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Description

FIELD OF THE INVENTION

[0001] The present invention relates to apparatuses,
utilizing expandable or stretchable integrated circuitry
and sensor arrays on expandable or stretchable materi-
als on balloon catheters.

BACKGROUND OF THE INVENTION

[0002] Intraluminal devices have become important in
the diagnoses and treatment of a variety of medical con-
ditions ranging from conditions associated with the di-
gestive system to conditions related to the cardiocircu-
latory system. Current intraluminal sensing and thera-
peutic devices suffer from various disadvantages due to
a lack of sophistication related to the sensing, imaging,
and therapeutic functions. In some cases, such lack of
sophistication resides in the fact that many such devices
are configured with passive circuitry. Active integrated
circuits utilizing multifunctional operative devices offer a
variety sophisticated sensing, imaging, and therapeutic
functions, including (but not limited to) pressure sensing,
lightimaging, and drug delivery. In the case where intra-
luminal devices have such active integrated circuits, such
devices suffer from other disadvantages not the least of
which is that such devices are unable to achieve direct
contact with the part of the body being measured. The
inability to achieve direct contact of such devices is at-
tributable to the rigid nature of the operative devices and
accompanying circuitry. This rigidity prevents devices
from coming into full contact with soft, pliable, curved,
and/or irregularly shaped tissue, which compromises ac-
curacy of measurements.

[0003] Such area where a need exists to obtain better
contact and thus accuracy is in the area of analyzing
arterial plaque deposits. Plagque deposits in the arterial
lumen are widely recognized as a common cause of my-
ocardial infarction, unstable angina, and even death.
Plaques found inside the arterial lumen are classified as
‘'vulnerable’ or 'stable.” These two types of plaque have
significantly different compositions that give rise to vari-
ations in electrical, thermal, chemical, and material prop-
erties. Vulnerable plague consists of a lipid core contain-
ing large amounts of cholesterol deposits, inflamed cells
(macrophages), low levels of collagen and other matrix
proteins. The collagen and associated fibrous proteins
are found as a thin surface layer, encapsulating all of the
other structural components. Based on size and the ef-
fects of shear stress exerted by the flow of blood, the
enclosure formed by the thin fibrous caps is susceptible
to mechanical rupture. The rupture and subsequent re-
lease of the deposits internal to the plaque is a key mech-
anism underlying thrombosis and myocardial infarctions.
[0004] In contrast, stable plaque is much less suscep-
tible to rupture and thus is far less dangerous. Stable
plaques have a significantly more robust outer shell, con-
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sisting of a thick fibrous cap. Although stable plaques
can cause significant stenosis that may require interven-
tion, the effect of arterial occlusion is much less harmful
than the rupture of vulnerable plaque. It is important to
note that the vulnerable plaque typically form a narrowing
of less than 50%, suggesting that the deleterious effects
of a vulnerable plaque cannot be predicted based on the
extent of occlusion alone. Moreover, it is difficult to dis-
tinguish between vulnerable and stable plaque based
purely on extracorporeal imaging techniques.

[0005] One direct way to detect the presence of vul-
nerable plaque is through temperature and pressure
sensing near the plaque site, since plaque has non-uni-
form surface contours and because there is a significant
difference in the temperature of vulnerable plaque com-
pared to that of the normal lumen and stable angina. But
current temperature sensors are fabricated on rigid sup-
ports and embedded within the catheter body. One such
sensor is located at the center of the lumen in the cath-
eter. This design requires compensation for the distance
separating the temperature sensor from the plaque wall.
Adjustments in temperature recordings are made based
on a displacement sensor that senses the distance be-
tween the plaque wall and the catheter within the lumen.
Although this type of device can theoretically estimate
the temperature at the plaque, complications and errors
can arise.

[0006] US 5,779,698 to Clayman et al. discloses an
angioplasty catheter for increasing the patency of a body
vessel by altering an obstruction in the body vessel which
includes an elongate shaft having a proximal end and a
distal end. At least one electrical conductor is disposed
at the distal end and movable from a low profile position
to a high profile position in proximity to the obstruction.
A non-distensible balloon disposed between the conduc-
tor and the shaft is inflatable from the proximal end of the
shaft to move the conductor between the low profile po-
sition and the high profile position. In the high profile po-
sition the conductor can be electrosurgically energized
to ablate the obstruction and thereby increase the pat-
ency of the body vessel. The conductor may include a
circuit which is printed on the exterior surface of the bal-
loon. An overlying insulation layer can be provided with
a slot to limit the exposure of the conductor to the ob-
struction thereby increasing the current density in the
electrosurgical procedure.

[0007] US2003/023287A1 discloses a method for
treating the cardia of the stomach. A device is disclosed
which comprises a balloon that carries an array of surface
electrodes on a wire. When the balloon structure transi-
tions from an expanded/inflated state to a collapsed/de-
flated state, the wire carrying the surface electrodes curls
around the balloon structure due to the helical pattern of
the wire, in order to absorb and compensate for the com-
pressive stress that occurs.
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SUMMARY OF THE INVENTION

[0008] The presentinvention is a balloon catheter de-
vice according to claim 1. The balloon catheter device
includes an inflatable body having a surface, and a
stretchable electronic circuit comprising at least one dis-
crete operative device being in electronic communication
with at least one other discrete operative device, where
the stretchable electronic circuit may be embedded in or
affixed to the inflatable body.

[0009] The stretchable electronic circuit may comprise
a single crystalline semiconductor structure, and may
comprise discrete operable devices that are printable.
The stretchable electronic circuit is operable when the
inflatable body is inflated even when the inflatable body
isinflated, upto 150 and in some cases, up to 300 percent
of its original size.

[0010] Electronic communication is through a physical
electrical connection. This physical electrical connection
is stretchable. When electronic communication is
through a physical electronic connection, the physical
electrical connection is configured to be buckled when
the inflatable body is relaxed. The physical electrical con-
nection is also configured to be fairly non-buckled with
the inflatable body when the inflatable body is inflated.
The inflatable body may be made of a polymer. The in-
flatable body comprises a balloon, which in some em-
bodiments, may be fitted with a stent.

[0011] Inembodiments, the discrete operative devices
may further include an amplifier, a semiconductor struc-
ture, a transducer, and the like. Such devices may detect
temperature, capacitance, reflectivity, chemicals, enzy-
matic activity, and mechanical properties. In some em-
bodiments the device is in communication with a proc-
essor programmed to generate data for an image related
to a body lumen, such as spatial, temperature, tactile
image, visual map, and the like.

[0012] The operative device may continuously gener-
ate data, and where the continuously generated data may
be recorded.

[0013] Further, the device of the presentinvention may
comprise a drug delivery polymer comprising a drug,
where the stretchable electronic circuit may activate the
drug delivery polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Figure 1 shows an embodiment of the invention in a
deflated state and inside a body lumen.

Figure 1A is an expanded view of a portion of Figure
1.

Figure 2 shows an embodiment of the invention in
an inflated state and inside a body lumen.
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Figures 3A-E show fabrication steps related to em-
bodiments of the present invention.

Figure 4 is an embodiment of a sensor of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Asdescribed herein, the presentinvention com-
prises devices, systems, and methods utilizing stretcha-
ble electronic circuits on expandable or inflatable surfac-
es. With reference to the present invention, the term
"stretchable", and roots and derivations thereof, when
used to modify circuitry or components thereof is meant
to encompass circuitry that comprises components hav-
ing softor elastic properties capable of being made longer
or wider without tearing or breaking, and it is also meant
to encompass circuitry having components (whether or
not the components themselves are individually stretch-
able as stated above) that are configured in such a way
so as to accommodate and remain functional when ap-
plied to a stretchable, inflatable, or otherwise expandable
surface. The term "expandable", and roots and deriva-
tions thereof, when used to modify circuitry or compo-
nents thereof is also meant to have the meaning ascribed
above. Thus, "stretch" and "expand", and all derivations
thereof, may be used interchangeably when referring to
the present invention.

[0016] Figure 1 shows an embodiment of the invention
wherein a stretchable electronic circuit 200 is on an ex-
pandable body 300. In embodiments such as the one
shown in Figure 1, the expandable body 300 is inflatable
and in some embodiments (such as the one shown in
Figure 1) the inflatable body is a balloon on a catheter.
The skilled artisan will appreciate that the balloon and
catheter together are referred to as a "balloon catheter”,
which is a type of catheter with an inflatable balloon at
its tip and which is used during a catheterization proce-
dure for various medical procedures such as to enlarge
a narrow opening or passage within the body. The de-
flated balloon catheter is positioned, then inflated to per-
form the necessary procedure, and deflated again in or-
der to be removed.

[0017] Figure 1 shows the balloon catheterin arelaxed
or deflated state, which is inserted into a lumen 1000
which, in this embodiment is an artery. Figure 1 shows
arterial plaque 1010 formed on the inner wall of the artery.
The stretchable electronic circuitry 200 is on the surface
of the inflatable body 300 and will be discussed in more
detail below.

[0018] In embodiments, the circuitry 200 utilizes com-
plementary metal-oxide semiconductor (CMOS) technol-
ogy. CMOS devices offer a variety sophisticated sensing,
imaging, and therapeutic functions, including (but not lim-
ited to) pressure sensing, light imaging, and drug deliv-
ery. The device arrays are designed to withstand stretch-
ing and bending and can be embedded in or affixed onto
a stretchable surface, such as that made of a polymer
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material.

[0019] Figure 2A shows a detailed view the circuitry
200 of the claimed invention while the device is in a de-
flated or unexpanded state. The circuitry 200 of the in-
vention comprises at least one operative device 210
which is, in embodiments, in electronic communication
with at least one other operative device 210. In embod-
iments, the operative devices are discrete (in embodi-
ments, arranged in a "device island" arrangement as de-
scribed below) and are themselves capable of performing
the functionality described herein, or portions thereof. In
embodiments, such functionality of the operative devices
210 caninclude integrated circuits, physical sensors (e.g.
temperature, pH, light, radiation etc), biological and/or
chemical sensors, amplifiers, A/D and D/A converters,
optical collectors, electro-mechanical transducers, pie-
zo-electric actuators, light emitting electronics which in-
clude LEDs, and combinations thereof. The purpose and
advantage of using standard ICs (in embodiments,
CMOS, on single crystal silicon) is to have and use high
quality, high performance, and high functioning circuit
components that are also already commonly mass-pro-
duced with well known processes, and which provide a
range of functionality and generation of data far superior
to that produced by a passive means. For purposes of
the invention, passive systems are defined by their ab-
sence of local amplification, and/or a lack of the ability to
perform (on-board) any the functionality described above
and herein. In order to accommodate the discrete oper-
ative devices 210, which may be rigid, to the demands
of an expandable and stretchable substrate 300 such as
a catheter balloon, the operative devices 200 are fabri-
cated such that they are located in discrete and isolated
"device islands" and are electrically interconnected by
stretchable interconnects, or interconnects configured to
accommodate an expandable or stretchable surface.
The interconnects are referred to as 220. In the embod-
iment shown in Figure 2A, it can be seen that the inter-
connects 220 are flexible and thus able to accommodate
the stretching caused by the inflation of the balloon 300
(shown in Figure 2B). Thus, the entirety of the circuitry
200 is expandable or stretchable. In the embodiment
shown in Figure 2A, the interconnects 220 are buckled
or non-coplanar when the balloon 300 is in a deflated
state. When the balloon 300 is inflated (as shown in Fig-
ure 2B), the interconnects 220 become either coplanar
or non-buckled so as to accommodate the increased dis-
tance between the discrete operative devices 210 upon
inflation. Additionally, serpentine interconnects may be
used.

[0020] In embodiments, the electronic communication
between the discrete operative devices and/or between
said devices and separate devices could be wireless.
Therefore, said devices may comprise a transducer,
transmitter, or receiver capable of such wireless trans-
mission.

[0021] The specific fabrication method for such circuit-
ry may depend on the specific circuit classes desired to
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incorporate into the device, and the specific characteris-
tics of the circuitry, including those of the discrete oper-
ative devices, the interconnects, etc., include, but are not
limited to, those disclosed in the following references:
United States Patent No. 7,557,367 to Rogers et al. en-
titled "Stretchable Semiconductor Elements and Stretch-
able Electrical Circuits"; Ko et al., "A hemispherical elec-
tronic eye camera based on compressible silicon optoe-
lectronics," Nature (2008) (which is attached the ’007 pro-
visional Appendix B and is referred to in the '361 provi-
sional); D.-H. Kim, W.M. Choi, J.-H. Ahn, H.-S. Kim, J.
Song, Y. Huang, Z. Liu, C. Lu, C.G. Koh and J.A. Rogers,
"Complementary Metal Oxide Silicon Integrated Circuits
Incorporating Monolithically Integrated Stretchable
Wavy Interconnects," Applied Physics Letters 93,
044102 (2008) (which is attached to the '007 provisional
as Appendix C); D.-H. Kim, J.-H. Ahn, W.-M. Choi, H.-S.
Kim, T.-H. Kim, J. Song, Y.Y. Huang, L. Zhuangjian, L.
ChunandJ.A.Rogers," Stretchable and Foldable Silicon
Integrated Circuits," Science 320, 507-511 (2008) (which
is attached to the ‘007 provisional as Appendix D); R.
Dinyari et al, K. Huang, S. B. Rim, P. B. Catrysse and P.
Peumans, "Curved silicon focal plane arrays," Appl.
Phys. Lett. (2008) (which is attached to the ‘007 provi-
sional as Appendix E and is referred to in the 361 pro-
visional). Also to provide fabrication methods for such
stretchable circuitry and to describe the specific charac-
teristics of the circuitry, including those of the discrete
operative devices, the interconnects, etc., are following
references. United States Published Patent Application
No. 2006/0286488 entitled "Methods and Devices for
Fabricating Three-Dimensional Nanoscale Structures";
U.S. Patent No.7,195,733 to Rogers et al. entitled "Com-
posite Patterning Devices for Soft Lithography"; U.S. Pat-
ent No. 7,521,292 to Rogers et al. entitled "Stretchable
Form of Single Crystal Silicon for High Performance Elec-
tronics on Rubber Substrates"; United States Published
Patent Application No. US 2009/0199960 for Rogers et
al. entitled "Pattern Transfer Printing by Kinetic Control
of Adhesion to an Elastomeric Stamp"; United States
Published Patent Application. No. 2007/0032089 for
Nuzzo etal. entitled "Printable Semiconductor Structures
and Related Methods of Making and Assembling"; United
States Published Patent Application No. 2008/0157235
for Rogers et al. entitled "Controlled Buckling Structures
in Semiconductor Interconnects and Nanomembranes
for Stretchable Electronics"; United States Published
Patent Application No. 2008/0108171, Release Strate-
gies for Making Transferable Semiconductor Structures,
Devices and Device Components, and also United States
Patent Applications having the following serial nos.
11/145,574 entitled "Methods and Devices for Fabricat-
ing and Assembling Printable Semiconductor Elements,
filed June 2, 2005,11/675,659 entitled "Devices and
Methods for Pattern Generation by Ink Lithography, filed
February 16, 2007, and 12/398,811 entitled "Stretchable
and Foldable Electronic Devices", filed on March, 5,
2009.
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[0022] Such circuits may be applied to the surface of
the balloon or to a stretchable or expandable material
thatmay be wrapped around the balloon via transfer print-
ing of partially or wholly processed single-crystal silicon
devices, using methods described in the aforementioned
references or also methods in M.A. Meitl, Z.-T. Zhu, V.
Kumar, K.J. Lee, X. Feng, Y.Y. Huang, |. Adesida, R.G.
Nuzzo and J.A. Rogers, "Transfer Printing by Kinetic
Control of Adhesion to an Elastomeric Stamp," Nature
Materials 5, 33-38 (2006) (attached to the ‘007 provision-
al as Appendix F).

[0023] A non-limiting example of the complete fabrica-
tion steps of an embodiment of the invention, i.e., a cath-
eter balloon instrumented with temperature sensors, is
described in the following paragraphs. It should be noted
that while the embodiment described below refers to an
inflatable system (specifically a catheter balloon), the
skilled artisan will appreciate that such principals of op-
eration will apply to situations where the body on which
the circuitry is applied is otherwise stretchable or expand-
able but not inflatable.

[0024] Arrays of discrete operative devices 210, which
may include temperature sensors and associated differ-
ential amplifiers, buffers, A/D converters, logic, memory,
clock and active matrix switching transistors are laid out
in a "device island" arrangement. The device islands can
be 50 um x50 wm squares, most of which accommodate
a single conventional sensor circuit, e.g., a temperature
sensor, connected to a buffer, that is itself connected to
an amplifier. The temperature sensor, which may be re-
sistive, diode-based, etc., as described in greater detail
below, supplies a signal that reflects temperature (or a
temperature change), and the remaining sensor circuitry
conditions the signal for subsequent processing.

[0025] In embodiments, discrete operative devices
210 accommodate active matrix switches and A/D con-
verters for transforming an analog temperature signal in-
to digital form, and some operative devices accommo-
date logic circuitry capable of reading in digital signals
and processing them (e.g., to assign a value to the
sensed temperature or temperature change). These cir-
cuits may output the temperature reading to another
module or, and are capable of outputting data or storing
it in on-board memory cells.

[0026] Thecircuitryisarranged and designed such that
preferably only about one, but not more than about 100
electrical interconnections are required between any two
device islands. In embodiments, the circuits are then fab-
ricated on an SOl wafer (although it should be understood
that standard wafers could be used)(1.2um thick top Si,
1pm thick buried oxide) using standard CMOS fabrica-
tion technology, and the silicon space in between each
island is etched away to isolate each island. The circuits
are protected by a polyimide passivation layer, then a
short HF etch is done to partially undercut the islands.
The passivation layer is removed, and then a thin film of
SiO2 is deposited and patterned (100 nm thick) by
PECVD or other deposition technique combined with a
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liftoff procedure, such that the oxide layer covers most
of the space between discrete operative devices except
for aregion around each device island that is about 5 pm
wide. This will be an additional sacrificial material for sub-
sequent use in the fabrication process. Another polyimide
layer is spun on and patterned into the shape of the in-
terconnects. Typically one interconnect may extend from
the center of one device to the center of another device.
Alternately, two interconnects may extend from each cor-
ner of the device to two different device corners. Other
interconnect configurations are understood. The inter-
connect bridges may be about 25,.m wide and may ac-
commodate multiple electrical lines. The polyimide par-
tially fills underneath the device island where it is under-
cut; this serves to stabilize the island later in the release
process and prevent it from floating away. VIAs are
etched into the Pl layer to allow metal wires, patterned
in the next step, to contact the circuits and connect one
island to another. (This step can be repeated to form
additional sets of wires located above the first set.) An-
other PI layer is spun on (covering the wires and every-
thing else). The Pl (both layers) is thenisolated by etching
with a deposited SiO2 hard mask, in O2 RIE. PI located
outside the devices and bridges is etched, as well as PI
covering areas that are meant to be externally electrically
interfaced, and small areas leading to the underlying ox-
ide. Etch holes may be formed if necessary and then
transferred through the silicon or metal layers by wet and
or dry etching. The underlying buried oxide is etched
away using HF etchant to free the devices, which remain
attached to the handle substrate due to the first polyimide
passivation layer which contacts the handle wafer near
the border around the devices.

[0027] If the HF etch is not controllable enough and
finds a way to seep under the Pl isolation layer and attack
the CMOS devices, then prior to the first Pl passivation
a short Argon sputtering can be done to remove any na-
tive oxide followed by amorphous silicon sputtering fol-
lowed by the PI passivation and the rest of the process-
ing.

[0028] Afterrinsing, the devices are left to air dry. After
drying, they are picked up with a PDMS stamp, and trans-
fer printed onto either the surface of an expandable/in-
flatable body 310, or a surface of an expandable/inflata-
ble body coated with a thin PDMS layer, or a separate
thin PDMS layer (that may later be wrapped around the
balloon). Fig. 3A shows a side view of a balloon with the
PDMS layer 230 wrapped around the surface of the bal-
loon 300. Figure 3B is a cross-sectional view which
shows the catheter 320, the surface of the balloon 300,
and the thin PDMS layer 230 applied to the balloon 300.
[0029] It is also possible for a thin PDMS mold to be
made of half the (inflated) balloon shape, such that it can
be stretched flat, and have circuits transferred onto it in
the flat state, and then released to pop back into the half-
balloon shape; this half-balloon can then be easily at-
tached to the real balloon, and may even be glued. It is
noted that in all transfer cases, the circuits are on the
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outside of the balloon, and the bridges (also referred to
as interconnects and physical electrical connections
herein) pop or buckle outward when the devices are com-
pressed or the expandable/inflatable body is otherwise
in a relaxed or deflated state. In the inflated state, the
bridges should be fairly non-buckled and/or coplanar with
the surface of the inflatable body 300 so that in the de-
flated state they can buckle to accommodate the signif-
icant compressive stress. Alternately this process can be
repeated with a mold made in the deflated state of the
balloon, and stretched beyond flat so that it is significantly
expanded, such that after the circuits are transferred and
the mold is released, they compress significantly. In this
case, they should be compressed enough so that after
transfer to the real balloon, when it is fully expanded, the
bridges are nearly flat or fully extended and almost non-
buckled.

[0030] In the case where the circuitry 200 is directly
transferred to the balloon, the PDMS stamp should be
made thin (~100-500 wm in thickness) and thereby com-
pliant enough to conform to the shape of the balloon.
[0031] Inthe case where the circuitry is first transferred
to a separate thin PDMS layer, the PDMS layer may be
on a rigid substrate so that the transferring can be done
easily. Then the PDMS layer can be peeled off the sub-
strate and wrapped around the balloon either in the in-
flated or deflated state, depending on whether the cir-
cuitry was transferred with any prestrain or not. It may
be desirable to make the circuitry in a 1D array rather
than a 2D array. In this way, the thin PDMS layer is a
long, narrow ribbon that can be easily wrapped around
the balloon so as to cover the entire balloon surface. Al-
ternatively, if it is desired that the circuitry face inwards
to the balloon, the balloon can be directly rolled along a
planar array of circuitry 200 on PDMS carrier substrate
400 as shown in Figures 3D. The balloon can be subse-
quently deflated and/or re-inflated. Deflation can cause
the interconnects in the circuitry to buckle and take on
compression forces imposed by deflation as shown in
Figure 3E. It should be understood that these stamping
methodologies applied to the balloon catheter can be ap-
plied to stamp the electronic circuitry in all of the embod-
iments described below.

[0032] In embodiments where the circuitry is facing
outwards on the balloon, it may be encapsulated (while
in its compressed state) with another layer of PDMS, or
a liquid layer of PDMS followed by an upper layer of solid
PDMS to make a fluid encapsulation.

[0033] In embodiments where the circuitry is facing
outwards on the balloon, the circuitry may be electrically
externally interfaced at conductive pads that should be
designed to be located at the base of the balloon. Aniso-
tropic conductive film (ACF) connectors can be used to
interface to these conductive pads, by pressing and heat-
ing the film onto the pads. The film can then run down
the length of the catheter since it is so thin and flexible.
[0034] In embodiments where the circuitry is encapsu-
lated or facing inwards, the circuitry may be electrically
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externally interfaced by first removing part of the encap-
sulating polymer over the conductive pads through wet
or dry chemical etching, or physical mechanical removal
of material, including but not limited to drilling. At this
point, the ACF may be incorporated. Alternatively, the
stretchable circuitry may be electrically interfaced to an
ACF prior to the transfer or encapsulation process.
[0035] In embodiments, it may be possible for the cir-
cuitry to be powered externally optically, using the cath-
eter tube as a waveguide and having PV cells made in
a stretchable format in addition to the rest of the circuitry.
In addition, LED islands may be made to perform optical
data communication down the catheter waveguide. Al-
ternately, thin film batteries may be used to power the
circuitry. Alternately, RF communication circuits on the
device may be used to wirelessly communicate outside
of the body, and may also receive RF power to power
the circuits. Using these approaches, the need for exter-
nal electrical interfaces may be eliminated.

[0036] In one embodiment, the stretchable substrate
is typically polymeric, e.g., polyimide or polydimethylsi-
loxane (PDMS). The single-crystal semiconductor devic-
es themselves may be created on a silicon-on-insulator
(SOI) carrier wafer in accordance with a circuit design
implementing the desired functionality. Interconnect sys-
tems may also be created during this step to join smaller
circuit islands. The processed single-crystal devices are
removed from the SOI wafer (e.g., by etching) and are
then placed in contact with an elastomeric stamp for
transfer printing (via soft lithography) onto the desired
flexible polymer substrate.

[0037] The circuitry is thentransferred onto the stretch-
able substrate, which may be prestretched prior to trans-
fer. The stretchable substrate serves as the catheter bal-
loon, and can be conformed to the shape of an inflated
balloon by a mold. The balloon polymer can be stretched
over large strains (greater than 300 per cent) without
causing damage to the circuitry. The circuitry can be en-
capsulated with additional thin polymer layers to provide
further protection from cracks or local contact stresses.
[0038] It is understood that stretchable circuitry may
be realized using techniques other than those described
above, combinations of the techniques listed above, and
minor deviations from the techniques described above
as will be apparent to those skilled in the art the art. For
example, stretchable circuits may be formed on plastic,
elastomeric, or other stretchable materials by sputtering,
chemical vapor deposition, ink jet printing, or organic ma-
terial deposition combined with patterning techniques.
Semiconductor materials which may be used to make
circuits may include amorphous silicon, polycrystalline
silicon, single crystal silicon, conductive oxides, carbon
annotates and organic materials. Islands of silicon con-
nected by spiral interconnects made by surface microma-
chining or bulk etching may also be employed.

[0039] In use, an inflatable body 300 covered with
stretchable circuitry 200 having an array of discrete op-
erative devices 210 may be inserted in a lumen 1000.
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The discrete operative devices may include temperature
sensors. The temperature sensors may be, for example,
silicon band gap temperature sensor, consisting of silicon
diodes. The forward voltage of these silicon diodes are
sensitive to changes in temperature. Alternatively, plati-
num thin-film resistance temperature devices (RTD),
which measure temperature based on temperature-in-
duced changes in electrical resistance or thermocouple
circuits that sense temperature changes between differ-
ent thermoelectric materials can be utilized. For thermal
resistors, the normalized changes in resistance (R), tem-
perature coefficients of resistors (o), are related to the
change in temperature (T) by

AR/R = oT.

[0040] Platinum (500 A) and an adhesion layer of chro-
mium (150 A) can be patterned and deposited on SOI
wafers using thermal evaporation via e-beam to define
individual RTD sensors. The RTD sensors can be inte-
grated with CMOS based amplifiers, transducers, com-
putation logic elements, and A/D circuitry on the same
device islands as previously described.

[0041] Once the circuitry 200 is transferred onto the
expandable body, in this embodiment, a balloon catheter
300, stretching and fatigue tests can be performed with
a mechanical bending stage, capable of applying uneas-
ily tensile or compressive strains in multiple directions or
by repetitive inflation and deflation loading cycles. The
mechanical bending stages can work in parallel with elec-
trical probing stations (Agilent, 5155C) that are coupled
to the circuit semiconductors. In embodiments, to eval-
uate the performance of the circuitry, multiple cycling of
heating and cooling tests can be performed. The circuits
can be heated to 160° C for 5 min. and subsequently
cooled down before and after each electrical measure-
ment.

[0042] To protect the circuitry from external damage,
an encapsulating thin layer of polymer can be applied to
the circuitry, including on the surface of the inflatable
body after the circuitry is applied thereto. This encapsu-
lating polymer layer may be extremely thin (< 100 um)
and photocurable, in order to allow selective curing in
regions where direct contact with sensors is not required.
In the embodiment described above, the RTD tempera-
ture sensors may be preferentially exposed for direct con-
tact during photocuring. There are several polymers that
may be used for preferential photocuring of the encap-
sulating layer, including but not limited to polyethylene
glycol (PEG) with 2-hydroxy-2-methylpropiophenone
photoinitiator. The photocurable PEG encapsulation
cures once it is exposed to ultraviolet light. Photomasks
designed using AUTOCAD can be printed to allow pref-
erential curing of the surface of the inflatable body. These
masks can be inserted as a filter into a UV light source
stage coupled with a wide excitation UV filter. Exposure
with an aligned mask enables polymerization in strategic
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regions of the inflatable body. Visual alignment during
polymerization can be achieved with a CCD camera.
[0043] Inembodiments,theinflatable body instrument-
ed with an array of operative devices including temper-
ature sensors can be deployed such that the temperature
sensors are positioned in direct contact with the surface
of plaque in the lumen upon inflation of the inflatable
body. In such embodiments, the separation distance be-
tween sensors can be any that is manufacturable, a use-
ful range may be, but is not limited to, 10 um-10000 pm.
Individual sensors may be coupled to a differential am-
plifier, and/or a buffer and/or an analog to digital convert-
er. These circuits may be formed on the same, or differ-
ent, discrete operative devices than the temperature sen-
sors. The circuits may be laid out in an active matrix fash-
ion such that the readings from multiple temperature sen-
sors can be switched into and processed by one or a few
amplifier/logic circuits. These sensor arrays record input
signals that can then be channeled from the surface of
the balloon to guidewires and a processor using metal
electrodes deposited near the junction between the bal-
loon surface and the catheter tubing. Alternatively, gold
metal wires may be used to attach the balloon circuitry
to the surface of the catheter guidewire using a wire
bonder. Signals from the array of sensors can be proc-
essed using multiplexing techniques, including those de-
scribed in published international patent application
WO2009/114689 filed March 12, 2009. Multiplexor com-
ponent circuitry located in the base of the catheter
guidewire can facilitate this type of data analy-
sis/processing.

[0044] The device operator may use optical guidance
during an x-ray angiography to deploy the balloon cath-
eter once the guidewire reaches the region of the plaque
location. The deformable and stretchable nature of the
catheter balloon allows temperature measurements at
multiple contact points on non-uniform surface contours
such as that of arterial lumen and deposited plaque
(shown as 1010 in Figures 1 and 2B). Once deployed,
the interface electronics process the transmitted signals
and produce a spatial temperature map of the plaque in
the lumen. This data can be used by the device operator
to detect temperature heterogeneity presence along the
plaque and determine plaque type. Once plaque type is
determined and surface contours are characterized, the
balloon catheter can be deflated and removed.

[0045] In another embodiment of the invention, the
stretchable circuitry comprises pressure sensor arrays.
Such sensor arrays may be silicon-based and utilize pi-
ezo-resistive or capacitive sensing, or may be polymer
based or optically based. In embodiments, a pressure
sensor should have a working range and size suitable to
the application, and should be amenable to application
as described herein and tolerant to the stretching forces
it will experience. Figure 4 shows one exemplary pres-
sure sensor which comprises a flexible and suspended
diaphragm 600 of a flexible material such as thin single-
crystal silicon, polysilicon, and/or silicon nitride thin film.
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The diaphragm 600 can be suspended directly above a
base layer of doped silicon consisting of a metal electrode
layer extracted from an SOl wafer. The polysilicon dia-
phragm layer may be formed as a suspended layer by
firstdepositing an SiO2 layer on the silicon electrode 610.
The polysilicon may then be deposited on the SiO2 layer,
which in turn can be selectively etched. This etching step
allows for the formation of a suspended and flexible poly-
silicon structure. In order to produce diaphragms with a
controlled thickness, precise etch rates using HF must
be used. This diaphragm with known thickness (2-10 um
thick), material modulus, and surface area and the un-
derlying silicon electrode collectively form a parallel-plate
capacitor. The sensor capacitance is a function of dis-
tance between the top polysilicon layer and the underly-
ing silicon electrode. The capacitance recordings relate
diaphragm deflection (caused by force P) to changes in
capacitance.

[0046] In embodiments of the invention, the stretcha-
ble circuitry comprises an array of contact sensors. The
contact sensors are designed to provide an on/off elec-
trical resistance change in response to a pressure, such
that when the applied pressure exceeds a predetermined
threshold, the sensor provides an electrical signal indi-
cating that it is in contact with, e.g., the arterial wall. One
example of how to form a contact sensor is to make a
simple mechanical-electrical switch, in which one con-
ductor is mechanically pressed onto another conductor.
Thelower conductor, located on the surface balloon, con-
sists of a metal wire that is non-continuous in one or more
places to form an open circuit. Encapsulated around this
open circuit is a diaphragm formed out of PDMS. The
PDMS may be molded or etched into a diaphragm shape.
The upper wall of the diaphragm is coated with a metal
conductor, by standard means of photolithography pat-
terning, electrochemical etching, etching, shadow evap-
oration, etc. The diaphragm is aligned and bonded to the
surface of the balloon. The diaphragm is designed so
that when a certain pressure is applied, it bends down to
allow the upper conductor to contact and short-circuit the
lower non-continuous conductor. This is done by control
of the geometry (height and width) and materials of the
diaphragm. In yet another non-limiting example, the di-
aphragm may be made with MEMS techniques, such as
sacrificial silicon dioxide layers with a polysilicon bridge
on top.

[0047] In embodiments of the invention, to measure
relative pressure, each pressure sensor can be coupled
with reference sensor unit, which has identical electrical
characteristics except for a significantly lower pressure
sensitivity. Difference in pressure measurements be-
tween the sensor and the reference unit enable compen-
sation for many parasitic effects. The reference units may
be created by leaving a passivation layer on the top sur-
face of the polysilicon electrode. Having a reference unit
along with a pressure sensor unit allows for differential
pressure recordings. Once deployed, such sensorarrays
can sense the presence and mechanical properties of
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the arterial lumen and plaque. They may also be used to
estimate the diameter of the balloon and the lumen and
provide feedback to the device operator to end balloon
inflation at this point. This type of sensing can be com-
bined with temperature sensor arrays to provide a thor-
ough assessment of tissue mechanical and thermal prop-
erties during a single balloon deployment attempt. Pres-
sure sensing also allows for creation of a tactile image
map of the surface contours of the plaque. This type of
mechanical imaging in a balloon catheter can indicate
whether a stent has been successfully deployed when
the balloon is inflated.

[0048] In embodiments of the invention, the plaque
type is initially determined with temperature sensors and
immediately afterwards, drug-delivery polymers and cir-
cuitry embedded in the balloon polymer are activated to
cause local cooling and/or release of chemical agents,
such as anti-inflammatory drugs, to local sites on the
plague where inflammation is present. In embodiments,
light emitting electronics (such as LED) could be utilized
to activate a drug delivery polymer.

[0049] In embodiments of the invention, the stretcha-
ble circuitry comprises packed array of active pixel sen-
sors. Each pixelin the array may contain a photodetector,
a pn junction blocking diode, an active amplifier, and an
analog to digital converter, formed in a single piece of
single crystalline silicon (50x50 pm2; 1.2 pm thick).
These fabricated operative devices are fabricated in ac-
cordance with, for example, in Ko et al., "A hemispherical
electronic eye camera based on compressible silicon op-
toelectronics," Nature (2008). In this embodiment, all of
the circuitry may be encapsulated with a polymer layer
such as PDMS to prevent contact stress induced damage
of circuitry on the inflatable body, since there is no re-
quirement for direct contact of the lumen with photosen-
sor arrays. An array of photodetectors on the inflatable
body positioned in close proximity to the plaque site within
a the arterial lumen can provide high spatial resolution
imaging without the need for a lens-based focusing due
to the proximity of the photodetectors to the lumen. The
catheter guidewire may comprise a light source, such as
an optical fiber or an LED to provide illumination to the
photodetectors for imaging the plaque and lumen sur-
face.

[0050] In embodiments of the invention, the inflatable
body is covered with ultrasound emitters and receivers
to produce a lateral deep-tissue image of the plaque and
arterial lumen.

[0051] In embodiments of the invention, the inflatable
body is covered with stimulating and recording electrodes
used for measuring plaque conductivity. Since vulnera-
ble plaque is significantly less conductive than stable
plaque and arterial tissue, this form of sensor array can
help determine the plaque type based on measured con-
ductivity of the plaque. Once the inflatable body is de-
ployed, the electrodes are positioned in direct contact
with the plaque deposits and electrical conductivity is
measured. Again, this device can be combined with other
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sensor array types embedded in the stretchable inflatable
body to provide multiple sensing and therapeutic func-
tionalities in parallel.

[0052] Data collected by sensors at the site of the
plaque can be interpreted against a baseline established
by deploying the same inflatable body (or a second in-
flatable body on the same catheter) at a differentlocation,
which is free of plaque, in the lumen.

[0053] In embodiments of the invention, the array of
operative devices includes temperature detectors, pres-
sure sensors, and photodetectors collectively fabricated
in a flexible and stretchable polymer-based balloon cath-
eter substrate. These active device components can be
designed using 0.6 wm design feature resolution or small-
er. They may be integrated on the operative devices that
are pieces of single crystalline silicon (50x50 pm2; 1.2
pm thick). Once the balloon is inserted in the arterial lu-
men, the device operator navigates the guidewire leading
the balloon to the plaque location. The deployment of the
balloon can stop blood flow intermittently. The guidewire
is preferably fitted with an optical fiber or LED; the close
contact of the imaging arrays to the lumen avoids the
need for optical lens arrays, since light from the optical
source may pass through the interconnect gap regions
between the arrays, scatter through the lumen/plaque,
and reach the photodetectors directly.

[0054] In this embodiment, the pressure sensor array
detects when the inflatable body initially contacts the
plaque and spatially maps the entire region of contact to
ensure successful deployment. Temperature sensors
continuously record data and spatially map temperature
as a way to detect where in the arterial plaque there may
be inflammation and macrophage deposits. The device
operator may examine the data and decide whether to
take immediate action through drug-delivery measures,
stent deployment, or further tests on the plaque. The de-
vice operator may also utilize light imaging to visualize
the plaque. Having integrated pressure sensors and im-
aging sensor arrays on the balloon, in addition to tem-
perature sensors, allows for creation of a detailed tactile
and visual map of the regions where the balloon contacts
the plaque. This type of distributed mechanical sensing
and imaging with an array of pressure sensors and pho-
todetectors ensures that the stent and/or balloon contact
the entire surface of the plaque. This embodiment of the
balloon catheter can be deployed with a stent that may
be fitted around the active sensing and imaging regions
of the balloon.

[0055] Themethodsandsystemsdescribedinconnec-
tion with the invention described herein (the "Subject
Methods and Systems") may be deployed in part or in
whole through a machine that executes computer soft-
ware, program codes, and/or instructions on a processor.
The active stretchable circuitry described herein may be
considered the machine necessary to deploy the Subject
Methods and System in full or in part, or a separately
located machine may deploy the Subject Methods and
Systems in whole or in part. Thus, "machine" as referred
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to herein may be applied to the active circuitry described
above, a separate processor, separate interface elec-
tronics or combinations thereof.

[0056] The Subject Systems invention may be imple-
mented as a system or apparatus as part of or in relation
to the machine, or as a computer program product em-
bodied in a computer readable medium executing on one
or more of the machines. The processor may be part of
aserver, client, network infrastructure, mobile computing
platform, stationary computing platform, or other com-
puting platform. A processor may be any kind of compu-
tational or processing device capable of executing pro-
gram instructions, codes, binary instructions and the like.
The processor may be or include a signal processor, dig-
ital processor, embedded processor, microprocessor or
any variant such as a co-processor (math co-processor,
graphic co-processor, communication co-processor and
thelike) and the like that may directly orindirectly facilitate
execution of program code or program instructions stored
thereon. In addition, the processor may enable execution
of multiple programs, threads, and codes. The threads
may be executed simultaneously to enhance the per-
formance of the processor and to facilitate simultaneous
operations of the application. By way of implementation,
methods, program codes, program instructions and the
like described herein may be implemented in one or more
thread. The thread may spawn other threads that may
have assigned priorities associated with them; the proc-
essor may execute these threads based on priority or
any other order based on instructions provided in the
program code. The processor, or any machine utilizing
one, may include memory that stores methods, codes,
instructions and programs as described herein and else-
where. The processor may access a storage medium
through an interface that may store methods, codes, and
instructions as described herein and elsewhere. The stor-
age medium associated with the processor for storing
methods, programs, codes, program instructions or other
type of instructions capable of being executed by the
computing or processing device may include but may not
be limited to one or more of a CD-ROM, DVD, memory,
hard disk, flash drive, RAM, ROM, cache and the like.
[0057] A processor may include one or more cores that
may enhance speed and performance of a multiproces-
sor. In embodiments, the process may be a dual core
processor, quad core processors, other chip-level multi-
processor and the like that combine two or more inde-
pendent cores (called a die).

[0058] The Subject Methods and Systems described
herein may be deployed in part or in whole through a
machine that executes computer software on a server,
client, firewall, gateway, hub, router, or other such com-
puter and/or networking hardware. The software pro-
gram may be associated with a server that may include
a file server, print server, domain server, internet server,
intranet server and other variants such as secondary
server, host server, distributed server and the like. The
server may include one or more of memories, proces-
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sors, computer readable media, storage media, ports
(physical and virtual), communication devices, and inter-
faces capable of accessing other servers, clients, ma-
chines, and devices through a wired or a wireless medi-
um, and the like. The methods, programs or codes as
described herein and elsewhere may be executed by the
server. In addition, other devices required for execution
of methods as described in this application may be con-
sidered as a part of the infrastructure associated with the
server.

[0059] The server may provide an interface to other
devices including, without limitation, clients, other serv-
ers, printers, database servers, print servers, file servers,
communication servers, distributed servers and the like.
Additionally, this coupling and/or connection may facili-
tate remote execution of program across the network.
The networking of some or all of these devices may fa-
cilitate parallel processing of a program or method at one
or more location without deviating from the scope of the
invention. In addition, any of the devices attached to the
server through an interface may include atleast one stor-
age medium capable of storing methods, programs, code
and/or instructions. A central repository may provide pro-
gram instructions to be executed on different devices. In
this implementation, the remote repository may act as a
storage medium for program code, instructions, and pro-
grams.

[0060] If the Subject Methods and Systems are em-
bodied in a software program, the software program may
be associated with a client that may include a file client,
print client, domain client, internet client, intranet client
and other variants such as secondary client, host client,
distributed client and the like. The client may include one
or more of memories, processors, computer readable
media, storage media, ports (physical and virtual), com-
munication devices, and interfaces capable of accessing
other clients, servers, machines, and devices through a
wired or a wireless medium, and the like. The methods,
programs or codes as described herein and elsewhere
may be executed by the client. In addition, other devices
required for execution of methods as described in this
application may be considered as a part of the infrastruc-
ture associated with the client.

[0061] The client may provide an interface to other de-
vices including, without limitation, servers, other clients,
printers, database servers, print servers, file servers,
communication servers, distributed servers and the like.
Additionally, this coupling and/or connection may facili-
tate remote execution of program across the network.
The networking of some or all of these devices may fa-
cilitate parallel processing of a program or method at one
or more location without deviating from the scope of the
invention. In addition, any of the devices attached to the
client through an interface may include at least one stor-
age medium capable of storing methods, programs, ap-
plications, code and/or instructions. A central repository
may provide program instructions to be executed on dif-
ferent devices. In this implementation, the remote repos-
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itory may act as a storage medium for program code,
instructions, and programs.

[0062] The Subject Methods and Systems described
herein may be deployed in part or in whole through net-
work infrastructures. The network infrastructure may in-
clude elements such as computing devices, servers,
routers, hubs, firewalls, clients, personal computers,
communication devices, routing devices and other active
and passive devices, modules and/or components as
known in the art. The computing and/or non-computing
device(s) associated with the network infrastructure may
include, apart from other components, a storage medium
such as flash memory, buffer, stack, RAM, ROM and the
like. The processes, methods, program codes, instruc-
tions described herein and elsewhere may be executed
by one or more of the network infrastructural elements.
[0063] The methods, program codes, and instructions
pertaining to the Subject Methods and Systems de-
scribed herein and elsewhere may be implemented on a
cellular network having multiple cells. The cellular net-
work may either be frequency division multiple access
(FDMA) network or code division multiple access (CD-
MA) network. The cellular network may include mobile
devices, cell sites, base stations, repeaters, antennas,
towers, and the like. The cell network may be a GSM,
GPRS, 3G, EVDO, mesh, or other networks types.
[0064] The methods, program codes, and instructions
pertaining to the Subject Methods and Systems de-
scribed herein and elsewhere may be implemented on
or through mobile devices. The mobile devices may in-
clude navigation devices, cell phones, mobile phones,
mobile personal digital assistants, laptops, palmtops,
netbooks, pagers, electronic books readers, music play-
ers and the like. These devices may include, apart from
other components, a storage medium such as a flash
memory, buffer, RAM, ROM and one or more computing
devices. The computing devices associated with mobile
devices may be enabled to execute program codes,
methods, and instructions stored thereon. Alternatively,
the mobile devices may be configured to execute instruc-
tions in collaboration with other devices. The mobile de-
vices may communicate with base stations interfaced
with servers and configured to execute program codes.
The mobile devices may communicate on a peer to peer
network, mesh network, or other communications net-
work. The program code may be stored on the storage
medium associated with the server and executed by a
computing device embedded within the server. The base
station may include a computing device and a storage
medium. The storage device may store program codes
and instructions executed by the computing devices as-
sociated with the base station.

[0065] The computer software, program codes, and/or
instructions pertaining to the Subject Methods and Sys-
tems may be stored and/or accessed on machine read-
able media that may include: computer components, de-
vices, and recording media that retain digital data used
for computing for some interval of time; semiconductor
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storage known as random access memory (RAM); mass
storage typically for more permanent storage, such as
optical discs, forms of magnetic storage like hard disks,
tapes, drums, cards and other types; processor registers,
cache memory, volatile memory, non-volatile memory;
optical storage such as CD, DVD; removable media such
as flash memory (e.g. USB sticks or keys), floppy disks,
magnetic tape, paper tape, punch cards, standalone
RAM disks, Zip drives, removable mass storage, off-line,
and the like; other computer memory such as dynamic
memory, static memory, read/write storage, mutable
storage, read only, random access, sequential access,
location addressable, file addressable, content address-
able, network attached storage, storage area network,
bar codes, magnetic ink, and the like.

[0066] The Subject Methods and Systems described
herein may transform physical and/or or intangible items
from one state to another. The methods and systems
described herein may also transform data representing
physical and/or intangible items from one state to anoth-
er.

[0067] The elements described and depicted herein
and the functions thereof may be implemented on ma-
chines through computer executable media having a
processor capable of executing program instructions
stored thereon as a monolithic software structure, as
standalone software modules, or as modules that employ
external routines, code, services, and so forth, or any
combination of these, and all such implementations may
be within the scope of the present disclosure. Examples
of such machines may include, but may not be limited to,
personal digital assistants, laptops, personal computers,
mobile phones, other handheld computing devices, med-
ical equipment, wired or wireless communication devic-
es, transducers, chips, calculators, satellites, tablet PCs,
electronic books, gadgets, electronic devices, devices
having artificial intelligence, computing devices, network-
ing equipments, servers, routers and the like. Further-
more, the elements depicted in the flow chart and block
diagrams or any other logical component may be imple-
mented on a machine capable of executing program in-
structions. Thus, while the foregoing descriptions set
forth functional aspects of the disclosed systems, no par-
ticular arrangement of software for implementing these
functional aspects should be inferred from these descrip-
tions unless explicitly stated or otherwise clear from the
context. Similarly, it will be appreciated that the various
steps identified and described above may be varied, and
that the order of steps may be adapted to particular ap-
plications of the techniques disclosed herein. All such
variations and modifications are intended to fall within
the scope of this disclosure. As such, the depiction and/or
description of an order for various steps should not be
understood to require a particular order of execution for
those steps, unless required by a particular application,
or explicitly stated or otherwise clear from the context.
[0068] The Subject Methods and Systems, and steps
associated therewith, may be realized in hardware, soft-
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ware or any combination of hardware and software suit-
able for a particular application. The hardware may in-
clude ageneral purpose computer and/or dedicated com-
puting device or specific computing device or particular
aspect or component of a specific computing device. The
processes may be realized in one or more microproces-
sors, microcontrollers, embedded microcontrollers, pro-
grammable digital signal processors or other program-
mable device, along with internal and/or external mem-
ory. The processes may also, or instead, be embodied
in an application specific integrated circuit, a program-
mable gate array, programmable array logic, or any other
device or combination of devices that may be configured
to process electronic signals. It will further be appreciated
that one or more of the processes may be realized as a
computer executable code capable of being executed on
a machine readable medium.

[0069] The computer executable code may be created
using a structured programming language such as C, an
object oriented programming language such as C++, or
any other high-level or low-level programming language
(including assembly languages, hardware description
languages, and database programming languages and
technologies) that may be stored, compiled or interpreted
to run on one of the above devices, as well as heteroge-
neous combinations of processors, processor architec-
tures, or combinations of different hardware and soft-
ware, or any other machine capable of executing pro-
gram instructions.

[0070] Thus, in one aspect, each method described
above in connection with the Subject Systems and Meth-
ods and combinations thereof may be embodied in com-
puter executable code that, when executing on one or
more computing devices, performs the steps thereof. In
another aspect, the methods may be embodied in sys-
tems that perform the steps thereof, and may be distrib-
uted across devices in a number of ways, or all of the
functionality may be integrated into a dedicated, stan-
dalone device or other hardware. In another aspect, the
means for performing the steps associated with the proc-
esses described above may include any of the hardware
and/or software described above. All such permutations
and combinations are intended to fall within the scope of
the present disclosure.

[0071] While the invention has been disclosed in con-
nection with the preferred embodiments shown and de-
scribed in detail, various modifications and improve-
ments thereon will become readily apparent to those
skilled in the art. Accordingly, the scope of the present
invention is not to be limited by the foregoing examples,
but as defined by the claims and is to be understood in
the broadest sense allowable by law.

Claims

1. A balloon catheter device, comprising:
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an inflatable and expandable body (300) having
a stretchable surface, the stretchable surface
having soft or elastic properties enabling the
stretchable surface to be made longer or wider
without tearing or breaking; and

a stretchable electronic circuit (200) including a
plurality of components (210, 220) that accom-
modate stretching or expanding of the stretch-
able surface of the inflatable and expandable
body and remain functional when the stretcha-
ble surface is stretched or expanded, the plural-
ity of components comprising:

a plurality of discrete operative devices
(210) arranged as device islands embed-
ded in or affixed to the stretchable surface
of the inflatable and expandable body; and
aplurality of stretchable interconnects (220)
arranged to electrically interconnect at least
some of the plurality of discrete operative
devices, characterised in that

the balloon catheter device is a balloon catheter
device for sensing arterial plaque deposits,
wherein at least some of the plurality of discrete
operative devices (210) are pressure sensors
(600) for sensing the presence and mechanical
properties of the arterial lumen and plaque; and
at least some of the plurality of stretchable in-
terconnects are configured to be buckled when
said inflatable and expandable body is relaxed
and to be fairly non-buckled with the surface of
the inflatable and expandable body (300), when
said inflatable and expandable body is in the in-
flated state.

The device of claim 1, wherein said discrete operable
devices (210) are printable.

The device of any of the foregoing claims, wherein
the plurality of discrete operative devices further in-
cludes at least one of:

an integrated circuit;

a biological and/or chemical sensor;
an active pixel sensor;

an amplifier;

an analog-to-digital (A/D) converter;
a digital-to-analog (D/A) converter;
an optical collector;

a piezo-electric actuator;

at least one light emitting diode (LED);
light emitting electronics;

at least one ultrasound emitter;

at least one memory device;

a CMOS device; and

a clock.
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4.

The device of any of the foregoing claims, further
comprising a processor, wherein at least one of the
plurality of discrete operative devices is in electronic
communication with the processor, said processor
receiving data generated by said at least one oper-
ative device, said processor being programmed to
generate at least one of:

data for an image related to a body lumen;
a spatial temperature map of a lumen; and
a tactile image map of lumen.

The device of any of the foregoing claims, wherein:

the plurality of discrete operative devices further
includes:

at least one imaging sensor array; and
at least one temperature sensor;

and

the apparatus further comprises a processor
communicatively coupled to at least some of the
plurality of discrete devices to facilitate genera-
tion of a tactile and visual map of the biological
tissue based at least in part on the distributed
mechanical sensing and imaging information.

The device of any of the foregoing claims, wherein
the inflatable and expandable body is fitted with a
stent.

The device of any of the foregoing claims, further
comprising a drug delivery polymer comprising a
drug, wherein said stretchable electronic circuit ac-
tivates said drug delivery polymer.

The device of any of the foregoing claims, wherein
at least some of the plurality of discrete operative
devices are embedded in or affixed to the stretchable
surface of the inflatable and expandable body as a
one dimensional array or a two-dimensional array.

The device according to any of the foregoing claims,
wherein at least one of the plurality of stretchable
interconnects is attached to a first discrete operative
device and to a second discrete operative device of
the plurality of discrete operative devices, to electri-
cally interconnect the first discrete operative device
to the second discrete operative device.

Patentanspriiche

1.

Ballonkathetervorrichtung, umfassend:

einen inflatierbaren und expandierbaren Kérper
(300), der eine dehnbare Oberflache hat, wobei
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die dehnbare Oberflache weiche oder elasti-
sche Eigenschaften hat, dank derer die dehn-
bare Oberflaiche langer oder breiter gemacht
werden kann, ohne zu rei3en oder zu brechen,
und

eine dehnbare elektronische Schaltung (200),
die eine Vielzahl von Komponenten (210, 220)
aufweist, die Dehnen oder Expandieren der
dehnbaren Oberflache des inflatierbaren und
expandierbaren Korpers zulassen und funkti-
onsfahig bleiben, wenn die dehnbare Oberfla-
che gedehnt oder expandiert wird, wobei die
Vielzahl von Komponenten Folgendes umfasst:

eine Vielzahl von diskreten Betriebsvorrich-
tungen (210), die als Vorrichtungsinseln an-
geordnet sind, die in der dehnbaren Ober-
flache des inflatierbaren und expandierba-
ren Korpers eingebettet oder daran ange-
bracht sind, und

eine Vielzahl von dehnbaren Zwischenver-
bindungen (220), die dazu angeordnet sind,
mindestens einige der Vielzahl von diskre-
ten Betriebsvorrichtungen elektrisch mitein-
ander zu verbinden, dadurch gekenn-
zeichnet, dass

die Ballonkathetervorrichtung eine Ballonkathe-
tervorrichtung zur Erfassung von arteriellen
Plaque-Ablagerungen ist, wobei mindestens ei-
nige der Vielzahl von diskreten Betriebsvorrich-
tungen (210) Drucksensoren (600) zur Erfas-
sung des Vorliegens und der mechanischen Ei-
genschaften des arteriellen Lumens und der ar-
teriellen Plaques sind, und

mindestens einige der Vielzahl von Zwischen-
verbindungen dazu ausgestaltet sind, geknickt
zu sein, wenn der inflatierbare und expandier-
bare Kérper entspannt ist, und in Bezug auf die
Oberflache des inflatierbaren und expandierba-
ren Kérpers (300) relativ ungeknickt zu sein,
wenn der inflatierbare und expandierbare Kor-
per im inflatierten Zustand ist.

Vorrichtung nach Anspruch 1, wobei die diskreten
Betriebsvorrichtungen (210) druckbar sind.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Vielzahl von diskreten Betriebs-
vorrichtungen ferner Folgendes aufweisen:

eine integrierte Schaltung und/oder

einen biologischen und/oder chemischen Sen-
sor und/oder

einen aktiven Pixelsensor und/oder

einen Verstarker und/oder

einen Analog-Digital-Umsetzer (AD-Umsetzer)
und/oder
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einen Digital-Analog-Umsetzer (DA-Umsetzer)
und/oder

eine Kollektoroptik und/oder

einen piezoelektrischen Aktuator und/oder
mindestens eine Leuchtdiode (LED) und/oder
eine Leuchtelektronik und/oder

mindestens einen Ultraschallemitter und/oder
mindestens eine Speichervorrichtung und/oder
eine CMOS-Vorrichtung und/oder

einen Taktgeber.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend einen Prozessor, wobei
mindestens eine der Vielzahl von diskreten Betriebs-
vorrichtungen in elektronischer Verbindung mit dem
Prozessor steht, wobei der Prozessor von der min-
destens einen Betriebsvorrichtung erzeugte Daten
empfangt, wobei der Prozessor dazu programmiert
ist, Folgendes zu generieren:

Daten fir ein Bild im Zusammenhang mit einem
Kérperlumen und/oder

eine rdumliche Temperaturkarte eines Lumens
und/oder

eine haptische Lumenbildkarte.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei:

die Vielzahl von diskreten Betriebsvorrichtun-
gen ferner Folgendes aufweist:

mindestens eine Abbildungssensorik und
mindestens einen Temperatursensor und

die Vorrichtung ferner einen Prozessor umfasst,
der kommunikativ an mindestens einige der
Vielzahl von diskreten Vorrichtungen gekoppelt
ist, um eine Generierung einer haptischen und
visuellen Karte des biologischen Gewebes zu
ermoglichen, die mindestens teilweise auf den
verteilten mechanischen Erfassungs- und Ab-
bildungsinformationen beruht.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der inflatierbare und expandierbare
Korper mit einem Stent versehen ist.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend ein Medikamentenver-
abreichungspolymer, das ein Medikament umfasst,
wobei die dehnbare elektronische Schaltung das
Medikamentenverabreichungspolymer aktiviert.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei mindestens einige der Vielzahl von
diskreten Betriebsvorrichtungen als ein eindimensi-
onaler Array oder ein zweidimensionaler Array in der
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dehnbaren Oberflache des inflatierbaren und expan-
dierbaren Korpers eingebettet oder daran ange-
bracht sind.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei mindestens eine der Vielzahl von
dehnbaren Zwischenverbindungen an einer ersten
diskreten Betriebsvorrichtung und an einer zweiten
diskreten Betriebsvorrichtung der Vielzahl von dis-
kreten Betriebsvorrichtungen angebracht ist, um die
erste diskrete Betriebsvorrichtung elektrisch mit der
zweiten diskreten Betriebsvorrichtung zu verbinden.

Revendications

Dispositif de cathéter a ballonnet, comprenant :

un corps gonflable etexpansible (300) ayantune
surface étirable, la surface étirable ayant des
propriétés souples ou élastiques permettant a
la surface étirable d’étre rendue plus longue ou
plus large sans se déchirer ou se rompre ; et
un circuit électronique étirable (200) comportant
une pluralité de composants (210, 220) qui
s’adaptent aI'étirement ou I'expansion de la sur-
face étirable du corps gonflable et expansible et
qui restent fonctionnels lorsque la surface étira-
ble est étirée ou expansée, la pluralité de com-
posants comprenant :

une pluralité de dispositifs fonctionnels in-
dividuels (210) disposés sous forme d'ilots
de dispositifs encastrés dans, ou fixés sur,
la surface étirable du corps gonflable et
expansible ; et

une pluralité d’interconnexions étirables
(220) prévues pour interconnecter électri-
quement au moins certains parmi la plura-
lité de dispositifs fonctionnels individuels,
caractérisé en ce que

le dispositif de cathéter a ballonnet est un
dispositif de cathéter a ballonnet prévu pour
détecter des dépbts de plaque artérielle, au
moins certains parmi la pluralité de dispo-
sitifs fonctionnels individuels (210) étant
des capteurs de pression (600) pour détec-
ter la présence et les propriétés mécani-
ques delalumiére etde la plaque artérielle ;
et

au moins certaines parmila pluralité d’inter-
connexions étirables étant configurées
pour étre déformées lorsque ledit corps
gonflable et expansible est relaché et pour
étre essentiellement non déformées avec
la surface du corps gonflable et expansible
(300) lorsque ledit corps gonflable et expan-
sible est dans I'état gonflé.
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Dispositif selon la revendication 1, dans lequel les-
dits dispositifs fonctionnels individuels (210) peuvent
étre imprimés.

Dispositif selon'une quelconque des revendications
précédentes, dans lequel la pluralité de dispositifs
fonctionnels individuels comporte en outre au moins
I'un parmi :

un circuit intégre ;

un capteur biologique et/ou chimique ;

un capteur a pixels actifs ;

un amplificateur ;

un convertisseur analogique-numeérique (A/N) ;
un convertisseur numérique-analogique (N/A) ;
un collecteur optique ;

un actionneur piézoélectrique ;

aumoins une diode électroluminescente (DEL) ;
une électronique émettant de la lumiére ;

au moins un émetteur d’ultrasons ;

au moins un dispositif de mémoire ;

un dispositif CMOS ; et

une horloge.

Dispositif selon'une quelconque des revendications
précédentes, comprenant en outre un processeur,
au moins I'un parmi la pluralité de dispositifs fonc-
tionnels individuels étant en communication électro-
nique avec le processeur, ledit processeur recevant
des données générées par ledit au moins un dispo-
sitif fonctionnel, ledit processeur étant programmé
pour générer au moins l'une parmi :

des données pour une image associée a une
lumiére corporelle ;

une carte de température spatiale d’'une
lumiére ; et

une carte d’images tactiles d’une lumiere.

Dispositif selon’'une quelconque des revendications
précédentes, dans lequel :

la pluralité de dispositifs fonctionnels individuels
comporte en outre :

au moins un ensemble de capteurs
d’'imagerie ; et
au moins un capteur de température ; et

I'appareil comprend en outre un processeur ac-
couplé en communication avec au moins cer-
tains parmi la pluralité de dispositifs individuels
pour faciliter la génération d’une carte tactile et
visuelle du tissu biologique sur la base au moins
en partie des informations de détection et d'ima-
gerie mécanique distribuées.

6. Dispositifselonl’'une quelconque desrevendications
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précédentes, dans lequel le corps gonflable et ex-
pansible est muni d’'une endoprothése.

Dispositif selon 'une quelconque des revendications
précédentes, comprenant en outre un polymeére
d’administration de médicament comprenant un mé-
dicament, ledit circuit électronique étirable activant
ledit polymére d’administration de médicament.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel au moins certains parmi
la pluralité de dispositifs fonctionnels individuels sont
encastrés dans, ou fixés sur, la surface étirable du
corps gonflable et expansible sous forme d’ensem-
ble unidimensionnel ou d’ensemble bidimensionnel.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel au moins I'une parmi la
pluralité d’'interconnexions étirables est attachée a
un premier dispositif fonctionnel individuel et un
deuxiéme dispositif fonctionnel individuel parmi la
pluralité de dispositifs fonctionnels individuels pour
interconnecter électriquement le premier dispositif
fonctionnel individuel au deuxiéme dispositif fonc-
tionnel individuel.
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