wo 2014/085350 A1 I} 1] A1 00O 0RO R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/085350 A1

5 June 2014 (05.06.2014) WIPO I PCT
(51) International Patent Classification: (74) Agent: GUNDERMAN, Robert, D.; Patent Technologies,
A61B 5/0215 (2006.01) LLC, Lennox Tech Center- Suite 205, 150 Lucius Gordon
(21) International Application Number: Drive, West Henrictta, NY 14586 (US).
PCT/US2013/071757 (81) Designated States (uniess otherwise indicated, for every
. . kind of national protection available): AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
25 November 2013 (25.11.2013) BZ, CA. CH, CL, CN, CO. CR. CU. CZ, DE, DK, DM.
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
61/731,742 30 November 2012 (30.11.2012) Us OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(63) Related by continuation (CON) or continuation-in-part TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(CIP) to earlier application: ZW.
US 61/731,742 (CON) . o
Filed on 30 November 2012 (30.11.2012) (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: UNIVERSITY OF ROCHESTER [US/US]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
601 Elmwood Ave., Box URYV, Rochester, NY 14642 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors: HUANG, Jason, Haitao; 7857 Royal Woods, EE, ES, FI FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Pittsford, NY 14534 (US). DAYAWANSA, Samantha; MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
119 Palmdale Drive, Williamsville, NY 14221 (US) TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
? ? ’ KM, ML, MR, NE, SN, TD, TG).
[Continued on next page]
(54) Title: IMPLANTABLE PRESSURE MONITOR

2203
\g

105

101

103

Fig. 7

109

(57) Abstract: There is provided an implantable pressure monitor having a fluid sack in contact with a body part of a patient where
the fluid sack is retained to the body part by a pressure monitor housing that may have various attachment means. The fluid sack is
filled with a liquid such as silicone oil The pressure monitor housing has an opening that provides access to a fistula with a fluid
valve that terminates through the fluid sack. A fiber optic pressure sensor is in contact with the liquid in the fluid sack by way of the
fistula and fluid valve. In some embodiments of the present invention, an electronics module is incorporated with the implantable
pressure monitor to provide telemetry, power, and the like.



WO 2014/085350 A1 | H 000000 O 0 A RO

Declarations under Rule 4.17: Published:

— as to applicant’s entitlement to apply for and be granted —  with international search report (Art. 21(3))
a patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))



WO 2014/085350 PCT/US2013/071757

IMPLANTABLE PRESSURE MONITOR

TECHNICAL FIELD

The present imvention relates generally to medical devices, and more particalarly to an
implantable pressure mondtor that has a variety of applications such as blood pressure

monitoring, aneurism monitoring, and the fike,
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BACKGROUND ART

The ability to monitor pressure in a Hving organism sach as ap animal or a human has
numerpus applications ranging from bloed pressure montioring o monitoring medical conditions
such as aneurisms and the fike. While monitoring blood pressure through the skin, for example,
is known, the accuracy of such devices may be questionable. Targeled pressure monttoring of a
medical condition such as an anounism requires a precise and reliable device, Such a deviee
should be non-invasive to the vessel itself to prevent problems associated with penetration of the
blood vessel,

While monitoring of blood pressure or other pressure within a body is often done on a
transitory bagis, there are situations that require comprehensive continuous monitoring.  For
example, an aneurism may reguire continuous monitoring o ensure that i does not continug to
grow in size gnd rupture. The ahility o continvously monitor an ancurism, and provide the
patient or & medical practitioner with real-time information related to their condition s
somnething that has heretofore been unknown.  Such continuous real-time monitoring allows
immediate action fo be taken 1 the event that the patient becomes at risk, Currently, ancurism
nmonitoring nvolves regelar surveillance tmaging that requires & visit fo a medical practitioner
for each check of the condition of the ancurism. There is no real-time monitoring systern that
could provide pressure readouts on an fastrurment that could, for example, be worn on a patient’s
wrist, or provide the data to a remote woniloring device by way of a computer network, a
wireless network, or the ke,

It ix thus an object of the present invention to provide an implantable pressure monitor
that is non-invasive 1o the vessel or body part to which pressure is being montiored. It is another
object of the present mvention to provide an tmplantable pressure monitor that can provide data
to a remote device such as a hospital moaitor, smart phone, or other such slectronic device. It is
another object of the present invention to provide an implantable pressure monitor that provides
real time status on medical conditions such as ancurisms. It is yet another object of the present
ipvention o provide an implantable prossure monttor that provides real time blood pressure data.
it is a further object of the present nvention o provide an above skin blood pressure momitor.

These and other objects of the present mvention are not to be considered comprehensive or
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exhaustive, bat rather, exemplary of objects that may be ascertained afler reading thig

specification and claivas in view of the accompanying drawings.
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DISCLOSURE OF THE INVENTION

ln accordance with the present vention, there s provided an bplantable pressure
monitor comprising a pressure monitor housing, a flunid sack retaimned by the pressure monitor
housing, a liquid contained within the fhad sack, a fistula with a fluid valve that terminates
through the fwd sack, an opening in the pressure monitor housing for access to the fistula, and
a fiber optic pressure sensor in contaet with the fluid by way of the fistula and fluid valve,

The forepoing paragraph has been provided by way of introduction, and is not intended to
limyit the scope of the inventton as described by this specification, claims and the attached

drawings,
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BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described by reference to the following drawings, in which Hke nomerals
5 refer to Hie elements, and in which:

Figure 1 is a perspective view of a wrap around pressure monitor on a vessel

Figure 2 is a plan view of the wrap around pressure monitor of Figure 14

Fignre 3 15 a rotated plan view of the wrap around pressare monitor of Figure 1;

Figure 4 is a rotated perspective view of the wrap sround pressure monitor of Figure |

15 Figure 8§ 15 a perspective view of the wrap around pressure monitor of Figure 1 without the fiber

opic sensor

Figure 6 ix a perspoctive view of the wrap around presswre monitor of Figure 1 in the open

pasition;

20
Figure 7 is an oxploded view of the wrap around pressure monitor of Figure 1 in the open
position;
Figure 8 1s g porspective view of a strap based pressure monitor on a vessely

25

Figure 9 is a rotated perspective view of the strap based pressure monitor of Figure §;

Figure 18 15 a rotated plan view of the strap based pressure monitor of Figure 8;

30 Figare 11 is a top perspective view of the strap based pressure monstor of Figure §;

Figore 12 15 an exploded perspective view of the strap based pressure montior of Figare 8:
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Figure 13 is a perspective view of the strap based pressure monitor of Figure & without the fiber

(?pﬁi: PESSULT STHSOLL

Figure 14 is a plan view of the strap based pressure monitor of Figure § without the fiber oplic
PreRsSUre sensor;

Figure 15 Is a plan view of the strap based pressure monitor cut along line A-A of Figure {4

Figure 16 is an cnd view of the strap based pressure monttor of Figure 8 without the fiber optic

SENSOT

Figure 17 is a perspective view of a suture {ab pressure monitor oo a vessel;

Figure 18 is a side plan view of the sutare tab pressure monitor of Figure 17;

Figure 19 is a perspective view of the suiure lab pressure monitor of Figure 17;

Figure 28 is a top plan view of the sutare tab pressure mownitor of Figure 17;

Figure 21 is a plan view of the suture tab pressure monitor cut along line A-& of Figure 20;
Figure 22 Is a perspective view of a fistula of the present invention:

Figure 23 Is a side plan view of a fistula of the present invention;

Figure 24 is a top plan view of a fistula of the present invention: and

Figure 25 s a chart recording of nicre movements of » patieat’s skin over the external carotid

artery expressed as pressure v, time.
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The present invention will be described in connection with a preforred embodiment,
however, it will be andersiood that there 1 no tent o Hmit the invention to the embodiment
described. On the contrary, the intent is to cover all alternatives, modifications, and equivalents
as may be included within the spirit and scope of the vention as defined by thas specification,

claims and drawings attached hereto.
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BEST MODE FOR CARRYING OUT THE INVENTION

The maplantable pressure monitor of the present invention woay  have  various
embodinents, some of which are described herein, and others of which may be inferved from or
otherwise envisioned based on the disclosure contatned herein,

The implantable pressure monitor makes use of small changes i a body part (human or
animal} to determine pressure. For example, a blood vessel experiences small “micre™
movaments as Hood travels through the blood vessel. These movements can be correlated to
blood pressure. In a similar way, pressure buildup in an organ or other body part can he detected
by the implantable pressure monitor, providing an alert to a pending medical emergency. The
tmplantable pressure mondtor relies on the use of g fiber oplic pressure sensor and a novel
pressure sensing structare. The fiber optic prossure sensor may, i one embodiment of the
present invention, be structured as a Fabhry-Perot Taterferometer such as the one disclosed in
United States Patent 7,684,657 1o Donlagic et al, and entitled “Single Piece Fabry-Perot Optical
Sensor And Method of Manufactuving Same™, the entire disclosure of which &8 incorporated
herein by reference in it's entirety. Other fiber optic pressure sensors may also be emploved. and
mway, nsome embodiments of the present invention, contain a moveable structure such as a
diaphragm that changes position in relation to a relerence {such as the end of the optical fiber)
wder varving pressure conditions to in lurn provide pressure measurements through, for
example, optical means. An example of a suitable fber oplic pressure sensor is the modet FOP-
F125 Pressure Sensor manufactured by FISO Techuologies, Ine. of Quebec, Canada. The
pressurg sensing structiure comprizes a fluid Slted sack that makes contact with the body part of
which pressure is 1o be monitored. The fiber optic pressure sensor 18 in comimunication with the
tignid contained in the fluid sack, This arrangement allows for sensing of small movements
across a greater surface areq, as opposed to what would essentially be a point source with the
fiber optic pressure sensor alone. The fluid saek s in turn sttached o the body part, for example
a blood vessel like the aorta, by way of auy accommuodating and suitably shaped pressure monitor
housing,  The fiber optic presswre sensor may then be run outside the body to appropriate
instrumentation fo provide pressure readings, alerts, and the bke. In some embodiments of the

present invention, the fiber optic pressure sensor may terminate with an electronics module that
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is contained with the implantable pressure monitor. The electronics wodule in tn provides
telemetry data to a hospital monitor, a smart phone, or other such electronic device that can
provide pressure readings, alerts, alarms, and the like,

Several embodiments of the present invention will be desceibed by way of the figures
where figures 1-7 deserthe a first embodiment, figares 8-10 describe a second embodiment, and
figures 17-21 describe a thivd erabodiment. The embediments deseribed and depicted herein are
fntended primartly for pse with a blood vessel and related pressere measurements. One can
envision after reading this disclosuwre an implantable pressure monitor that has a different shape
and size to accommmodate pressure monitoring of other anatomical parts such as, for example,
internal organs, Such changes being considered within the spirit and broad scope of the present
invention as described and depicted berein. o addition, an external, non-implantable pressure
monitor using the Bber optic pressure sensor and the techoiques described herein s also to be
considered within the spirit and scope of the present invention.  An output chart of such an
embodiment of the present invention being depicted in Figare 25,

-
f

A first embodiment of the present invention, as depicted in Figures 1-7, attaches to a
blood vessel by way of several retention parts that fold or hinge together. Figure 1 is a
perspective view of a wrap around pressure monitor on a vessel, A fluid sack 109 can be seen in
contact with the blood vessel. The flutd sack 109 may be made from, for example. a metal foil,
such as an aluminum foil, with sustable biccompatible coatings as necessary. The flutd sack 109
may also be made from a biocompatible cloth such as polvethylene terephthalate. also with
suitable coatings as necessary. The fuid sack 109 contains a liguid such as, for example,
sihicone oil, that serves 1o fransmit small movements of the blood vessel that correspond to
pressurg changes. Other hiquids may also be emploved such as a saline solution, water, or the
like. Higher viscosity fluids are preferred due to thetr ability to transmit small pressure changes,
but the present invention is pot limited to such fluids.  In fact, in some embodiments of the
present invention, the fluid sack {09 may instead contain a gas, a gel, or the like. The fluid sack
19 may be of a shape conformal to the tirst retention part 101 and the second retention part 103,
A fistula 105 having a fluid valve terminates through the fluid sack 109 so as to provide a hquid
{or gas or gel) tipht seal when the fiber optic pressure sensor 107 18 placed through the fistula
H03 and into the Higuid, gas or gel comtained i the fluid sack 109, The fistula 105 1s made from

NF

a biocompatible material such as a stainless steel, a biccompatible plastic such as Polvethylene,
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Polvsulfone, Polypropviene, or the ke, A fistula, as used hervein, refers 1o any opening, device,
appavatus, seal, or structure that provides access to the inside of the fluid sack while keeping to
contents of the fluid sack contained within, The fistula may, in some embodiments of the present
tnvention, contain a Mhud valve, seal, gasket, filting, or strlar strueture 1o easure a complete seal
once the fiber optic pressure sensor is inserted into the fluid sack. The fistnla may also simply be
a pass through or via and raay have suitable sealing material to ensure a leak free ft. The fistula
105 may be made by machiping, casting, molding. or the bke. Ap exanple of a suitable fistula
can he seen in Figures 22-24, The fistula 103 seals to the fluid sack 109 using mechanical and
seafant mcans, and also may contain a valve that may be a membrang or stimilar structure for
sealing the Hquid, gas or gel to the confines of the fluid sack 109 when the fiber optic pressurs
senser 107 is inserted through the fistala 105 inte the fluid sack 109, The fistida 108 passes
through the pressure monitor housing by way of an opening in the Hrst retention part 101 or the
second retention part 103, To hold the fluld sack 109 against the blood vessel, a pressure
monitor housing can be seen comprising a lirst retention part 101 and a second retention part
103, The first retention part 101 and the second retention part 103 may be made from a
biocompatible roaterial such as a stainless sieel, a biocompatible plastic such as Polvethylene,
Polysulfone. Polypropylene, or the like, The first vetention part 101 and the second relfention part
HY3 may be made by machining, casting. molding, or the like. Such an arrangement can be
hinged, pinned, or otherwise connected so that the fivst retention part 101 and the second
retention part 103 close around the fhad sack 109 in such a way that proper communication of
small movements in the vessel are sent through the fliid contamed in the fluid sack 109 1o the
fiber optic pressure seusor 107, The first retention part {01 and the second retention part 103
may, in some embodiments of the present invention, be ong and the same {a single structure).
For placement around vessels, the first retention part 101 and the second retention part 103 have
a genarally eyvlindrical inner cavity or surface to accommaodate a vessel such as an artery or the
like, In some emthodiments of the present invention, the first retention part {01 and the second
retention part 133 are of a similar shape and geometry and may be carved or otherwise shaped 1o
corfinm to a vessel, In other embediments of the present lnvention, the first retention part 1
and the second retention part 103 ave of differing shape and geometry and may have arcas where
the fluid sack 109 s exposed or otherwise free from the first retention part 101 or the second

retention part 103, The fiber optic pressure sensor 107 may. in one embodiment of the present

10
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ivention, be stroctured as a Fabry-Perot Interferometer or otherwise contain a moveable
structure such as a diapbragn that changes position in relation to a reference such as the end of
the optical fiber under varying pressure conditions o in turn provide pressure measurements
through, for example, optical means. A light source (not depicted) may be provided i optical
communication with the fiber optic pressure sensor to provide an optical signa to the fiber optic
pressure seasor, and a fiber optic receiver may be emploved to recetve the optical signal from the
fiber optic pressure sensor. The received oplical signal containing information that correlates
with pressure readings, as seen, for example, in Figure 25,

The first retention part 101 and the second retention part 103 do not necessarity wrap
completely around the blood vessel. Figure 2 15 a plan view of the wrap around pressure monitor
of Figure 1 showing a generally open side with the Huid sack 109,

Flgure 3 is a rotated plan view of the wrap around pressure monitor of the present
invertion and Figure 4 is 8 rotated perspective view of the wrap around pressure monitor of the
preseat invention, The fiber optic pressure sensor 807 can be seen exiting the fistula 105, The
overall shape of the pressure monitor of the present invention may be, for example, & prolate
spherodd or other similar geometry.  Preferably, the shape of the pressure monitor should he
devoid of sharp edges when implanted o avoud surgical complications. Various coatings may be
applied to the pressore monitor such as drug cluting coatings and the ke, In some embodiments
of the present vention, the housing of the pressure monitor also serves to attach the pressure
monitor to an anatomical part, either as a function of {'s overall geometry, or as a function of
features such as, for example, sutore tabs, elamps., pins, and the like.

Figure § ix a perspective view of the wrap around pressure monitor without the fiber optic
sensor. Flgure 6 18 a perspective view of the wrap around pressure monitor of Figure 1 in the
open position, and Figure 7 is an exploded view of the wrap around pressure monitor in the open
position  showing clearly the fluid sack 109 within the pressure monitor housing.  The
embodiment depicted by way of Figures 1-7 may be usetil, for example, with laboratory animals
such as rats. The fiber opticy will leave the body of the Iaboratory animal or human through a
suitable fistula, and be connected 1o an appropriate mterface that generates and reads the optical
stgnals necessary to drive the fiber optic pressure sensor.

For applications that mclude use with humans, the overall pressure monitor should

preferably be small in relation to the blood vessel or organ to which pressure is to be monitored.

11
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n addition, while in some clinical applications #t may be acceptable to have the fiber optics leave
the body through a suitable fistela, it oftentimes will be desirable to have electronics that provide
the pressure data via telemetry to a receiving unit such as a bospital monitor, 8 smart phone, or
other such electronic device that can provide pressure readings, alerts, slavms, and the like,
These electronics may be integral with, or attached to, the pressure moniior, or may otherwise be
in physical proximity to the pressure monttor of the present invention.

Figures 8-16 describe a second embodiment of the mmplantable pressure monttor where
the pressure monitor housing 81 is attached to the vessel, organ, or other anatomical part by
way of a strap 803 as seen in the peespective view of Figure 8. The strap 803 may be made from
a suitable biocompatible material such as, for example, a biocompatible cloth such as, for
example, polyethviene terephthalate.  The strap 803 s an attachment structorg for placing the
pressure monitor on & body part. Other attachment structures such as hooks, pins, mesh, and the
like may also be emploved,

Figure 8 is g perspective view of the strap based pressure momitor on a blood vessell A
fluid sack is contained within the pressure monitor housing 801 such that it makes contact with
the hloond vessel. The fluid sack can be seen in the cutaway view of Figure 15 {see 1304y The
fluid sack may be made from a metal foil, such as an aluminum foil, with suitable biocompatible
coatings as necessary.  The fluid sack may also be made from a blocompatible cloth such as
polyethylene terephthalate, also with soitable coatings as necessary, The fluid sack containg a
hquid such as. for example, silicone ol that serves to transmit small movements of the blood
vessel that correspond to pressure changes, Other liguids may also be employed such as a saline
solution, water. or the ke, Higher viscosity {huds are preferred due to their ability to transmit
simall pressure changes, but the present invention is not lumited o sach thuds. In fact, in some
embodiments of the present invention, the fluid sack may 1ostead contain a gas, a gel, or the like,
A fistula 803 having a fluid valve terminates through the fluid sack so as to provide 8 Hguid {or
gas or gel) tight seal when the fiber oplic pressure sensor 807 is placed through the fistula 803
and into the liquid, gas or gel contained in the fluid sack. The fistula 805 is made from a
biccompatible nmaterial such as a stadndess steel, o biccompatible plastic such as Polvethylens,
Polysulfone, Polypropylene, or the like. A fistula, as used herein, refors 1o any opening, device,
apparatus, seal, or structure that provides access to the wside of the fluid sack while keeping to

contents of the fluid sack contained within. The fistula may, in some embodiments of the present
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ivention, contain a flukd valve, seal, gasket, fitting, or similar structure o ensure @ complete seal
once the fiber opic pressure sensor s inserted into the Juid sack. The fistula may also simply be
a pass throogh or via and may have suitable sealing material 1o ensure a leak free fit. The fistula
803 may be made by wachining, casting, molding, or the ke, An example of a suttable Ostula
can be seen in Figures 22-24. The fistula 803 seals 1o the fluid sack using mechanical and
seatant means, and also may contain a valve that may be a membrane or similar structure for
ealing the liquid, gas or gel to the conhines of the Huld sack when the fiber optic pressure sensor
807 1s mserted throagh the fistula BOS into the fHuid sack. The fistula BDS passes through the
pressure mcnitor housing by way of an opening. o hold the fluid sack against the blood vessel,
a pressure monitor housing 801 can be seen. The pressure monitor housing 801 may be made
from a biocompatible material such ay @ stainless steel. a blocompatible plastic such as
Polvethylene, Polvsulfone, Polvpropylene, or the like, The pressure monitor housing 801 may be
made by machining, casting, molding, or the like. The pressure monitor housing 801
encompasses the fluid sack inosuch a way that proper communication of small movements in the
vesset are sent through the fluid contained in the fluid sack to the fiber optic pressure sensor
807. The fiber optic pressure sensor 807 may, in one embodiment of the present invention, he
structured as a Fabry-Perot Interferometer or otherwise contain & moveable structure such as a
diaphragm that changes position in relation to a reference such as the end of the optical fiber
ander varying pressare conditions to in turn provide pressure messurements through, for
example, optical means. Other atirtbutes and components from the pressure monitor disclosed
by way of Figares {-7 may also be mcorporated with the embodiment depicted in Figures 8-16.

Figure 9 is a rotated perspective view of the strap based pressure monpitor. It should be
noted that the steap 803 is shown as not complately encompassing the blood vessel or anatowical
part The overall geometry of the strap 803 including s length and width may vary based on the
application, and in some embodiments of the pressnt invention, the strap 803 wmav fully
encompass the blood vessel or anatomical part.

Figure 10 is a rotated plan view of the strap based pressure monitor. Shown in Figore 10
is an clectronics module 1001 that contains telemetry circuitry and power circuitey. The
electronics module 1001 emplovs miniaturization techaiques such as microelectronic design and
packaging, hybrid creuit design and packaging, and the like. The electronics module 100

contains an energy storage device that may be a battery, or may be a capacitor such as an

13
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ultracapacitor or the like.  Suitable batteries include, bat are not limited to, Hthiwm jon
triplantable batteries or other microbatteries that are implantable.  To charge the energy storage
device, a charging coil may be emploved that provides joductively coupled charging from an
external source of electromagnetic vadiation. Such an arrangement is described 1o Uruted States
Patent Application Publication UIS2009/0289359% Al o Chen et al. and eptitled “Wireless
Charging Module and Electronic Apparatus”, the entive diselosare of which is incorporated
herewn by reference. The charging coil (not shown) is made from a conductive material such as
copper, and may be coiled or formed as a spival. The conductive material way forther be a wire,
flat stock, printed conductive film, or the like, o addition, 1 some embodiments of the present
invention, an energy harvesting deviee such as a MEMS device or a plezoelectric device to

gonvert Kinetic energy of the body into electrical energy 1s used 1o charge the energy storage
device, The energy storage devige comained within the electronics moduale 1001 provides power
o the telemetry eircuitry. The telometry cirenitry includes g fiber optic receiver with approprigte
fiber optic terminations to receive the distal end of the fiber optic pressure sensor, which may, in
soine embodiments of the present invention, be contained within the pressure moniior housing
801, The telemetry circuitry containg both optical transinil and receive fonctionality as well as
logic and related circuits to convert the optical signals from the fiber optic pressure sensor 807
into pressure data that is o tumn fransmittted from the electronics module 1001 to an external
recetving unit such as a hospital monitor, smart phone, computer, or the like. The electronies
module {091 containg a radiofrequency fransmitier capable of sending the pressure data, or may,
in some ermbodiments of the present invention, contain ciregitry capable of heing interrogated hy
an external device and send the pressure data on demand. Figure 11 1S a top perspective view of
the strap based pressure monttor, Figure 12 is an exploded perspective view of the strap based
pressure monitor depicting the fluld sack and refated pressure monitor housing. Figure 13 s a
perspective view of the strap based pressure monitor without the fiber optic pressure sensor
visible, As swated previously, the fiber optic pressure sensor may be tepminated within the
pressure monitor housing to the electronics mndule HIOT in some embodiments of the present
invention,

Figure 14 is a plan view of the strap based pressare monitor without the fiber optic sensor
visthle and Figure 13 ix a plan view of the strap based pressure moniter cut along hne A-A of

Figure 14, The internal fluld sack 1301 and internal fluid can be seen as the crosshatched arca

14
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depicted. Figare 16 is an end view of the strap based pressure monitor without the fiber optic
sensor vistble,

Simitar to Figures §-16 except {for the mounting strocture, Figures 17-21 describe a third
erbodiment of the implantable pressare monitor where the pressure monitor housing 1701 &
attached o the vessel, organ, or other anstomical part by way of suture tabs such as the frst
suture tab 1703 and the second sutire tab 1705 ax seen in the perspeetive view of Figure 17, The
suture fabs are an attachment strocture for placing the pressure monitor o a body part.  Other
attachment structures such as books, pins, mesh, and the like may alse be emploved. The suture
tabs may be made from a bioccompatible material such as a stainless steel, a hiocompatible plastie
such as Polyvethylene, Polysulfone, Polyprepyiene, or the like. The suture tabs may be made by
machining., casting, molding, or the e, and may be cast, molded, machined. or otherwise
formed with the pressure monilor housing 1701, Other atiributes and components from the
pressure monitor disclosed by way of Figures 1-7 and Figures 8-16 may also be incorporated
with the embodiment depicted in Figures 17221,

Figure 17 s a perspective view of a suture tab pressure moitor on a blood vessel. A fluid
sack is contained within the pressure monitor bousing 1701 such that it makes contact with the
blood vessel, The fhuid sack can be seen o the cotaway view of Figure 21 (see 2101). The fluid
sack may be made Irom a metal foil, such as an alummum foil, with suitable biocompatible
coatings as necessary.  The thuad sack may alse be made from a blocompatible cloth such as
polvethylene tevephthalate, also with suttable coatings as necessary. The fluid sack contains a
liquid soech as, for example, silicone oil, that serves to transmi small movements of the blood
vessed that correspond to pressure changes. Other Hauids may also be employed such as a saline
sofution, water, or the like. Higher viscosity flulds are preferved due to their ability to transmit
small pressure changes, but the present invention is not Hoited 1o such fluids. In facy, in some
embodiments of the present invention, the fluid sack may instead contain a gas, a gel, or the hike,
A fistula 1707 baving a fluid valve terminates through the fluld sack so as 1o provide a liquid (or
gas or gel} tght seal when the fiber optic pressure sensor (not shown) is placed through the
fistula 1707 and nto the liquid, gas or gel contained in the fluid sack. The fistula 1707 is made
from a biocompatible material such as a stainless steel, a biocompatible plastic such as
Polyethyviene, Polysulfone, Polypropylene, or the like. A fistula, as wsed herein, refers to any

opening. device, apparatus, seal, or structure that provides sccess to the inside of the fluid sack
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while keeping to contents of the Hoid sack cootained within, The fistula mayv, in some
erobodiments of the present invention, contain a fluid vabve, seal, gasket, fting, or similay
structure to ensure 8 complete seal once the fiber optic pressure sensor is inserted into the fluid
sack. The bstela may also simply be a pass through or via and may have suitable sealing
niaterial to ensure 3 leak free 6t The fistula 1707 may be made by machining, casting, molding,
or the like, An exanple of a suitable fistula can be seen tn Figures 22-24. The fistula 1707 seals
to the {Tuid sack using mechanical and sealant means, and also may contain a valve that may be a
membrane or similar structure for sealing the liquid, gas or gel (o the confines of the fluid sack
when the fibor optic pressure sensor s inserted through the fistula 1707 nto the fhad sack., The
fistula 1707 passes through the pressure monitor housing by way of an opening. To hold the
fluid sack against the blood vessel, a pressure monitor housing 1701 can be seen, The pressure
monitor housing 1701 may be made from g biocompatible material such as a stainless steel, a
biocompatible plastic such gs Polvethylene, Polvsulifone, Polypropylene, or the like. The
pressure monitor housing 1701 may be made by machining, casting, molding, or the like. The
pressure monitor housing 1701 encompasses the fluid sack  in such a way that proper
communication of small movements in the vessel ave sent through the fluid contained i the fluid
sack to the fiber optic pressure sensor. The Hiber optic pressure sensor may, in one embodiment
of the present invention, be stroctured as a Fabry-Perot Interferometer or otherwise contain a
moveable structure such as a diaphragm that changes position i relation 10 a reference such as
the end of the optical fiber under varving pressure condifions fo m tun provide pressure
measurements through, for example, optical reans.

Also depicted tn Figure 17 is an electronics module 1709 that contains telemetry circuitry
and power circuitry. The electronics module 1709 emplovs miniaturization techaigues such as
microelectronie design and packaging, bybrid circuit design and packaging, and the like: The
electronics modute 1709 contains an epergy storage device that mayv be a baftery, or mav be a
capacitor such ax an ultracapacitor or the ke, Suitable batteries include, but are not limited to,
fithium ion implantable batteries or other microbatteries that are implantable.  To charge the
encrgy storage device, a charging coil may be emploved that provides inductively coupled
charging from an external source of clectromagnetic radiation. Such an arrangement s described
in United States Patent Application Publication US2009/0289595 Al to Chen et al. and entitled

“Wirgless Charging Module and Electronic Apparatus™, the entire discloswre of which is

16



Y

W

4

]

WO 2014/085350 PCT/US2013/071757

corporated herein by reference. The charging coil (not shown} is made from a conductive
materiat such as copper, and may be coiled or forroed ay a spivall. The conduetive material way
further be a wire, flat stock, printed condoctive film, or the fike. In addition. in some
embodiments of the present inveation, an snergy harvesting deviee such as a MEMS device ora
piezoelectric device to convert kinetic energy of the body into elecirical energy is used to charge
the energy storage device, The energy storage device contained within the electronics module
{709 provides power to the telemetry circuitry, The telemetry circuitry includes a fiber optic
receiver with appropriate fiber oplic terminations o receive the distal end of the fiber optic
pressure sensor, which may, in sone embodiments of the preseat invention, be contained within
the pressure monitor housing 1701, The telametry circnitry contains both optical transmit and
receive functionality as well as logic and related circults 1o convert the optical signals from the
fiber optic pressure sensor o pressure data that is in turn tansmitted from the elecironics
module 1709 10 an external reeciving unit such as a hospiial monitor, smart phone, computer, or
the like. The electronics module 1709 containg a radiofrequency transmitter capable of sending
the pressure data, or may, in some embodiments of the present invention, contaln cireuitry
capable of being inferrogated by an external device and send the pressure data on demand.

Figure 18 is a side plan view of the suture tab pressare monitor in use on a blood vessel,
Figure 19 is a perspective view of the sature tab pressure monttor showing the soture tabs used to
hold the pressare monttor in place. Figore 20 is & top plan view of the sutwre tab pressure
monitor, Figure 21 is a plan view of the soture tab pressure monitor aut along hine A~A of Figure
20 showing the thad sack 210 and internal fluid by way of the oross hatched area.

Figures 22-24 depict an exemplary fistula of the present invenfion. Figure 22 ix a
perspective view of g fistula 2201, The fiber optic pressure sensor port 2203 can be seen. Figure
23 i a side plan view of the fistwla 22081 where a valve 2401 can be scen. The valve 2401
provides a fiquid {or gas or gel) tight seal when the fiber optic pressure sensor is placed through
the fistula and into the liquid, gas or gel contained in the fluid sack. The valve 2401 may be
made from & membrane, a flexible silicone rubber, a mechanical fixture, or the like. The fistula
2201 1s made from a biocompatible material such as a stadnless steels @ blscompatible plastic
sich as Polvethylene, Polysulfone, Polvpropylene, or the fike. A fistula, as ased herein, refers to
any opening, device, apparatus, seal, or structure that provides access 1o the inside of the flukd

sack while keeping to contents of the fluld sack comtained within, The fstula may, in some
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embodiments of the present invention, contatn a floid valve, seal, gasket, fitting, or stmilar
structure to ensure a complete seat once the fiber optic pressure sensor is inserted hnto the fluid
sack., The fistuls may also simply be a pass through or via and may have suitable sealing
material to ensure a leak free it The fstala 2201 yway be made by machining, casting, molding,
or the fike. The fiber optic pressure senzor port 2203 is depicted as a slot, but other embodiments
of the present nvention use varying geometries. In addition, the overall geometry of the fistula
2201 may vary from one embodiment to another. Figure 24 is a top plan view of a fistula of the
present invention.

Figure 25 1s a chart recording of micro movements of a patient’s skin over the oxternal
carotid artery expressed as pressure ve, time. An above the skin version of the present invention
containg the fiber optic pressure sensor in dirget contact with the skin above a monitoring point
such as the external carotid arterv. Small movements of the skin can be directly correlated with
pressure changes. The chart in Figure 25, for example, depiets pressare changes in the range of
120 10 149 millimeters of mercury, The chart in Figure 23 has a y-axis range from zero 1o 150.0,
The scale is thus millimeters of mercury (mnn Hg).  In some embodiments of the present
imvention, a fhuid sack, such as the fluid sack previously deseribed herein, 1s placed between the
patient’s skin and the fiber optic pressure sensor. Such an arvangement may be packaged in a
suitable housing, and may contain electronics to transmit the pressure information Lo a receiving
device for subsequent display or storage. The recetving device may be womn on the patient’s
wrist, or # may be a device that is conected to a computer network for subsequent data
transmussion, display, and storage.

To use the implantable pressure monitor, the fluid sack is placed against the blood vessel,
organ, or anatomicat part of interest. The pressure monitor housing containing the flnid sack i
then attached by way of a strap, sutures, retention parts, or the Hke, The fiber optie pressure
sensor is then either guided outside the body or terminated with the electronics moduls.

While the pressure monitor deseribed herein s suitable for implaniation, the use of the
novel pressure sensing structure (fluld sack and related fistures) and fiber optic pressure sensor
it above skin applications is also to be considered within the spirit and broad scope of the
present mvention.

It 15, therefore, apparent that there has been provided, m accordance with the various

abjects of the present invention, an implantable pressure monitor,
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While the various objects of this invention bave been described in conjunction with preferred
embodiments thereofl 3t ts evident that many alternatives, modifications, and variations will be
apparent to those skilled in the art. Accordingly, it is intended {0 embrace all such alternatives,
modifications and vanations that fall within the spivit aud broad scope of this specification,

claims, and drawings appended herein.
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What is claimed is:

b An implantable pressure womtor comprising:
b a pressure mowmitor housing;

a tluid sack retained by the pressure monitor housing:
a hiquid contained within the Guwid sack;
a fistula with a fhuid valve that terminates through the flaid sack;

an opening i the pressure monitar housing for access to the fistula; and

10 a fiher optic pressure sensor i communication with the liguid by way of the fistula and fluid
vaive,

2. The implantgble pressure monitor of claim 1, wherein the pressure monitor housing comprises

a first retention part and a second retention part mechanieally joined together,

i3
3. The implantable pressure monitor of claim 1, wherein the pressure sensor s a Fabry-Perot
Interferometer,
4. The mplantable presswre monitor of claim 1, further comprising an electronics module
20 coupled to the pressure sensor.
5. The implantable pressure monitor of claim §, wherein the Liquid contained within the fluid
sack is a high vizcosity liquid.
3% 6. The implantable pressure monitor of claim 1, wherein the pressure monitor housing has the
general shape of a prolate spheroid.
7. A pressure monitor comprising
a pressure momitor housing;
30 a fluid sack retained by the pressure monitor housing;
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an opening in the pressare monitor bousing to allow the fluid saek to make contact with a
body part of a patient;

a liquid contained within the fIuid sack;

a fistuda with @ flurd valve thet terminates through the flald sack; and

a fiber optic pressure sensor in commumication with the liquid by way of the fistuda and fluid

valve.

8. The pressure monitor of claim 7, further comprising an electronics module coupled to the

PYOSSULS SCISOL.

9. The pressure monitor of claim 7, wherein the pressure sensor is a Fabry-Perot Interferometer.

10. The pressure monitor of ¢laim 7, further comprising an electronies module coupled to the

ProsSure sensor,

. The pressure monitor of claim 7, wherein the liquid contained within the fluwid sack s a high

viscosity ligoid.

- An implantable pressure monitor comprising:

a pressure monttor housing;

an attachment strocture mechanically affixed to the pressure monitor honsing:

a Noid sack retained by the pressure monitor bousing;

a liquid contained within the fluid sack:

a fistula with a fluld valve that terminates through the fuid sack;

an opening in the pressure monitor housing for access to the fistuls; and

a fiber optic pressure sensor in communication with the liquid by way of the fistula and fluid

valve.

. The implantable pressure monttor of claim 12, wherein the pressure sensor is a Fabry-Perot

Interferometer.
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4. The hmplantable pressure monitor of claim 12, forther comprising an electronics module

coupled to the pressure sensor,

15, The implantable pressare mouitor of claim 12, wherein the liguid contained within the fhuid

sack is a high viscosily figuid.

17, The implaptable pressure monitor of claim 12, wheren the attachment structure 1s a strap.

8. The implantabde pressure monitor of claim 12, wherein the attachment striacture 13 a sutwe
18, The implantabde pressure monitor of claim 12, wherein the attachment strocture is a sutw

tady.

19, The implantable pressure monitor of elaim 12, wherein the attachment structure is a plurality

of suture tabs.

20, The implantable pressure monitor of elaim 12, wherein the pressure monitor housing is open

an one side 10 allow the flnid sack to contact 4 body part.
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