideally  the
sensor/sampling component umplant or swapping procedure can be performed over a
swidewire, The sensorisampling component mayv be detached from the controller and a
replacement sensor/sampler may be reattached to the controller. In some embodiments, the
sensor/sampler is accompanied by an insulin infusion catheter or lumen to provide not only
the faster and more durable sensing benefit of the peritoneal space, but also the faster
insulin absorption benefit of the peritoneal space.

{0021} Generally, the peritoneal sensor system may comprise a catheter baving a distal up
which is tapered, and a sensor positioned within the tapered distal tip of the catheter,
wherem the sensor is configured to sense for a presence of ong or more analytes when
positionad within peritoneal fuid of a subject. A flter may be wn fluid commumcation with
the sensor may also be mecluded, wherein the Blter 15 permeable 1o the oune or more
analyies, as well as a controller 1 comnmunication with the sensor and a port n fluid
conununication with the catheter and the sensor, wherein infusion of a fluid through the
port flushes the sensor with the flwid.

{00221 In vet avother embodiment, the peritoneal sensor system may comprise a catheter
having a distal tp which is tapered, and the sensor configured 1o sense for a presence of
gne or more analvies when contacting perttoneal fluid of a subject. A coniroller in
commpnication with the sensor mayv also be incladed, wherein the sensor i3 positioned
within the controller, as well as a filter in fluid communication with the sensor, wherein the
filter 1s permeable 0 the one or move analyvies and a port in fuid communication with the
catheler and the sensor, whergin infusion of a fhad through the port flushes the filer with
the fluid.

{0023] In use, the sensor system may be used for detecting one or more analytes within a
sabject, penerally comprising contacting peritoneal fuid withan the subjget via a distal tip
of a catheter, where the distal tip 18 tapered 0 inhibit or reduce an ability of a fibrotic
capsule [romy obtaiming purchase, filtering the peritoneal fluid, wherein the filter 1

permeable to the ong or more analvies, sensing for a presence of one or more analyies
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within the peritoneal fluid via a ssnsor, determining whether the one or more analytes arg
present within the peritoneal fhod via g controller o comprmication with the sensor, and
infusing a flurd within the catheter such the Haid flushes the distal tp.

{80241 Any of the embodiments detailed hereim can be used in amy potential space,
mcluding, but not limited {0, the pleural space, the cerebral spinal flwed space, the
peritoneal space eic.

{0028] Any of the embodiments detailed herein may include a sensor n the potential space,
andfor a sampler in the potential space. In some embodiments, a fluid'analyie sampler is in
the potential space, and a sensor i3 in the controller which may be in the sobcutaneous or

pre-peritoneal space or external to the patient.

BRIEF DESCRIPTION OF THE DRAWINGS
{90261 Fig. 1 shows an embodiment of the periioneal sensor system with a catheterftether
which inclodes wireless comnmucation.
{00271 Fig. 2 shows another embodiment of the perttoneal sensor svstem.
J0028] Fig. 3 shows an embodiment of the periftonsal sensor system with an externalized
control portion,
{0029] Figs. 4A-3C show some example embodiments thad incorporate Dushing.
10030} Fig. 5 shows the relative responsiveness of sensors implanted in the peritoneal
cavity, subcutangous space and in the intravenocus space.
{0031] Fig. ¢ shows another embodinient of the pertioneal sensor system.
100321 Fig. 7 shows an embodiment of the perttoneal sensing sysiam with an anti-adheston
cnff
{0033 Figs. 8A-8D show embodimenis which include mechamsms to clear fiber/fibrin
and encapsulation
{0034} Figs. VA-9D shows an embodiment which mnclodes an expandabla mesh-like, or
age-like, component.
[0035] Figs. 10A~10D show embodiments where the sensor assembly component includes
an outer collar, or slegve, over the sensor catheter assembly.
{80361 Fig. 11 shows an embodiment with a separately unplantable "anding pad”, or base

struciure.
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{00371 Fig. 12 shows an embodiment which mncludes a shroud, or cover, over the sensor.
{0038} Fig. 13 shows an embodiment with multiple sensors.
{0039] Fig. 14 shows an embodiment with an arvay of sensors.
{00401 Fig. 1§ shows an embodiment of the pentoneal sensor system whick uses
spectroscopy or spectrophotometry,
j0041] Fig. 16 shows another embodiment which uses spectroscopy or spectrophotometry.
{0042} Fig. 17 shows a block diagram of a data processing system, which may be used
with any embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION
{0043} The peritoneal sensor system geverally includes a sensor/sampler portion, which i3
implanted in the peritoneal space, and a control portion/controller, which may be implanted
elsewhere, such as suboutaneously, or may be external to the patient. Other functions which
may be wcluded mclude insulin delivery, sensor flushing, wireless comumunication, light
spectroscopy, UV sterthzation, analvte sampling, analvte circudation, logie, ete.
{0044 Fig. | shows an embodiment of the peritoneal sensor system with a 1ethev/catheter
which includes wireless communication, The embodiment of the pentoneal sensor system
shiovwn here imcludes catheterfether 102 incloding sebeutaneous antenna 164 on one end,
and sensor portion 106 on the other end. For example, the sensor may sense the presence of
glucose, This allows the sensor portion o communicate with external iransnutting
controlier 108 where the sensor portion has low power requirements despite its position
deep within the bodyv. This design nwy Incorporate an anchoring cuff or tunnel, for
example, a cuff made of Dacron, to allow for tissue ingrowth and sabsequent anchonng of
catheteriiether to the body to hold it in place. The anchoring cuff may be suchored to a thin
biocompatible tube or tunnel through which the sensor/vatheler/tether assembly may be
mserted from the subcutaneous space into the perttoneal space.
{00451 When the sensor has reached the end of its useful hife, the antenna end of the
catheter/tether may be accessed under local anesthesia, the sensor/catheter/tether assembly
mav be removed from the bioconmatible tube through gentle fraction and another sensor
slid into the tube o replace the expired sensor. This assures consistent and easy placement
of the sensor portion within the peritoneal cavily, Placement may also be accomplished by
threading a guidewire down the center of the sensor/catheter/tether assembly, removing the

sensorfcatheterftether assentbily, then threading a new sensor/catheter/tether assembly over
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the guidewire. In this last embodiment, the tube or tinngd anddor anchoring cudf may not be
necessary  due 1o the formmtion of a fbrotic twmel for the  replacement
sensor/catheter/tether assembly to follow,

{8046] Fig. 2 shows another embodiment of the peritoneal sensor systam. The svstem
detailed m this Figuwre includes tmplanted controller potion 202, shown here in the
subcotaneous space. The controller poriion may altematively be m the peniloneal or pre-
perttonieal space. In this embodiment, sensoricatheter/tether assembly 204 is connected to
mmplanted controller portion 2020 In this embodiment, the control portion #m the
sabeutaneous space may provide automated intermittent fushing of the sensor portion and
provides power io the sensor portion and may storefransmit any collected data
Alternatively, flushing may be achieved manually or automatically via an implanied port
using a syringe or other infusion device. The sensor portion may also or alternatively be
flushed refitled by an external port. Any of the embodiments may also allow for automatic
or manual infusion of insulin based on the glucose readings in the peritoneal space. Insulin
may be infusedirefilled similarly to the flushing sclution. Insulin and the flushing solution
may be combied. The sensoricatheler/iether assembly may nclude 3 sensor, or it may
siraply sample fluid, causing it to flow 1o or past a sensor within the coatroller to deternune
the analyte concentration.

{0047} Fig. 3 shows the use of an externalized contral portion, In this embodiment, control
portion 302 may be externalized and interface with the sensor/catheterfiether portion
outside of the body. The svsiem may also incorporate sensor flushing and/or msulin
infusion and may incorporate one or more anchor cufls to prevent nfection tracking. In this
embodiment, the external control portion of the system mav be very small and inclade 2
small chip and a small battery to collect, store and transmit the signals of the sensor portion
of the svstem. The external control portion may be less than Sco in volume and be
refatively inconspicuous. The external control portion may alsc meorporate a spall pump
amd a small inselin reservolr to provide 3 trae artificial pancreas sohstion in a very liny-
profile design. Al ov pavt of the external control portion may be replaced andfor refilled on
a datly, weekly or monthly basis to allow for a smaller, more compact profile.

0048} The sensor portion may be replaced on 3 similar timaframe, or less frequently, 1o
atlow for a more stable signal over time. If the contro! portion {extemalized or implanted}
mcludes the ability to infose msulin, the insulin may be infused at a site along the length of

the tgther/catheter that is in the peritoneal cavity, but is far enough away from the sensor 1o
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prevent signal distuption. For example. the nsolin delivery exit may be about 0.5cm o
1 Sem from the sensor. Alernatively, the msobin may, dtself, act as the Jush for the sensor.
100491 In any of the embodiments disclosed heremn, any surtable sensing technology may
be used, bt ideally a sensor will be used that is both durable and resistant to sxcromotion
and macromoetion arttfact. The sensor portion may mclude glycoenzymatic sensors with a
membrane o prevent acuie disvuption of theyr swvoundings. In some embodiments, the
sensor portion mcludes g sensing modality that does not consume glucose such as infrared,
raman spectroscopy, spectro-photometry, fluorescence {conA or boronate chemistry) or
phosphorescence.

{0030} The terms, sensor, or sensing element, as disclosed herein, may also include a local
or remote nterfhce to a sensor. For example, a filter membrane which is permeable to

glucose, bul smpermeable fo other contaminates, may be used to fHlter fiuid fom the
peritoneal cavity, The sensor in these embodiments may be in proxinuty to the filter
menmbrane, or it may be remote 1o the filter membrane. For example, the filter membrane
mav be at the tip of the catheter assembly, but the sensor mayv be either af the proximal end
of the catheter assembly, or in the control portion of the system. Alsmatvely the flter
membrane may be i the controller or at the proximal end of the catheter. In these
embodiments, a fluid column, or fluid reservoir, 15 in Rud communication with both the
{ilier membrane, and the sensor.

{00S51] In some embodiments, the sensorfcatheteritether assembly may mcorporate an
msuliy infasion humen and/or 2 flushing lamen to keep the sensor free of encapsulation.
The flushing hmen may be intermitiently flushed From an internal reservoir of fluid, fhuid
from the perifoneal cavity, or fluid from an exterpal source. Flushing may be performued
awtomatically or manually. Figs, 4A-4C show some example embodiments that incorporate
flustung, The distal end of the catheter/sensor assembly s designed to prevent a fibrotic
capsule from obtaining purchase and mav therefore be either consistent in dizmeter o
decreasing in diameter {moving proximally, to distally} and smooth, 1.e. free of any trapped
spaces, or ndentations, to prevent trapping of fibrin and to allow a Dush 0 readily remove
any capsule forms. in other words, the tip of the catheter may be lapered so it is smaller
toward the distal tip. The tip of the catheter is praferably made from a matenial which
minbits cell ingrowth sach as silicone or other suitable material. This tapered tp feature

may be mcorporated nto any of the embodiments disclosed herem.
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{00321 Fig. 4A shows distal end 402 of the cathetersensor assembly. The cathetsr
assembly fnehides sensor or sensor interface 404, Flashing fhwid, such o saline, peritonedd
fluid, msulin or other fluid 408 15 flushed through the annular tamen between flushing
sleeve 406 and the catheter assembly. Note that m this embodiment the distal tip of the
catheler assembly s smooth, and decreasing m diameter (moving proxially o distallv)
This helps the forces supplied by the flushing action 1o remove any fibrin capsule.
Although the flushing lumen shown here is annular, the [ushing himen may also be round
or any other shape, and may be along one or more than one side of the catheter assembly.
insudin mav be infused through the flushing lumen, or through a separate lumen. The distal
opening of the isulin lumen may he proximal to, and spaced apart from, the sensor at the
distal end of the catheter assembly, A separate insulin himen 15 not shown here.

{0033] Fip. 4B shows another embodiment of the peritoneal sensor system catheter
assembly. In this embodiment, flter membrane 410 1 shown, In this embodiment, flter
membrane 410 may encircle the distal tip of the catheter assemibly for maximumn surface
ATER EXPOSUTS.

10054] Fig. 4C shows an embodiment of the catheter assembly where the sensor 15 mside
the lomen of the catheter assembly. In this embodiment, flushing may be performed
through the same lumen as the lumen where the sensor resides.

{0035] In some embodiments of a flushing mechanism, the flushing solution may be used
to flush the sensor portion to clear off encapsulation. In some embodiments of the sensor
assembly described herein, the flushing fhnd exits the flushing sleeve proxamal to the
sensing element and flushes the sensing element toward the tip, or distal end. Alternatively,
the flushing solutton may exit the tubing disial 1o the sensing element and {lush the sensing
element in the opposite direction, or proximaily. BEasweing adequate fhad flow over the
sensing olement helps keep the sensing element clear and vesdings accurste and with
mimimal fag time. Flushing may cocur continuously or intermiitently.

[0056] Fig, 5 shows the relative responsiveness of sensors uuplanied in the personeal
avity, subcutaneons space and in the ntravenous space. The curves are shown following
an Intravenous Glucose Tolerance Test (IVGTT). The sensor implamted in the pertoneal
cavity resulted In g faster signal response than those mmplanted v the subcutaneous space.
The response time of the sensor in the peritoneal cavity approached that of the intravenous
SERSOT.

{00571 Micromotion and noise prevention:
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{00381 Dynamic changes i the environment immediately surrounding the senser may
cavse sensor signal noise. These dymanue changes may be a vesudt of the peristaltic motion
maving the sensor andior micro motion associated with the sensors. These motion artifacts
may adversely affect the signal of enzyme basad sensors which rely on stable gradisnts of
ghwose, oxvgen and HZD2 m order to generate a nwwoampere cwrent which can be
translated imto a blood glucose reading. Shifis 1 this local environment may cause
sigmificant changes in the nancampere cwrrent which may adversely affect the resulting
blood glucose signal. The peritoneal sensor system may reduce sighal noise m some
embodiments by controlling the environment near the sensor, using muliple sensors,
anddor using & sensor which does not consume glucose.

{00591 Controlling the envircwument near the sensor

[0060] A semi permeable membrane, or filter membrane, or other material may be used to
fifter the fluid which comes in contact with the sensor. This allows fluid to flow in the aren
focal to the sensor and allows analytes {such as glucose} to diffuse in and out of the
membrang, while preventing contanunates from domg s, I other words, the semi
permeable membrane has pores that allow glucose {or any specilic analvte) (o pass through
the poves, but larger Hems i the fluid canmot pass through the membrave. Alternatively,
the membrane may allow only specific items to pass through it based on other
charactleristics other than size, for example electric charge, shape, etc. This technigue
mereases the stability of the sensor signal, and alse reduces contaminating components of
the analvte fluid. Using a thin membrane, that encourages local diffusion in and out of the
membrane over the order of seconds to minutes, allows the signal to be sufficienty
stabilized o allow for the acquisition of the required data with accepiable lag times. The
membrane may be near the sensor, for example covering the sensor, or the membrane may

be regiote 1o the sensor, with fluid conumunication between the membrane and the sensor.

{8061} Filter membranes may be made out of any suitable material known m the art,
mcluding the materials disclosed fn US patent 8,343,184, US patent 7,613,491, and US
patent 8,050,731, cach of which s hereby incorporated by reference in us entirety. The

filter membrane may be hydropludic or hydrophobie.

{0062} Multiple sensors

F0063] In ancther enbodiment, a8 "web” or arvay of sensors may be dispersed within the
perttoneal cavity, for example around the pancreas, to collect glucose concentration data

from multiple locations within the peritoneal cavity, In this embodiment data is collected
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from multiple locations. These values obtained from the multiple sensors may be averaged
and signal noise 18 reduced.
10064 Sensors which don’t consume glocose

{0865] Non-glucose consuming sensors are highly resistant 1o motion (both micromotion
and the larger penisialsis-related motion) because they do not rely on detection of H202
the local nulice of the sensor o maintain stability of readings. Thus type of sensor may
include spectro-photometric, infrared. LED, raman spectroscopic, fluorescemt or
phosphorescent sensors or may rely on any other mechaniam to detect glucose in a sample
that does not consame the glucose or generate readings based on byproducts of an
epzymatic reaction. The use of a now-enzymatic, non-glocose-consunung sensor i the
peritoneal cavity penerates stable readings with minimal signal lag times.

{0066} Encapsulation:

{0067} Implanied sensors will become encapsulated over fime once implanied and the
signal lag tme will lengthen if the sensor i not flushed or otherwise cleaned. This
icreasing lag time can be found in sensors i ether the peritoneal and suboutaneous
spaces, but is more extreme in the subcutaneous space. Encapsulation has also been found
to be more rapid and move extreme in the upper quadrant of the peritoneal cavity than
the lower quadrants (away from the omentum). Becanse of this, placing the sensor
component in the pelvis (away from the omentum and hiver) may be optimal. Altematively,
m the event that a patient has pelvic omentam, a method of catheter/sensor placement may
be wiilized which mcludes g procedure to tack the omentum up near the hver 1o keep the
omentam away from the pelvic region.

j0068] In addition, we have discovered an unexpecied finding during our intravenous
gheose tolerance tests that indicate that during hyperghyveenua (blood glucose 204 my/dL}
abnormally high glucose values were reported only in sensors in the upper quadrant of the
peritoneal cavity. These values were m excess of the glucose values reporied by capillary
and plasma ghicose. Conversely, the glucose readmgs of the pelvie pertoneal sensors
tracked the readmygs of the capiflary and plasma glucose readings more closely. Based on
these data, it is possible that the liver “weeps” glucose into the peritoneal cavity when it is
ovarwhelmed with hyperglycenua thereby Creating falsely elevated glucose readings m
sensors i that aven. This could lead to excessive msulin adnunistration which could be
fatal. For this reason the sensor porbion may not be placed m the trachtional site of

peritoneal cavity access lor insulin infusion- the hepatic region.
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{00697 In any system that senses plucose and delivers msulin, the glucose sensing may be
maore successfdly accomplished at 8 distasce away from the site of insalin delivery {which
has traditionally been in the hepatic region). This may be accomplished with sensing in the
pelvis and delivery of insulin in the hepatic region {a single dual lumen catheter or two
single lumen catheters) or, alernatively, msubin delivery and glucose semsing boihk
performed 1 the pelvis.

{0870} In some embodiments of the peritoneal sensor system, the peritoneal catheter {or
catheter in any other potential space), may lie along the wall of the cavity and not protrude
significantly into the space. This may prevent issues with catheter kinking, catheter
movement due to  peristalsis or divect force from the orgens, and catheter
obstruction/erosion due to direct organ comtact. The catheter portion of the presemt
mvention may be placed i the pelvis with a short section of the catheter being tumneled
through the rectus sheath or preperitoneal space prior to entry into the peritoneal cavity (see
Fig. 6). This allows for the catheter to be angled into the pelvis and away from the
omentum o better ensure #s continued patency and function. This placement can be used
with etther the analyte (such 8s glucose) sensor portion {or sampling portion) andior drag
{such as msulin} mfusion portion of the system. These may be mcluded on the same
catheter or be separate catheters. Opuional anchoring, or ingrowth, cuffs, 602 and 604, are
shown in Fig. 6,

{0071} Fig. 7 shows an embodiument of the peritoneal sensing system with an anti-adhesion
cuft. While all foreign bodies generate a foreign body response, different matenals do so at
different rates. For example, ePTFE of the appropriate pore size and silicone from a
polished mold {or coated with PEG, atbapun or other hydrophilic coatings) will be highly
anti-adhesive. A shovt segment of anti~-adhesion matenal, or an anti~-adhesion cuff, shown
as 706, on sgnsing catheter 712 will create a weakness in any fibvin capsule overlying this
site. This weakness will allow the capsule 1o break at this point and be flushed from the
distal end of the catheter with a flaid imBusion or flush. The diameter of the distal end of the
-atheter is preferably constant in size or decreasing n size, and smooth, so that the catheter
has no nidges or crencllations that will allow a capsule to mvade and take bold. Drugs or
other additives may also be added to the anti-adhesive cuffl

{0072} Also shown in Fig. 7 is reversible connecior 702, one or more ingrowth cuffs 704 to
prevent tracking of any infection or flaid alonyg the catheter and controlier 708, Tip 710 of

infusiondsensing/sampling catheter 712 will ideally be blunt, and pessibly weighted.
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Catheter 712 may imchude any insulin infusion sheath, Catheter 712 may inchude sterihization
elements including electric cwrvent, silver, an wiaviolet light sowrce ete. A glucose sensor
may travel alongside, or within an insulin infusion sheath. Fluid, such as & dialysate, may
be circulated within a dual lumen catheter, or forced in and out of a single lumen catheter,
and drawn over @ sensov via a pamp. The seasoy may be i the tip of the catheter, or i may
be anywhere along the catheter, or ¥ may be within the controller. Perstoneal thud may also
be drawa into the catheter to pass over the seasor.

[0073] Ovher embodiments include additional mechsnisms o clear Hiberfibrin and
encapsulation. In one embodiment, the sensor body is assemblad with an outer collar, or
sleeve, that can be shid over the catheter body pertodically to act as a wiper to physically
remove any encapsulation growth 808, so that sensor 802 can function properly. See Figs.
8A-HD. The colfar/sleeve may ran the length of sensor catheter 804, as shown here, or may
be shorter than the sensing catheter, and controllable by moving catheter 304 relative 1o
sleevescuff 806, The clearing action can be mitiated by pulling the sensor assembly back
while the collar stays in place or pushing the collar/sleeve forward wihile the sensor stavs m
place. This condd be performed manually by the patient or via a hand pump. It could also
be performed automatically using sn alr pump or motor actuation to push or pull the collar
oF sensor assembly.

{0074} Fig. 9 shows an embodiment which mcludes an expandable mesh-like, or cage-like,
component comprised of thin gange, wive (e.2. stainless steel or Nitinol). Expandable cage
component 902 has a retracied, or compressed, stite, and an expanded state. Figs. 9A and
9D shows the expandable cage in the compressed state. Because the cage is porous,
webbed, mesh-ltke or has openings, sensor 210 can function normally with the cage in the
compressed state. Fibrin 908 may form over distal end 904 of the catheter as shown i Fig.
9B. The expandable cage component may be held in the compressed state by sleeve 906,
When slegve 906 is moved proxmnally with respect to the cage, the cage is allowed 1o
expand 1o s natwal expanded state as shown in Fig. 9C. Allernatively, the cage may be
moved distally with respect 1o sleeve 906 to expand the cage. The oppostie move is
performed to collapse the cage.

{0075] Alternatively, cage 902 may be conneciad at s distal end to the distal end of the
sensing catheter and at #s proximal end to sleeve 906, In this embodiment, sleeve 906 13

moved distally with respect to the sepsing catheter {or the catheter s moved proxamally
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with respect o the slegve) to expand the cage. The opposile move 15 performed te collapss

9

the cage.

¥

{0076 The cage may be sioular to a device called a stone retrieval basket used to retrieve
kidnev stones. The expansion of the cage may be performed manually or automatically.
Alternatively, g canvas like material or a balloon may be used instead of the cage.

{0077} In the embodiments shown in Figs. 10A-10D, the sensor assembly component may
include an outer collar, or sleeve, over the sensor catheter assembly. Sleeve 1006 shields
sensor R and distal end 1004 of the catheter front encapsulation, The sensor may be
extended outside of the sleeve when a measurament is required {eg. once a minute}, a
measurement 1s taken, and the distal end of the sensor catheter assembly is retvaced back
within the sleeve. The sleeve mncorporate a silicone membrane with a small hole, 12, a
sphincter, which expands as the sensor exiis the collar. Allermatively, an O-ring may be
used. Figs. 10A and 10B show O-ring 1002, The sleeve may bave a "trap door” that
prevents fluid mgress during the time that the sensor 15 not active, and open to allow the
sensor (o exit the shroud. This opening could utilize spring fovce (0 open and close {sprmg,
Hving hinge, elc.) and seal againgt the collar with an O-ring. Preferably, “trap doot™ 1010 15
biased so that it s normally i the closed poswon, requiring a small amount of force to
force 1t into the open postion.

{0078] Sensor location within the body affects the glucose readings acquired by the sensor
component. Placing a {ree floating sensor in the peritoneal cavity has proven to show good
results, however a move precise location would potentially ncresse acouracy and
repeatability. A more precise location glso may make i easier to swap oul a sensor gfter a
cerfain amount of ime {(e.g. I8 months) It 15 desirable to place a replacement sensor
approximaiely same location as the replaced sensor o achieve repeatable results. In the
embodiment shown in Fig. 11, separately boplantable "landing pad”, or base structure,
1102, 1s implanted o or onto a desired location of tissue {e.y., peritoneal linmg, rectus
sheath, etc) and becomes relatively permanently fixed to thiy region. The base structurs
may be manufactured all or in part from a material which allows tssee ingrowth (e
Dakron). For example, the base stracture may include Dakron base component 1104, The
base sitructure may have g collar, or marker, that a physician visualizes either by
laparoscopy, x-rav, fluoroscopy, or ultrasound, so that heishe may guide sensor catheter

assembly 1106 into or onto the base structure to fix the catheter o place.
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{0079] The sensor component, in ancther embodiment, may be implanted in the fascia
faver. Superficial, deep muwscle, and visceral fascia are all possible sensor implantation
sttes. Tissue encapsulation of the sensor component may be less in these sties than n the
perttongal cavity. A glveol-enzyvmatic sensoy, ot other sensor {ypes disclosed herein, may
be used i this area. In these embodiments. sensing technology thal allows analvie
containing tssue 10 contact the sensing element are preferable.

{0080] Varving amalvie concenirations in the local milien may possible lead to erratic
sensor readings. Some ambodiments of the sensor assembly component may include a
shrond, or cover, over the sensor with a piston stvle actustion on the proximal end of the
catheter andfor sensor assembly. The piston drpws Hnd oto the chamber during a reading,
and subsequently expels the fluid when the reading is complete. This piston action would
oocur every time a reading is necessary {e.g. once a mimute), te, the mechanism would
draw in and expel fhnd. This would ensure fhnd is being cveled throngh, or across, the
sensor properly, so that no stagnant fhuid is left in or on the sensor. See Fig. 12,

{8081} In another embodiment of the confrol portion of the system, peritoneal fluid s
drawn e a reservowr that's fudly misrnabized which contains a semsor o an array of
sensors to measure the glocose concentration of the Thad i the reservoir, or passing
to/from the reservoir. The fluid may then be expelled or it may be recirculated. This
embodiment may increases untformity of ghicose concentration frony sample to sample.
This reservolr may be rigid, or flexible (e.g. a balloon). The reservolr may be extematived
and attached to the outside of the patient or be wplanted, for example n the preperiioneal
or subcutaneous space. The fuid may be analyzed using mid-infrared or near-infrared
spectroscopy or other wavelength speciroscopy.

[0082] Sensors based on chemistry that require a {luoresciny dve expetience a
phenomenon known as photoblegching, which is defined as the photochewical destruction
of the dye molecule. Due 1o this phenomenon, a sensor of this chemistry will operate for a
finite amount of ime that depends on the time of exposure to the exciation sowce (LED,
e.g.}. Therefore, despite flushing or anti-encapselation mechanism described hevein, the
sensor may still fail to respond alter & certamn amount of ume due to destruction of the dve
molecule. To address this problem, several approachss may be used.

{0083] In the embodiment shown i Fig. 13, multiple sensors are incorporated into ong
tube/catheter assembly, each sensor with i3 own fiber optic cable, and each sensor having

its own excitation spurce. The catheter/tube, in this embodiment and other embodiments,
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may be manufactured from any suitable biocompatible and fexible material, inclading
silicone, polvenyl chloride, polvarethave, et In this ewbhodiment, & primary sensor may
be excited by its excitation source while the other sensors remain dormant. After gither a
set period of time and/or a set degradation m signal strength, the primiary excitation source
may cease operating, and a sscond excitation sowee would become active, exciling a
second sensor. This process continues witil each of the sensors in the assembly has been
chemically depleted, or a set amount of tme has passed. Fig. 13 shows multiple sensors
1302, 1304, 1306 and 1308 on catheter 1310, Fiber optic cable 1312 is connected o sensor
1302, Adduional fiber optic cables are connected to the other sensors. In step A, sensor
1302 is gctive gnd sensors 1304, 1306 gnd 1308 gre nactive, Onee sensor 1302 becomes
depleted, as is shown in step B, sensor 1346 becomes active, while sensors 1308 and 1304
reman mactive, In step O, both sensors 1302 and 1306 are depleted, and sensor 1304 is
now gctive, leaving sensor 1308 inactive. In Step D, sensors 1302, 1304 and 1306 are all
depleted and sensor 1308 is active. Finally, in step E. all 4 sensors are depleted,
F0884} A variation on this embodiment would be 10 excite each ssnser in turn, watid the
entite sensor assembly is chemucally deplefed, rather than fully depleting each sensor
before mioving on 1o the next sensor. For example, if there are 4 sensing elements m the
assembly, and measurements were taken once a minute, the operation would be as follows:

Minute 1. Excite sensing element #1

Mingte 20 Excite sensing element #2

Mimste 3: Exciie sensing element #3

Minute 4: Excite sensing element #4

Minute 5 Excite sensing element #1

Ete.
{0085] In the embodiment shown n Fig. 14, an array of sensing elements 1 incorporated
o a catheter as in the embodiments described above. However, one axeitation source for
all sensing slements, rather than a separate excitation source for each sensing element is
used, Sensors 1402, 1404, 1406 and 140K are shown on catheler assenbly 1414, The
excitation source 18 in conumunication with fiber optic cable 1412, Fiber optic cable 1412
can be moved with respect to the catheter assembly, 5o that s mwost distal tip may be n
conununication with one sensor gt a time, and then moved o excite another sensor. In siep

A distal most sensor 1402 1s i communication with fiber optic cable 1412 and is active.
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Step B shows the assembly afler the signal has degraded on most distal senser 142 {or
alter a set e has expired). Excitation souwrce cable or comector 1412 15 pulled back
proximaily, so that its distal tip is aligned with the next most proximal sensing element,
sensor 1404, which is now active. The fiber optic cable may be fixed m place until it is
moved again. This process continues andil each of the sensors m the assembly has been
chemically depleted, or a set amount of time bas passed, as 1s shown in subsequent steps €,
D and E. Tlus assemably may be linear or it may be coiled.

[00B6] Any feature of any smbodiment disclosed hereinr may be combined with other
features and‘or embodiments. For example, a flushing mechanism could be combined with
a wiper collar mechanism to ensure encapsalation could be cleared. A mesh network may
also incorporate encapsulation clearing features at one, or more, sensor ¢lement 1o ensure
proper functionality.

{00871 Fig. 15 chows an embodiment of the peritoneal sensor svstem which uses infrared,
mid-infrared or newr-infrared  spectroscopy  or other wavelength spectroscopy  or
spectrophotometrv. Controd portion 1302 is preferably imypamted subcutansously, bt can
be mplanted anvwhere as disclosed herein. The control portion may also be external as
disclosed herefn. catheter/sensor portion 1504 is preferably placed so that the distal tip s
the peritoneal cavity, however the catheter/sensor portion ny be placed anywhere as
disclosed herein. in this embodiment, the sensor portion is a sensor interface which
mecludes micro~dialysis membrane 1506, The micro~dialysis membrane is permeable to
certain analyvies (for example, glucose), but is impermeable to contanynates.

{0088 The target analyte/glucose passively diffuses across the membrane, from the fluids
int the peritoneal cavity, o the samphng fluid which s circnlating within sampling
hamens 1508, In this embodiment, the samphng flaid is continuously, or mtermuitently,
cireulated through sumpling lumens 15308, preferably n a closed loop system, but the fluid
mav aliernatively be cireulated i an open loop system. The sampling flwid may also be
veferred {o as the "perfusate” or “dialysaie”. The samplmg Mind may be stertivad andior
analyzed using Hght sourcedanalyzer 1310 which shines light of particalar wavelengths
through the sampling lumen(s) and the sampling flwid to analyze the Nwd for ghicose
comtent. Reflector 1312 may be utilized to reflect the hight delivered from light source 1510
so that hight sourcefanalyzer 1510 may also be used to analyze the resulting light, after it

has passed through the sampling fluid. Alternatively, the samphng flaid may be analvred in
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a reservoir. The sampling fluid may allernatively includs an antiblotic which is oo large to
pass thwough the membrane.
{00891 In this way, the sampling flaid is continuously, or intermittently, passing by macro-
dialysis membrane 15306, where glucose diffuses mto the sampling fluid, and the fhud
comaining the glucose 15 passed by hghi sourcefanalvzer 1510 1o collect dala relating to
glucose concentration. The glucose concentrabion within the sampling fhuid reflects the
ghicose level within the patient. Samphing flaad pump 15314 may be used to circulaie
sampling (uid for analysis, UV bight may also be delivered from light source/analyzer
1510 o sterilize the sampling fhad or UV light may be delivered from a separate source.
{0090} In preferred embodiments, samphing lumen(s) 1508 are small {o allow for quacker
response times o changing glucose levels in the body and also 1o mininnze trauma (o the
body. For example, the ID of the sampling lumen may be from about 8.2mm to about
0. 5mm. Alternatively, the ID of the sampling hanen may be from about 0. 5mm o abowt
F.Omm.
[0091] In a closed loop system, the glucose concentration in the sampling Huid will
eqniibrate with the glucose concentration in the body and reflect changes to glucose
concentration in the body quickly as a result.
{0092} The sampling fumens may be next to each other, or coaxial, so one inside the other.
The micre dialysis membrane may be tubular, so wrapping around 360 degress of the
catheter assembly, or i mav only cover a portion of the circumference of the catheter
assembly.
{0093] The samphing fluid within the samphing lumen(s) may be under slightly negative
pressure.
10094] The pertiongal sensor sysiem shown i Fig. 15 also moludes fushing lumen 1516
The flushing homen is used o flush tssue andior other contaminates from micro~dialysis
membrane 15306, Flushing humen 15316 may be annular, so surrounding the sampling
lumen{s} or may be of any other shape. Any other Husling or dislodging mechamism
disclosed herein may alse be used. Flushing fluid may be forced distally using flushing
pump 1518, or by any other means. Floshing fhud may be saline, may come from a
replenishable reservoir, for exanple a self-sealing injection port, and/or may be peritoneal
fluid which is drawn into either the fushing hunen, or a flushing fluid reservolr from the
peritoneal cavity. Flushing floid may contain mseha. o embodiments where the fushing

fhuid 1 perdoneal fluid, the Duid may enter the flushing reservoir by a slow reversal of
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Hushing punp 1514, or the fluid may be allowed to leak or seep into the ressrvolr pver
tne. In this situation the veservolr, or 8 port to the reservolr, may be porous or perforated,
or permenble.

{0093} Insulin delivery humen 1520 ending mn insulin delivery opening 1522 may also be
meorporated nto the system. Insulin pump 1324 may dreaw insulin from msulin reservoir
§526 and deliver 1t to the patient via insuhin delivery hanen 1520 and out msuhn delivery
opening 1522, The msulin debivery opening may be distanced from micro-dialysis
membrane 1506 to prevent glucose measurement interference caused by the added msulin
insaelin may be replenished in salin reservonr 1326 by penstrating 8 selfesealing pornt
within the reservoir with a needle through the skn of the patient. The wnsulin reservoir may
be external to control portion 1502 or may be internal to the control portion. The flushing
reservoir may be external to control portion | 502 or may be internal {o the control portion.
100961 Control portion 1502 ncludes a controller which regalates the vanons systems in
communication with the control portion. These systems include the vanous pumps, the
hght wavelength analvsis mechanism, conwrol of the insulin delivery based on glucoss
measuremenis via the wavelength analvsis mechamsm, fushing, ete. Comtrol poction 1502
may also include wireless conwnunication technology (tramsnntter andfor recetver) to
comnumicate with an external controlier winch may be a computer, mobile phone, tablet or
other device. The external controlier may include a wireless recetver/transmitter as well.
{0097] The external controller may include a display communicating the status of the
varfous systems to the patient andfor his doctor. These displays may include glucose level,
meloding glucose level over time, glucose level graph, glucose level averages, glucose
level warmings, glucose level changes sic, The display may also include msulin delivery
volumes, insehn delivery changes, msulin delivery alarms, msalin level within the systam
L tel

{0098} The control portion will also contam a battery, or other source of power, and nwy
be replemished through an electromagnetic Reld, inductive charging efe,

{08991 Other embodiments mehude an agitation mechanism which agitates andfor vibrates
the sensor/samphing component to help keep the area clean snd free of ingrowth,

{0190} In some embodiments, penitoneal fluid is drawn o the catheter, or cwculated
through the catheter, and passes by the flter membrane. In these embodinents, the fliey
membrane may be inside the controller, or 1 the central or proximal areas of the catheter.

The sampling catheter may have oneg, two or more lumens.
pung 3 ;
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{101} In moving continuous glacose monttoring o the IF space, we must also consider the
properties of the new sepsing epvironnent which 8 knowy to have less access to fluids. In
some embodiments, the sensor design includes the addition of a biocompatble polymer
laver to the sensor to improve contact with local fluids, mitigate contact of hvdrogen
peroxide with local tissue, and provide an opportunity o manipulate the rate of diffusion of
oxygen and glucose to ihe sensor chemistry for optimal signal by contrelling the
formulation, cross-hinking, and thickness of the polymer. To nnprove signal integrity over
time and protect tissue from hydrogen peroxide production of the ghucose oxidase reaction
i vivo, these embodiments inclades the addition of polvmer layer to the sensor surface.
Biopolymers have tunable diffusive properties with respect to two inputs of the ghicose
sensing reaction -oxygen and glecose. A polymer laver can therefore be wsed to control
reaction rates. Polymer cross-linking ratio andfor thickness tolerance requarements are
optinnzed to obtain ideal diffusive properties for the physiological range of glucose of
interest. Polymer layer assembly is dependent on the type of polymer formulation applied.
Some possible polvinsrs include alginate, polyvdimethvistloxane (PDMS), and other
hydrogels, medical coatings, or #hun film used by the medical device wndustry. Assunung
formulation s consistent, diffusion of analyies through g polymer will be highly dependent
upon thickness. Some embediments mitigate vanation in polymer thicknesses dwmg
manufacturing by calibrating signal agamnst background signal using redundant sensors.
Including a polvmer layer will also mitigate inaccuracies emerging from an IP-oplanted
sensar which 18 not continuously submerged in a homogeneous fhud fo sense glacose
concentrations.

{0102} Polvmer coatings are preferably biocompatible, durable in vive, hydrophilic, and
permeable 1o oxvgen and glucose. An example of such polymer are biccompatible
hvdrogels which are typically composed of 8 two components, a polymer and cross-linker,
the latter which is activated upon exposuge o UV radiation. Hydrogels are often mixed
within a mold and cured to form desired shape. The ratio of polymer 1o cross-limker, and
exposure o UV radiation, can be used 1o control the density and mechanical structure of
hydrogel polymers.

{0103} In one embodiment, the sensor assembly consisty of 3-4 modified sensors
assembled into a dual-lumen wbe within a silicone wibe catheter. Wire sensors may be
attached to the silver and platinum electrodes using conductive silver epoxy, and the joints

nay be encapsulated with msulating epoxy (o prevent shoris due to fhad mrusion. Under
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clean conditions, sensors may be threaded down ong lumen of the catheter. Proximal ends
of the mbes are cenled and ports are bonded in Hine wath each hanen to ablow for flushing.
The assembly may then be connected to the transmitter.

{8104] Lag times for bood glucose measurements in the IP space using the 1P continuous
glucose monitor may be less than around 12 vun. Alternatively the lag times fiw blood
glucose measurements i the IP space using the IP continvous glicose momitor may be less
than around 10 nun. Alternatively the lag times for blood glucose measurements in the 1P
space using the 1P contimuous glucose monilor may be less than around 7 min
Alterpatively the fag times for blood glacose measurements in the IP space using the 1P
contimuous glucose monitor may be less than around 5 min.

[0105] In some embodiments, redundant sensors for plucose signal, background signal, and
oxyvaen signal are ncluded. Redundancies in sensors provides the algorithms with the data
pomts required for calibration of glucose signal against background signal and oxygen
tension doring physiologic changes in the local envivonment. Calibration against
background 1s well known in signal processing {o mprove accuracy and reduce noise of the
target signal, It has been shown that adding redundant and reference senzors to a singls
device can improve accuracy by providing larger sample size over which signal can be
averaged, a reference signal on background, and a reference signal on local fluctuations on
environmental factors such perfusion, oxygenation, and encapsulation. One role of an
oxvgen sensor is o mmprove accuracy of glucose estimates by allowing algorithms to
correct for small changes in oxygen tension which occur dunng physiologic changes.
Another role of an oxygen semsor is to enable early-wamning of penionitis. the
consequences of peritonitis are potentially severe, especially m immune compromised Tl
OM patients. To mivgate ths risk, the [P CGM device meludes a proprietary algorithm for
use in implantable devices which provides early ndication of sn infection based on
combined oxveen/glucose sensor readings.

{8106] Some embodiments mclude ¥ wearable veceiver display m wireless comnunucalion
with g fully implanted sensor and transmitter,

{0167} Example of Data Processing System

{0108} FIG. 17 1s a block diagram of a data processing system, which may be used with
anv embodiment of the invention. For example, the system 1700 sy be used as pagt of the
control component of the peritoneal sensing system. Note that while FIG. 17 ilhusirates

various componenis of a computer system, it s not miended to vepresent any particular

X



L

10

T,
12

20

jau
(4]

30

WO 2016/109163 PCT/US2015/065387

23

architecturg or manner of inlerconnecting the componets; as such details are not germans
o the present mvention. It will also be appreciated that network computers, handheld
computers, mobile devices, tablets, cell phones and other data processing systems which
have fewer comnponsnis or pevhaps more componenis may also be used with the pressnt
inveniion.

{0109] As shown m FIG. 17, the computer system 1700, which 15 a form of a dala
processing svstem, includes a bus or nterconnect 1702 which is coupled to one or more
nticroprocessors 1703 and a ROM 1707, a volattle RAM 1743, and 3 non-volatile memory
1706, The microprocessor 1703 is coupled to cache memory 1704, The bus 1702
mterconnects these vanows components together and also mterconnects these components
F703, 1707, 1705, and 1706 to a display controller and display device 1708, as well as 1o
mputfontput (140 devices 1710, which may be mice, kevboards, modems, network
mterfaces, printers, and other devices which are well-known in the art.

{0110] Typically, the imputioutput devices 1710 sre coupled to the svstem through
inputfoutput controliers 1709, The volatile RAM 1703 is typically implementad as dynamic
RAM (DRAM) which reguires powver continunusty in order to vefresh or mainiam the data
m the memory. The non-volatife wemory 1706 is typically a magoetic hard drive, a
magnetic optical drive, an optical drive, ar a DVD RAM or other type of memory system
which mainiains data even alier power i3 removed from the svstem. Typically, the non-
volatile memory will also be a random access memory, although this is not required.

{0111} While FIG. 17 shovws that the non-volatle memory is a local device coupled
directly to the rest of the components in the data processing systemy, the present invention
nay aiifize a non-volatile memory which is remote from the systeny such as, a network
storage device which 15 coupled 1o the data processing sysiem through a network miterface
such g8 a modem or Ethernet interface. The bus 1702 may include one or more buses
comectad to each other through vartous bridges, controliers, and/or adapters, as is well-
known wm the art. In one ermabodiment, the 170 controller 1709 includes a USB {(Lniversal
Serial Bus) adapter for controlling USB peripherals. Altematively, VO controller 1709 may
mclude TEEE-1394 adapier, also known as FireWwe adapter, for comtrolhng FireWire
devices, SPI (serial peripheral mterface), I2C {nter-tteprated circait) or UART {universal
asynchronons recetverfiransmitiers, or any other suitable technology.

{0112} Some portions of the preceding delailed descripiions have been presented in terms

of algorithms and svmbolic representations of operations on data bits within g computer
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memory. These algomithmic descriptions and representations are the ways used by thoss
skalled 1w the data processing arts 1o most effectively convey the subatance of their work to
others skilled in the art. An alporithm is here, and generally, conceived 1o be a self~
consistent sequence of operations leading to a desired result. The operations are those
recuuring physical manipulations of physical guantities.

{0113} 11 should be borne in mind, however, that all of these and sinular terms are o be
associated with the appropriate physical quantities and are merely convemient labels
apphied to these quantities. Unless specifically stated otherwise as apparent from the above
discussion, it s appreciated that throughout the description, discussions wiliaing terms
suach as those set forth n the clayms below, refer o the action and processes of g computer
systern, or similar electronic conputing device, that manmipulates and transforms data
represented as physical (electromic) quaniities within the computer system's registers and
memories into other datg similarly represented as physical guantities within the computer
systent memories or registers or other such information storage, transmission or display
devices.

{0114] The techmques shown i the fgures can be tmplemented wsing code and data stored
and execoted on oune ov more electronic devices. Such electronic devices store and
communicate Gnternally andior with other electronic devices over a network) code and data
using computer-readable media, such as non-transitory computer-readable storaze media
{e.p.. magnetic disks; optical disks; random access memory: read only memory; flash
memory devices; phase-change mwemory) and transitory computer-readable transmission
media {e.g.. electrical, optical, acoustical or other form of propagated signals—such as
carrier waves, mnfrared signals, digital signals).

[8115] The processes or methods depicied in the preceding figures may be performed by
processing logie that comprises hardware (e.g. cirouitry, dedicated lowic, ete.), firmware,
software {e.g., embodied on a non-transitory coamputer readable madium;}, or 3 combination
of both. Although the processes or methods are described above W lerms of some
sequential operations, it should be appreciated that some of the operations deseribed may
be performed 1n a different order. Moreover, soine operations may be perfonmed in paraliel

rather than sequentially.
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CLAIMS

What is claimed s

1. A peritoneal fluid sensing apparatus, comprising:

a catheter having a distal tip which is tapered;

a sensor positioned within the tapered distal tip of the catheter, wherein the sensor
1s configured to sense for a presence of one or more analvies when positioned within
peritoneal fuid of a subject;

a filter in fluid communication with the seusor, wherein the filler 1s permeable to
the one or more analytes;

a coniroller in commuunication with the sensor; and

a port in fhod conmmunication with the catheter and the sensor, wherein infusion of

a fluid through the port flushes the sensor with the fluid.

2. The apparatus of claim | wherein the controller is configured to recetve sensed

mformation from the sensor and determine a ghicose level within the peritoneal fluid.

3, The apparatus of claim 2 wherein the controller is further configured to infuse

msulin based on the determined glucose level

=y

4. The apparatus of claim 1 wheren the analyie comprises glucose.

3. The apparatus of clanm | further comprising a slegve or cuff sized 1o shdingly

receive the catheter therethrough.

6. The apparatus of claim § wherein the sleeve or cufl further comprises a sealing

mechanism configured to prevent flmd mgress.

7. The apparatus of claim 5 forther comprising an anchoring cuff or tunnel

posttionad along the catheter or sleeve and configured {o promote tissue ingrowth.
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8. The apparatus of clatm 1 wherein the controller is located remotely from the

plic £31% o

9. The apparatus of claim 1 wherein the controller s coupled to the sensor via the

LA

catheter.

10, The apparatus of claim 1 wherein the controller is configured to awtomatically

fuse the fuid iato the port o intermittenily flash the sensor,

1t 11, The apparatus of claim 1 wherein the fuwid comprises insalin, saline, perttoneal

fluid, or combinations thereof.

12, The apparatus of claim 1 further comprising a pumyp n fluid communication
with catheter and in electrical communication with the contvoller.
i85
13, The apparatus of clyim 12 further comprising a Mnd reservoir in fhnd

conununation with the pump.

14. The apparatus of claim 1 wherein the tip of the catheter 13 made from a material

20 which inlubits cell ingrowth.

15, The apparaius of claim 1 wherein the controlter further includes a steridization

element.

)
¥4

16. The apparatus of claim 15 wherein the sterilization element comprises an

ultraviolet light source.

17, The apparatus of claim 1 wherein the controller 18 10 flnd commaunication with

the had,
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18, The apparatus of claim | wherein the filter is posttioned near or at the distal tip

af the catheter,

19, A perionend fuid sensing apparatus, comprising:

a catheter having a distal tip which is tapered;

a sensor configured to sense for a presence of one or more analytes when contacting
peritoneal thad of a subject;

a controller in communication with the sensor, wherain the sensor s positioned
within the controller;

a filter in [had communication with the sensor, wherewn the filter is parmeable o
the one or more analytes; and

a port in fluid communication with the catbeter and the sensor, wherein mwfusion of

a flaid through the port flushes the filter with the fluid.

20. The apparatus of claim 19 wherein the controlier s configured to recerve
sensed nformation from the sensor and deternmine a glucose level within the peritoneal
fhnd,

21. The apparatus of claim 20 wherein the controlier i3 firther configured 1o infuse

insulin based on the determined glucose level,

22. The apparatus of claim 19 wheren the analyie comprises ghucose.

b B}

23, The spparatus of claim 19 further compnsing a sleeve or cuff sived to shdingly

recetve the catheter therethrough.

24, The apparatus of claim 23 Auther comprising an anchoring cufl or tunnel

positioned along the catheter or sleeve and configured to promote tissue ingrowth.

25, The appasatus of claim 19 wherein the controller s located remotely from the

Senso.
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26. The apparatus of claim 19 wherein the controler is configaed to automatically

infuse the foid into the port to internuitently flash the sensor.

27, The apparatus of claint 19 wherein the fluid comprises insalin, saline,

peritoneal floid, or combinations thereof.

28, The apparatus of claim 1¢ further compnising a pump n fluid commumeation

with catheter andd incelectrical communication with the controdler.

29. The apparatus of claim 28 further comprising a fad reservoir in Hhad

comrnunication with the pump.

30. The apparatus of claim 19 wherein the tp of the catheter 153 made from 3

materal which mbibits cell ingrowth.

31. The apparatus of claim 19 wherein the controller further includes a stenlization

glement.

32, The apparatus of claim 31 whevens the sterilization element comprises s

uttraviplet ight source.

33, The apparatus of claim 19 wheren the controdler is in flwd communication

with the fhad.

34, The apparatus of claim 19 wherein the filfer is positioned near or at the distal

1zp of the catheter.

35, The apparatus of claim 19 wherein the filter 15 posttioned within the catheter.
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36. The apparatus of claim 19 wherein the sensor 15 configured for hight

Speciroscopy

37 A method of detecting one or more analyies within a subject, comprising:

(4

contacting pertioneal fluid within the subject via a distal tip of g catheter, where the
distal tip is tapered to inhibit or redace an ability of a fibrotic capsale from obtaining
purchase;

filtering the peritoneal fluid, wherein the filter 1s permeable 10 the one or more
analyigs;
10 sensing for a presence of one or more analyies withan the peritoneal fwid vin g
SENSOT]

determining whether the one or more analyies are present within the peritoneal fluid
via a coniroller in compmmication with the sensor: and

mifusing a fluid within the catheter soch the flaid Bushes the distal tip.

el

38, The method of claim 37 wherein contacting peritongal fluid comprises

mplanting the distal tip of the catheter withiin a body of the subject,

39, The method of claim 37 wherein sensing for a presence comprises sensing for

20 the presence of ghicose within the peritoneal fluid.

40, The method of claim 37 wherein infusing fluid comprises mfusing insulin

based on a level of the one or more analytes.

25 41. The methed of claim 37 further conyprising shidingly positioning the catheter

within a sleeve or cuff sived to recetve the catheter therethrough.

42, The method of claim 41 whevein the sleeve or cufl further comprises 4 sealing
mechanism confipured to pravent fluid ingress.

30
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43. Themethod of claim 41 further comprising secunng the catheter or sleeve
within the body of the subject via an anchoring coff or tumnel which 1s confipared 1o

promete tissue ingrowth,

44. The method of claim 37 wherein the controller is located remotely from the

SETISQY.

45, The method of clyim 37 wherein the controller 15 coupled (0 the sensor vin the

catheter,

46, The method of claim 37 wherein infusing a fluid comprises sutomatically

infusing the fluid into the port to ntermittenty Dush the sensor,

47. The method of ¢lanm 37 wherein mfusing a dd comprises mifusing insuling

saline, peritoneal flaid, or combinations thereof.

48, The method of clamm 37 wherein infusing & fluid comprises piaping the flaid
via a papp i fhad communication with the catheter and in electrical conununication with

the controller,

49, The method of claim 37 further conprsing a fluid ressrvoir m fluid

coannmancation with the pump.

50. The method of claim 37 wherein the tip of the catheter 1s made from o matenal

which inhibits cell tngrowth.

31, The method of claim 37 wherein the seasor 1s configared for light

SPeCHroscopy.

32. The method of claim 37 further comprising stevidizing the Dud via a

sterilization clement In commumication with the controller.
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33, The method of claim 32 whereln the sterilization element comprises an

ultraviolet ight sonrce.

5 54, The method of clatm 37 wherein the controller ts 1n fluid communication with
the Mhad.

55, The method of claim 37 wherein the filter is positioned near or at the distal tip
of the catheter.
1
56. The method of claim 37 wherein the filter 18 positioned in the controlier.
§7. The method of clam 37 further comprising anchoring the catheter within the

sithject via a base strachure implanted within the sudyject.
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